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STATEMENT OF IDENTITY, INTEREST, AND AUTHORITY TO FILE'

The undersigned amici curiae ("amici") include fetal tissue researchers,

scientists, physicians, medical and legal ethicists and academics.2 Many of amici's

careers focus on saving and improving life, using legally and ethically sourced

fetal tissue to discover cures and prevention for devastating conditions such as

birth defects including neural tube defects (spina bifida and anencephaly),

microcephaly (small brain), childhood cancers including retinoblastoma (a

childhood onset eye cancer which starts in utero) and childhood B-cell leukemia,

developmental disorders including autism spectrum disorders, immunodeficiency

disorders, neuropsychiatric diseases including schizophrenia and epilepsy,

neurodegenerative diseases including Alzheimer's Disease, Parkinson's Disease,

and Amyotrophic Lateral Sclerosis ("ALS", or Lou Gehrig's disease), and diseases

of the nervous system including multiple sclerosis. Amici have also participated in

drafting research guidelines and policies including the National Academies' Stem

Pursuant to Federal Rule of Appellate Procedure 29, undersigned counsel for
amici certify that no party's counsel authored this brief in whole or in part, and that
no party or person other than amici and their counsel contributed money towards
the preparation or filing of this brief.
2 Amici's biographies are attached as Appendix A. Amici sign this brief in their
individual capacities. References to their institutions are for biographical purposes
only.
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Cell Guidelines and President Barack Obama's policies on research ethics, and

served on advisory boards including the National Bioethics Advisory Commission

undei President William Jefferson Clinton and the California Institute for

Regenerative Medicine's Ethics Standards Working Group.

As the District Court's injunction recognizes, this is an "exceptional case

where the extraordinary circumstances and evidence to date shows that the public

interest weighs in favor of granting the preliminary injunction." Order Granting

Plaintiff's Motion for Preliminary Injunction at 39, filed in National Abortion

Federation v. Center for Medical Progress, Case No. 3:15-cv-03522 (N.D. Cal.

Feb. 5, 2016). The important work of amici—work that makes us all healthier—is

the embodiment of this very real public interest.

But the actions of the Center for Medical Progress, Biomax Procurement

Services, David Daleiden and Troy Newman have threatened that. As a result of

the publishing of Appellants' misleading videos, there have been threats to doctors

and researchers involved in fetal tissue pi ocurement and research. See Appellee's

Brief at 55 ("Dr. Nucatola and Ms. Dyer faced death threats and $10,000 rewards

for their murders. Dr. Linde faced threats of being ̀ publicly lynched' and was

confronted at her home by picketers. Dr. Ginde's clinic was then attacked by a

gunman who, after murdering two bystanders and a police officer, recited

-2-
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defendants' credo of ̀no more baby parts' to police. The list goes on.") (citations

omitted). Moreover, after the videos were released, suppliers of fetal tissue feared

being similarly targetied and "the supply of fetal tissue quickly dwindled."

Danielle Paquette, We Lose Money Doing This: Tiny Company Caught in Abortion

Debate Takes on Congress, The Washington Post (May 27, 2016) (quoting Cate

Dyer, CEO of Biomedical Company StemExpress). The press further reports that

Steven Goldman, a neurologist at the University of Rochester Medical Center in

New York, noted that "the outrage—and anxiety—over becoming a target of

[threats]—has delayed his research on multiple sclerosis.... `This kind of delay'

he said, ̀results in the additional deaths of people who could have been rescued. "'

Id. (quoting Steven Goldman, MD). Afnici urge this Court to affirm the District

Court. The District Court's injunction serves the public interest.

Counsel for amid have sought and obtained the consent of counsel for

Defendants-Appellants to the filing of this brief.

SUMMARY OF ARGUMENT

Fetal tissue research, a research method used since the 1930s, has been key

to scientific advances that have preserved the health and saved the lives of millions

of people. It is both legal and ethical under long-established laws, policies and

norms.

-3-
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Until the development of the respective vaccines, polio was a frightening

killer virus, and the rubella virus threatened the healthy pregnancies and the fetal

development of expectant mothers. Both vaccines~ommon now were

discovered with fetal tissue research. Since 1988, the polio vaccine has prevented

more than 650,000 deaths and 13 million cases of paralysis worldwide. See CDC,

The Time to Eradicate Polio Is Now (last updated Mar. 3, 2014).

And the past is prologue: fetal tissue research is absolutely needed today to

save lives threatened by diseases, viruses, and other health afflictions. `" [F]etal

tissue continues to be a critical resource for important efforts such as research on

degenerative eye disease, human development disorders such as Down syndrome,

and infectious diseases ...' [from therapies for end-stage breast cancer, diabetes,

and Parkinson's disease to a promising vaccine for Ebola, vital medical research

depends on continued use of fetal tissue under current laws and regulations."

Association of American Medical Colleges Statement in Support of Fetal Tissue

Research (Mai. 18, 2016) ("AAMC Statement") (citing the United States.

Department of Health and Human Services ("DHHS").3 Leading researchers in the

3 Signatories include:
American Association for the Advancement of Science
American Congress of Obstetricians and Gynecologists
(Continued... )

-4-
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American Physiological Society
American Society for Reproductive Medicine
American Society of Hematology
Association of American Universities
Association of Anatomy Cell Biology and Neurobiology Chairs
Association of Chairs of Departments of Physiology
Association of Medical School Microbiology and Immunology Chairs
Association of Public and Land-Grant Universities
Association of University Radiologists
Beth Israel Deaconess Medical Center
Boston Children's Hospital
Boston University School of Medicine
California Northstate University College of Medicine
Cedars-Sinai Medical Center
Children's Hospital Los Angeles
Columbia University Medical Center
Duke University School of Medicine
Feinberg School of Medicine, Northwestern University
Florida Atlantic University
Harvard University
Jacobs School of Medicine and Biomedical Sciences at the University at Buffalo
Johns Hopkins University
Loma Linda University School of Medicine
Marshall University Joan C. Edwards School of Medicine Medical College of
Wisconsin
Michigan State University College of Human Medicine
Mount Sinai School of Medicine and Health System
National Multiple Sclerosis Society
NYU Langone Medical Center
Oregon Health &Science University
The Perelman School of Medicine at the University of Pennsylvania
Research!America
Roy J. and Lucille A. Carver College of Medicine at the University of Iowa
Rutgers Robert Wood Johnson Medical School
Stanford University School of Medicine
(Continued...)

-5-
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field have opined that fetal tissue research is the best vehicle to use in the critical

search for a vaccine to the newest global threat to successful pregnancies and

fetal/infant health—the Zika virus. See National Partnership for Women and

Families, CDC Issues New Zika Guidance; State, Federal Efforts Targeting Fetal

Tissue Donation Could Thwart Zika Research (Mar. 29, 2016) ("Basically the only

insights we've had so far on Zika is with patients who have either lost a pregnancy

Stony Brook Medicine
SUNY Upstate Medical University College of Medicine
Temple University School of Medicine
Tufts University School of Medicine
Tulane University School of Medicine
Universidad Central del Caribe
University of Alabama School of Medicine
University of Chicago
University of Colorado School of Medicine
University of Illinois Hospital &Health Sciences System
University of Maryland, Baltimore
University of Massachusetts Medical School
University of Michigan Medical School
University of Nevada School of Medicine
University of New Mexico Health Science Center
University of Pittsburgh School of Medicine
University of Puerto Rico School of Medicine
University of Rochester Medical Center
University of Washington
University of Wisconsin-Madison
Virginia Commonwealth University School of Medicine
Washington University in St. Louis
Weill Cornell Medical College
Wright State University Yale School of Medicine
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or had miscan-iages.... This is a situation where the vaccine is going to have to

protect the woman and fetus, so [fJetal tissue is going to be needed to look at the

effects,") (quoting high-risk obstetrical expert Patrick Ramsey of the University of

Texas Health Science Center).

A~nici submit this brief to make clear to the Court what fetal tissue research

is and the laws and protocols that govern it. This brief answeis the following

questions: what is fetal tissue research; what is the law regulating its use; and why

is it such an important tool in the fight for public health?

ARGUMENT

I. What is Fetal Tissue Research?

Fetal tissue research is medical/scientific research conducted using tissue

from non-living human fetuses that would be other°wise discarded. See The

Ameiican Society for Cell Biology, Facts About Fetal Tissue Reseal̂ ch at 2 (Mar.

2000). While the fetal tissue used in research generally comes from legal,

voluntary, induced abortions, it may also be a product of a spontaneous abortion

("miscarriage"). Id.

However, tissue from spontaneous abortions is not an adequate substitute for

tissue from voluntary abortions. See Ainy Maxmen, Fetal Tissue Probe Unsettles

Scientific Community, 34 Nature Biotechnology 447, 447-48 (May 2, 2016).

-7-
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Because spontaneous abortions often are a result of fetal genetic abnormalities, the

tissue does not provide the proper vehicle for most fetal research. See

Congressional Research Service, Fetal Tissue Research: Frequently Asked

Questions, 3 (July 31, 2015). And because spontaneous abortions are just that

spontaneous they generally do not occur in settings where the fetal tissues can be

properly gathered and preserved. Id. In the ordinary course, researchers obtain the

tissue from large and small-scale medical facilities and non-profit tissue banks, at

least three of which receive federal funding from the National Institutes of Health

("1vIH"). Id.

A. Why Fetal Tissue and Not Adult, Animal or Computer-
Generated Material?

1. What Makes These Cells Unique?

"Fetal tissues and cells cannot be replaced by embryonic stem cells,

reprogrammed stem cells, or adult stem cells." Lawrence Goldstein, Ph.D.,

Statement Before the Select Investigative Panel of the Committee on Energy

and Commerce, United States House of Representatives at 3 (Mar. 2, 2016)

("Goldstein Statement"). Fetal tissue is "a flexible, less-differentiated

tissue ...allowing researchers to study basic biology or use it as a tool in a

way that can't be replicated with adult tissue." Meredith Wadman, The Truth

~:~

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-1, Page 16 of 45
(16 of 506)



About Fetal Tissue Research, 528 Nature 181 (Dec. 10, 2015) (quoting Carrie

Wolinetz, NIH Associate Director for Science Policy).

Specifically, many subpopulations of fetal cells are uniquely capable of

rapidly dividing and growing in culture; some are also pluripotent, that is, capable

of developing into any type of cell or tissue. See J.T. Hansen & J.R. Sladek, Jr.,

Fetal Research, 246 Science 775, 777 (Nov. 10, 1989). Fetal cells also have

unique genetic programs that are not expressed in adult cells.

For these reasons, fetal cells alone make possible the scientific achievements

described below. See infra Section III. Additionally, fetal cells are uniquely suited

(and used) to screen new drugs to evaluate safety, particularly safety for use by

pregnant women. See Hansen at 777. This ability to experiment and test enables

drug development without risking another "thalidomide tragedy,"4 and could not

be accomplished with adult cells. Id.

4 "One need only recall the thalidomide episode of the 1960s for a grim reminder
of the need for careful fetal screening before drugs are administered to pregnant
(and nursing) women. Maternal intake of the sedative thalidomide early in
pregnancy, as reported in Germany and England, led to an unusually high
incidence of limb-reduction deformities. Once thalidomide was recognized as the
causative agent, it was withdrawn from the market, but not before an estimated
3,000 malformed infants were born." Hansen at 778.

6~
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Fetal tissue for research cannot be replaced by non-human tissue, or for

that matter, computer-generated material. "[G]ene regulation—the finely

tuned symphony that controls when and where genes are active—can vary

strikingly between species, so findings in other animals often do not hold true

in humans." Wadman at 180 (citing Neil Hanley, an endocrinologist at the

University of Manchester, UK). Animals "differ from humans in size,

appearance, longevity, physiology, and performance."' Harry Ostrer, et al.,

Human Embryo and Early Fetus Research, 70 Clin Genet 98, 98-99 (Aug. 2006)

(citations omitted). Professor Paul Fowler put it plainly: "I get very frustrated

when misinformed people go on about how it can all be done with computer

models or cell cultures or stem cells or animals.... In some areas, the human

is absolutely dramatically different than rodents." Wadman at 180 (quoting

Fowler, a reproductive biologist at the University of Aberdeen Institute of

Medical Sciences in the United Kingdom who recently published a study using

5 "Mouse, the most popular model, diverged from a common ancestor 75-80
million years ago. This divergence has led to important differences in anatomy,
even at the earliest developmental stages, and in some important biochemical
pathways .... The laboratory mouse does not produce monozygotic [identical]
twins naturally. Some human mutations ...seem not to occur spontaneously in
mice. The high rate of chromosomal [abnormality] in human zygotes is not found
in mice." Ostrer at 98-99.

-10-
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tissues from the livers of aborted fetuses to study the impact of maternal

smoking on fetal liver development).

2. Why Is There No Substitute for Fetal Tissue Research on
Human Development and Treating Infants and Newborns?

In two areas in particular, there will likely never be a substitute for fetal

tissue research: the study of early human development and why human

development sometimes goes wrong; and the promotion of early infant health and

fetal intervention.

Scientists understand that "[h]uman fetal tissue is likely never going to be

replaced in some areas of research, particularly relative to fetal

development[] ... [because] unless you understand normal you're not going to

understand abnormal." Wadman at 180 (quoting Carrie Wolinetz, NIH associate

director for science policy).

"By studying normal and abnormal development in fetal tissue, scientists

will learn snore about ...mental retardation, Down Syndrome, SIDS [Sudden

Infant Death Syndrome], and defective eye development." The American

6 Fetal tissue may someday be replaced with other materials and methods in some
limited and specific research. Like fetal tissue, flexible cell types including
embryonic stem cells induced pluripotent stem (IPS) cells, and lab-created
organoids are also being used to grow new org ans. See Cassandra Willyard, The
Boom in Mini Stomachs, Brains, Breasts, Kidneys and More, 523 Nature Int'1
Weekly J. of Science 520, 520-22 (July 29, 2015).
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Society for Cell Biology at 2. An NIH-funded study is also "probing gene

activity in cells lining the fetal intestine to help explain excessive intestinal

inflammation in premature babies." Wadman at 180. ̀ By learning more about

fetal development, doctors will [] be better prepared to conduct fetal surgery [to

address developmental disorders, and] ...gain new understanding of why some

pregnancies are spontaneously aborted." The American Society for Cell Biology

at 2.

And "[t]he application of such work goes far beyond understanding

developmental disorders such as congenital heart disease or other

malformations" that appear at birth. Wadman at 180 (citing Neil Hanley,

endocrinologist at University of Manchester). Indeed, "[t]he genes responsible

for soiree diseases of later life, such as Alzheimer's, prostate cancer and Type II

diabetes, may be activated during fetal development." The American Society

for Cell Biology at 2. Research also suggests that schizophrenia may have

origins during early stages of fetal growth. See Thomas R. Insel, M.D.,

Rethinking Schizophrenia, 468 Nature 187, 188 (Nov. 2010). Researchers are

striving to understand these genes, and to either alter their trajectory or

suppress them entirely, and fetal tissue is the only resource available for this

important work. See Wadinan at 180.

-12-
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Fetal tissue is also irreplaceable for developing treatments for infants with

deadly genetic disorders and viruses, including developing therapies that can be

administered in ute~o. See Maxinen at 447-48. The fetal immune system is

particularly vulnerable to viruses, and fetal tissue researchers are working on ways

to cure virus-infected fetuses in ute~o.' In fact, researchers have successfully

used "fetal [cadaver] cells [to] treat another fetus in utero." Hansen at 779. This

work is vital to fetal health because waiting until birth to treat some viruses is too

late; by that point some viruses will cause irreversible, catastrophic harm. See

Ma~nen at 447-48.

All of these "advances have brought us to the point where we no longer

stand by helplessly in the face of fetal malformation, nor are we left impotent

to respond to treatable disorders." Hansen at 775.

The study of fetal blood cells has shown that immune cells present before birth
vary greatly from those present at birth. See M.O. Muench, E.M. Pott Bartsch,
J.C. Chen, J.B. Lopoo & A. Barcena, Ontogenic Changes in CD95 Expression on
Human Leukocytes: Prevalence of T-Cells Expressing Activation Makers and

Identification of CD9S-CD45R0+ T-cells in the Fetus, 27 Dev. Comp. Immunol.

899, 900 (Dec. 2003). As such, studying umbilical cord blood cells is no substitute
for studying fetal cells. Id.
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II. What Laws and Regulations Apply to Using Fetal Tissue for Research?

A. What is the History of Fetal Tissue Research Laws?

American scientists have used fetal tissue in a broad range of research since

the 1930s (discussed infra at Section III); the NIH has funded fetal tissue research

since the 1950s.

Fetal tissue research continued for decades without political or legislative

regulation or interference. But after Roe v. Wade, 410 U.S. 113 (1973), fetal tissue

research became a target for political activism. See L.M. Sanders, L. Giudice &

T.A. Raffin, Ethics of Fetal Tissue Transplantation, 159(3) West J Med. 400, 402-

03 (Sept. 1993). A year after Roe, Congress passed a moratorium on fetal tissue

research for transplantation which remained in place for over fifteen years; other

areas of fetal tissue research were not impacted.

In 1988 under President Reagan, the NIH appointed an advisory panel to

evaluate the "ethical, legal, and scientific issues" surrounding fetal tissue research.

Report of the Advisory Committee to the Director, NIH, Human Fetal Tissue

Transplantation Research at 1 (Dec. 14, 1988) ("Advisory Report"). This

committee was chaired by the Honorable Arlin M. Adams, a retired federal judge

and notably, an opponent of abortion. See James F. Childress, Deliberations of the

Human Fetal Tissue Transplantation Research Panel, Biomedical Politics,
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National Academy Press 215, 218 (1991). After extensive public hearings and

months of deliberation during President George H.W. Bush's administration, this

panel concluded that the use of human fetal tissue in research, following deliberate

abortions, is "acceptable public policy."g Id. at 215 (citing DHHS/NIH, 1988:2)

(emphasis added).

In 1992, Congress passed—with overwhelming bipartisan support9—the

NIH Revitalization Act, which specifically authorized federal funds to be used for

fetal tissue research. See Heather D. Boonstra, Fetal Tissue Research: A Weapon

and a Casualty in the War Against Abortion, 19 Guttmacher Policy Rev. 9, 11

(Feb. 9, 2016). The moratorium was overturned by Executive Order in 1993. See

Sanders at 402.

g The panel also recommended, consistent with rules promulgated by DHHS in
1975, that "the decision and consent to abort must precede discussion of the
possible use of fetal tissue" so that "a woman's abortion decision would be
insulated from inducements to abort to provide tissue for transplant research and
therapy," Advisory Report at 2-3, and that there be a prohibition on "payments .. .
associated with the procurement of fetal tissue ...except payment for reasonable
expenses" to ensure there would be "no offer of financial incentives or personal
gain to encourage abortion or donation of fetal tissues." Id. at 2.
9 The Senate's final vote was 85 to 12, and the House vote was 260 to 148. See
U.S. Senate Roll Call Votes 102nd Congress - 2nd Session (June 4, 1992); Final
Vote Results for Roll Call 147 (May 28, 1992).
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B. What Is the Current Law on Fetal Tissue Research?

Federal and state law operate in tandem in the area of fetal tissue research.

The cut-rent federal law has two main provisions, 42 U.S.C. § 289g-1 and § 289g-2.

The first, section 289g-1, addresses federally funded research on "the

transplantation of human fetal tissue for therapeutic purposes"; the second, section

289g-2, expressly permits clinics and institutions that donate fetal tissue to receive

"reasonable payments associated with the transportation, implantation, processing,

preservation, quality control, or storage of human fetal tissue" for all areas of fetal

tissue research. In addition, researchers may not knowingly acquire fetal tissue

from a pregnancy initiated to provide tissue for research. See 42 U.S.C. § 289g-

2(c)(1).

States regulate fetal tissue research and research for transplantation under

the Uniform Anatomical Gift Act (UAGA), a version of which is in effect in every

state. See Boonstra at 11-12. This is the same law that governs adult organ

transplantation. See Joseph L. Verheijde, Mohamed Y. Rady &Joan L. McGregor,

The United States Revised Uniform Anatomical Gift Act (2006): New Challenges to

Balancing Patient Rights and Physician Responsibilities, 2(19) Philos. Ethics &

Humanit. in Med. at 2 (Sept. 2007). In thirty-eight states and the District of

Columbia, the UAGA "explicitly treats] fetal tissue the same way as other human
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tissue," allowing fetal tissue to be donated by a woman for research, therapy, or

education. Boonstra at 12.10 The other twelve states' laws are silent, neither

allowing nor disallowing fetal tissue donation. Id.

IIL What Role Has Fetal Tissue Research Played in Modern Health?

The list of diseases and health challenges which are now treatable and/or

preventable because of fetal tissue research is long and extraordinary. It includes

polio, rubella, measles, Hepatitis A, chickenpox, adenovirus, rabies, arthritis, cystic

fibrosis, and hemophilia. Potential breakthrough areas include fatal blood diseases

(sickle-cell anemia, aplastic anemia, and leukemia), nervous system disorders

including optic nerve damage, degenerative disorders of the brain, and spinal cord

damage. Hansen at 779.

A. What Role Has Fetal Tissue Research Played in Vaccine
Development?

Vaccines are the key component of modern preventive medicine: "[I]t is

always better to prevent a disease than to treat it after it occurs." CDC, Why Are

Childhood Vaccines So Important? (last updated May 19, 2014). Vaccines have

eradicated or virtually eradicated some of the world's deadliest diseases and have

10 Of these, twelve states explicitly prohibit profiting from donation or transfer of
fetal tissue for research, and eight states require the woman's consent for research.
See Boonstra at 12.
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saved and continue to save millions of lives. Fetal tissue research has played (and

continues to play) a key role in the development of many common, critical

vaccines.l l

The polio vaccine was one of the first. Polio is a highly contagious virus; it

can penetrate the brain and spinal cord, causing paralysis and death. See CDC, A

Polio-Fi°ee U.S. Thanks to Vaccine Efforts (last updated July 27, 2015). Its impact

was felt globally; it infected young and old, rich and poor, powerful and powerless

alike. In the early 1950s, researchers, infecting fetal kidney cells in petri dishes,

were able to grow a sufficient quantity of the virus to harvest and purify for

vaccination. See Rush Holt, Letter on behalf of the American Association for the

Advancement of Science ("AAAS")12 to Chairwoman Marsha Blackburn and

Select Investigative Panel, House Energy and Commerce Committee at 1-2 (Apr.

11 In the early 1930s, researchers developed vaccine candidates "using material
taken from polio-infected monkeys, such as monkey spinal cords. These candidates
proved to be dangerous, sometimes causing paralysis in the limb where the vaccine
was administered .... The trials ceased, and researchers moved on with the goal
of finding another way to grow the virus for vaccine development." The History of
Vaccines, Early Tissue and Cell CultuNe in Vaccine Development (last updated Jan.
4, 2016). Only after they began trials on human embryonic tissue did researchers
find success.
12 AAAS is the world's largest general scientific society and publisher of Science
Magazine. See AAAS Annual Report: Innovation, Information and Imaging at C2
(2015).
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25, 2016) ("Holt Letter").13 The polio vaccine has been heralded globally.

Because of the vaccine, polio has been eliminated in the United States and virtually

eliminated globally, saving over half a million lives. See CDC, APolio-Free U.S.

Thanks to Vaccine Efforts; Jason Beaubien, Wiping Out Polio: How the U.S.

Snuffed Out a Killer, National Public Radio (Oct. 15, 2012).

The rubella vaccine was also developed using fetal tissue. "The most

serious complication from rubella infection is the harm it can cause a pregnant

woman's unborn baby. If an unvaccinated pregnant woman gets infected with

rubella virus she can have a miscarriage, or her baby can die just after birth. Also,

she can pass the virus to her unborn baby who can develop serious birth defects

such as heart problems, loss of hearing and eyesight, intellectual disability, and

liver or spleen damage." CDC, Rubella (last updated Jan. 19, 2016).14 The

13 These researchers, John Enders, Thomas Weller, and Frederick Robbins, won the
1954 Nobel Prize in Physiology or Medicine for their work. See E. Noi-~-by & S.B.
Prusiner, Polio and Nobel Prizes: Looking Back SO Yeas, 61 Ann. Neurol. 3 85,
385 (May 2007).
14 On the heels of a massive rubella epidemic in the 1960s, a researcher isolated the
rubella virus and used fetal tissue to let it replicate. "[T]he virus had been grown
through the cells 25 times at [a] low[] temperature [until] it was no longer able to
replicate enough to cause illness in a living person, but was still able to provoke a
protective immune response." History of Vaccines, Human Cell Strains in Vaccine
Development (last updated June 1, 2016). This vaccine has been in use since 1970,
(Continued... )
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vaccine eliminates the virus' risk to fetuses, "has prevented thousands [ofJ

abortions[,]" and made a normal life possible for those who, if infected, would

have been born with severe disabilities. Meredith Wadman, Medical Research:

Cell Division, 498 Nature 422, 425 (June 26, 2013).

Fetal tissue research is responsible for other vaccines currently used,

including measles, Hepatitis A, chickenpox, shingles, adenovii°us (administered to

all US military recruits), and rabies. See AAMC Statement in Support of Fetal

Tissue Research (Mar. 18, 2016).1 s

B. What Role Does Fetal Tissue Research Play in the Treatment of
Devastating Diseases?

Fetal tissue research has been instrumental not only in preventing illnesses,

but also in treating illnesses. Contributions from fetal tissue research include a

"blockbuster" arthritis drug and therapeutic proteins that fight cystic fibrosis and

hemophilia. See Wadman at 179. Fetal thymus tissue has been successfully used

to treat patients with DiGeorge Syndrome, an immune deficiency caused by the

lack of thymus and parathyroid tissue at birth. See Sanders at 401. Scientists are

and in 2004, the CDC declared rubella eliminated from the U.S. See CDC,
Pregnancy and Rubella (last updated March 31, 2016).
's This list will likely grow. For example, fetal tissue is currently being used to
develop an Ebola vaccine. See AAMC Statement.
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at the clinical trial stage for a potential prenatal stem-cell therapy to

treat osteogenesis imperfectaa debilitating genetic condition also known as or

brittle bone disease.16 See Holt Letter at 2. Early tests conducted in Sweden and

the United Kingdom are promising. Id.

C. Where Is the Future Opportunity For Fetal Tissue Research?

Scientists are confident that fetal tissue is key to more preventive medicine,

new vaccines and identifying treatments for today's most devastating conditions;

research continues, and its course is impacted by global health threats.

Zika, a current global health threat," is "caused by the Zika virus, which is

spread to people primarily through the bite of an infected Aedes species mosquito."

16 "The therapy involves the use of mesenchymal stem cells (MSCs) from donated
fetal liver that is infused through an umbilical vein that directly treats bone
development of the fetus before birth." Holt Letter.
'~ The global media has robust coverage of the Zika threat. See, e.g., Sonja A.
Rasmussen, MD, et al., Zika Virus and Birth Defects Reviewing the Evidence for
Causality (Apr. 13, 2016); Amir Attaran, Off the Podium: Why Public Health
Concerns fog Global Spread of Zika Virus Means That Rio de .Ianei~o's 2016
Olympic Games Must Not P~^oceed, Harvard Pub. Health Rev. Special
Commentary- Zika Virus and Public Health Concerns (May 2016); California
Department of Public Health, Public Health Reports Fist Confirmed Zika Virus
Case AcquiNed Through Sexual Ti^ansmission in California (Mar. 25, 2016);
Donald G. McNeil, Jr., et al., Short Answers to Hard Questions about Zika Virus,
The New York Times (Mar. 18, 2016); Ariana E. Cha &Lena H. Sun, What Is
Zika? And What Are The Risks As It Spreads?, The Washington Post (Feb. 4,
(Continued...)
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CDC, About Zika Virus Disease (last updated May 5, 2016). If a woman contracts

the Zika virus during pregnancy, the infection "can cause a serious birth defect

called microcephaly, as well as other severe fetal brain defects." Id. Scientists are

using fetal tissue to understand both the effect of the virus on pregnant women and

how Zika causes birth defects. Id. "Scientists studying Zika have gathered strong

evidence about the disease and its potential association with birth defects through

fetal tissue analysis." Mark S. DeFrancesco, NID,18 American College of

Obstetrics &Gynecology ("AGOG") Statement In Support of Fetal Tissue

Research, (Mar. 30, 2016) ("AGOG Statement").

Through fetal tissue research, scientists can begin testing potential therapies

and treatments for safety and efficacy. Id. "[W]e must use the full potential of

science, including fetal tissue research, if we hope to develop a vaccine or a

medicine that will allow us to prevent serious birth defects and even deaths in the

future." Id. Just a few weeks ago, Professor Lawrence Goldstein, a neurobiologist

at the University of California, San Diego, School of Medicine, testified before

Congress that not having fetal tissue as a resource to study Zika "would absolutely

2016); David Quammen, Why Zika Virus Is This Year's Scary Virus, National
Geographic (Jan. 28, 2016).
18 Dr. DeFrancesco is the President of AGOG for the ZO15-2016 term. See AGOG
Statement.
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delay [finding a cure]." Mike DeBonis, In First Heaping, GOP Panel Casts Doubt

on Fetal Tissue Research, The Washington Post (Mar. 2, 2016).

With our growing aging population, a cure or treatment for Alzheimer's

disease research is vital. "This devastating disease afflicts millions of Amei°icans

and costs the United States billions of dollars a year in health care costs."

Goldstein Statement at 3; see Harry Johns,19 Testimony before the Fiscal Year

2014 Appropriations for Alzheimer's-Related Activities at DHHS, Subcommittee

on Labor, Health and Human Services, Education and Related Agencies

Committee on Appropriations, United States House of Representatives at 4 (Mar.

13, 2013) ("Johns Testimony"). Research using fetal astrocytes, "which is a

support cell type in the brain[,]" is promising. Goldstein Statement at 4. Professor

Goldstein uses these cells for Alzheimer's research in his own lab: "These fetal

astrocytes provide growth factors that keep nerve cells healthy and other factors

that are not yet defined that help the neurons establish connections and maintain

long-term growth and viability.... The fetal astrocytes are vital to these

investigations, which I think will help conquer the terrible scourge of Alzheimer's

disease." Id. "[M]edical researchers have [also] explored the feasibility of grafted

19 Harry Johns has been the President and CEO of the Alzheimer's Association
since 2005. See Johns Testimony.
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fetal nerve cells to restore damaged neural circuits" in Alzheimer's patients.

Hansen at 778.

Fetal tissue research also holds promise in the treatment of Parkinson's

disease. Parkinson's causes a degeneration of neurons that produce the neuro-

transmitter dopamine, which is crucial for normal movement. Alison Abbott,

Fetal-Cell Revival fog Parkinson's, 510 Nature Int'1 J. of Science 195, 195 (June

12, 2014). Therapies using fetal cells aim "to replace the missing neurons with

dopamine-producing [] cells from fetal brains or with those derived from human

stem cells." Id. Harvard Stem Cell Institute researchers have found that "fetal

dopamine cells transplanted into the brains of patients with Parkinson's disease

were able to remain healthy and functional for up to 14 years, a finding that could

lead to new and better therapies for the illness." Id. To achieve this end, the "fetal

cell is the gold standard." Id. (citing neurologist Claire Henchcliffe, MD from the

Weill Cornell Medical Center in New York).

And fetal tissue research is thought to be critical to developing an

HIV/AIDS vaccine. The portion of NIH funding dedicated to this– more than one

third of NIH funding for fetal tissue research—underscores its importance and

promise. See Boonstra at 10. Due to the flexibility and adaptability of fetal tissue,

and its rich supply of stem cells, researchers have developed a "new generation of
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humanized mice [that] is rapidly opening new opportunities for pre-clinical and

basic HIV research." Paul W. Denton, Ph.D. and J. Victor Garcia, Ph.D., Novel

Humanized Mouse Models for HIV Research, 6 Curr. HIV/AIDS Rep. 1, 19 (Feb.

2009). The accessibility of these models to many investigators will certainly

accelerate HIV/AIDS research. See Wadman at 178-81. The humanized mice are

also key to research into hepatitis B and C; the mice help researchers to understand

"how the viruses evade the human immune system and cause chronic liver

diseases." Id.20

The past successes of fetal tissue research promise future breakthroughs; in

addition to those described above, fetal tissue research has led to investigational

therapies for end stage breast cancer and advances against cardiac causes. See R.

Alta Charo, Fetal Tissue Fallout, 3 70(10) New Engl. J. Med. 890, 891 (Aug. 12,

2016). Fetal pancreatic islet cells are being pursued to treat diabetes. Id. And

future goals for fetal tissue research include combatting ALS, spinal cord injuries,

20 Other NIH-funded fetal tissue grants focus on developmental biology (ranging
from the differentiation of myoblasts (the embryonic precursors to muscle cells) to
development of the urogenital tract to gene activity in cells lining the fetal intestine
that causes excessive intestinal inflammation in babies), eye development and
disease, other infectious diseases, type 1 diabetes, in ute~o diseases, toxic
exposures, and congenital conditions. See NIH Research Portfolio Online
Reporting Tools, Funding: Project Listed by Category (last updated July 8, 2015).
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Medical Director of Family Planning for the Hawaii State Department of Health. 

24. Jennifer Kerns:  Dr. Kerns is an Assistant Professor in the 
Department of Obstetrics, Gynecology and Reproductive Sciences at the 
University of California, San Francisco School of Medicine.  She is also the 
Director of Research of the Women’s Options Center at Zuckerberg San Francisco 
General Hospital.  

25. Antonella Lavelanet:  Dr. Lavelanet is an Instructor of Medicine in 
the Department of Obstetrics and Gynecology at the Boston University School of 
Medicine.  Board certified in obstetrics and gynecology, she also holds a law 
degree and a Master’s degree in public health. 

26. Sylvia Law:  Ms. Law is the Elizabeth K. Dollard Professor of Law, 
Medicine and Psychiatry at New York University School of Law.  In 1984, Ms. 
Law became the first lawyer in the United States selected as a MacArthur Prize 
Fellow.  In 2004, she was elected to the American Academy of Arts and Sciences. 
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27. David H. Ledbetter:  Dr. Ledbetter is the Executive Vice President 
and Chief Scientific Officer of the Geisinger Health System.  He was previously 
the Robert W. Woodruff Professor and Director of the Division of Medical 
Genetics in the Department of Human Genetics at Atlanta’s Emory University 
School of Medicine.  Dr. Ledbetter previously held academic and leadership 
positions at the University of Chicago, the National Center for Human Genome 
Research (now NHGRI) at NIH and Baylor College of Medicine.  

28. Christopher Mason:  Dr. Mason is an Associate Professor in the 
Department of Physiology and Biophysics at the Institute for Computation 
Biomedicine at Weill Cornell Medical College at Cornell University.  He is also a 
WorldQuant Foundation Research Scholar, and an Affiliate Fellow of Genomics, 
Ethics, and Law at the Information Society Project at Yale Law School.  

29. Joseph M. McCune:  Dr. McCune is a Professor of Medicine and 
Chief of the Division of Experimental Medicine at the University of California, 
San Francisco School of Medicine.  He is board certified in internal medicine.  He 
was awarded the Elizabeth Glaser Pediatric AIDS Foundation Scientist Award in 
1996, the Burroughs Wellcome Fund Clinical Scientist Award in Translational 
Research in 2000, a MERIT Award from the NIH in 2001, and the NIH Director’s 
Pioneer Award in 2004.  

30. Marcus Muench:  Dr. Muench is a Senior Scientist in the Cell 
Therapy Core at the Blood Systems Research Institute in San Francisco, focusing 
on the development of new cellular therapies, mostly for prenatal and neonatal 
transplantation.  

31. David Mutch:  Dr. Mutch is the Ira C. and Judith Gall Professor of 
Obstetrics and Gynecology and the Vice Chair of Gynecology at the Washington 
University in St. Louis, School of Medicine.  He is on the Editorial Board of 
Gynecologic Oncology and Journal of the Society of Gynecologic Investigation. 

32. Kim Mutcherson:  Ms. Mutcherson is a Professor and the Vice Dean 
at Rutgers Law School.  She has been a fellow with the Rutgers Institute for 
Research on Women/Institute for Women’s Leadership Interdisciplinary Seminar 
on Health and Bodies and a board member for the Women’s Law Project in 
Philadelphia. 

33. Vivek R. Nerurkar:  Dr. Nerurkar is a Professor and Chair of the 
Department of Tropical Medicine, Medical Microbiology and Pharmacology and 
the Director of the Biocontainment Facility at the University of Hawaii John A. 
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Burns School of Medicine.  Dr. Nerurkar’s major area of research interest is in 
infectious diseases. 

34. Mark Nichols:  Dr. Nichols is a Professor in Obstetrics and 
Gynecology at Oregon Health and Sciences University, where he previously served 
as the Chief of the Division of General Gynecology and Obstetrics for 25 years.  
He served as the Medical Director of Planned Parenthood of the 
Columbia/Willamette (PPCW) for 19 years.  He has worked with several NGOs in 
family planning programs internationally and most recently served as a Visiting 
Professor in the Obstetrics and Gynecology Department at Mekelle University, 
Ethiopia. 

35. Siripanth Nippita:  Dr. Nippita is an Instructor in Obstetrics, 
Gynecology, and Reproductive Biology at Harvard Medical School and serves as 
the Director of the Ryan Residency Training Program at Beth Israel Deaconess 
Medical Center.  

36. Robert Nussbaum:  Dr. Nussbaum, a board certified internist and 
medical geneticist who specializes in the care of adults with hereditary disorders, 
was for nine years the Holly Smith Professor of Medicine and Chief of Genomic 
Medicine at University of California, San Francisco (USCF) Medical Center until 
August 2015 when he transitioned to emeritus status and became Chief Medical 
Officer at Invitae.  Prior to joining UCSF, Dr. Nussbaum was chief of the Genetic 
Disease Research Branch of the National Human Genome Research Institute.  

37. Paul Offit:  Dr. Offit is the Director of the Vaccine Education Center 
and a Professor of pediatrics in the Division of Infectious Diseases at The 
Children’s Hospital of Philadelphia.  He is the Maurice R. Hilleman Professor of 
Vaccinology at the Perelman School of Medicine at the University of 
Pennsylvania.  Dr. Offit was a member of the Advisory Committee on 
Immunization Practices to the Centers for Disease Control and Prevention.  

38. David Orentlicher:  Dr. Orentlicher is Samuel R. Rosen Professor 
and Co-Director of the Hall Center for Law and Health at the Indiana University 
Robert H. McKinney School of Law.  He is also an Adjunct Professor of Medicine 
at Indiana University School of Medicine.  Dr. Orentlicher previously served as 
Director of the Division of Medical Ethics at the American Medical Association 
for six-and-a-half years and was a member of the Indiana House of Representatives 
from November 2002 to November 2008.  
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39. Harry Ostrer:  Dr. Ostrer is a Professor of Pathology and Pediatrics 
at the Albert Einstein College of Medicine, with research focusing on the use of 
modern genomics to help understand the roles of human genetic variation in the 
progression of disease and the individual responses to therapies.  

40. Maureen Paul:  Dr. Paul is Director of the Family Planning Division 
at Beth Israel Deaconess Medical Center in Boston, and Associate Professor in the 
Department of Obstetrics, Gynecology and Reproductive Biology at Harvard 
Medical School.  She previously served as Medical Director at Planned Parenthood 
affiliates in Massachusetts, San Francisco, and New York City, where she oversaw 
the affiliates’ clinical, training and research programs.  She currently serves on the 
Board of Directors for the Society of Family Planning. 

41. Sarah Prager:  Dr. Prager is an Associate Professor in the 
Department of Obstetrics and Gynecology at the University of Washington School 
of Medicine, where she is also the Director of the Family Planning Division and 
Family Planning Fellowship.  She is board certified with the American Board of 
Obstetrics and Gynecology. 

42. Maura Quinlan:  Dr. Quinlan is an Assistant Professor in Obstetrics 
and Gynecology at the Northwestern University Feinberg School of Medicine.  She 
is also Chair, Illinois Section of the American Congress of Obstetricians and 
Gynecologists (ACOG). 

43. Radhika Rao:  Ms. Rao is a Professor of Law at the University of 
California, Hastings College of the Law, where she teaches and writes in the areas 
of biolaw, constitutional law, comparative constitutional law, and property.  Ms. 
Rao was a member of the California Advisory Committee on Human Cloning, and 
currently serves as a member of the California Human Stem Cell Research 
Advisory Committee.  She previously clerked for Judge Cudahy at the United 
States Court of Appeals for the Seventh Circuit and Justices Harry Blackmun and 
Thurgood Marshall at the United States Supreme Court. 

44. Hope Riccioti:  Dr. Ricciotti is both Chair and Residency Program 
Director in the Department of Obstetrics and Gynecology at Beth Israel Deaconess 
Medical Center in Boston and is an Associate Professor at Harvard Medical 
School.  Dr. Ricciotti is co-chair of the Resident as Teacher Interest Group for the 
Harvard Medical School Academy, the obstetrician/gynecologist Clerkship 
Committee chair for Harvard Medical School, and a member of the Harvard 
Medical School Curriculum Committee. 
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45. John A. Robertson:  Mr. Robertson is the Vinson and Elkins Chair at 
The University of Texas School of Law at Austin.  He has served on or been a 
consultant to many national bioethics advisory bodies, and is currently Chair of the 
Ethics Committee of the American Society for Reproductive Medicine.  He was a 
member of the National Institutes of Health Panel on Fetal Tissue Transplantation 
Research. 

46. M. Elizabeth Ross:  Dr. Ross is the Nathan Cummings Professor of 
Neurology and Neuroscience at Weill Cornell Medical College, where she also 
directs the Center for Neurogenetics in the Brain and Mind Research Institute, 
which supports research into the genetic causes of neurological disorders in 
children and adults.  

47. Jennifer Salcedo:  Dr. Salcedo is the Associate Residency Program 
Director and Family Planning Course Director in the Obstetrics & Gynecology 
Department at the University of Hawaii, where she also serves as an Associate 
Professor.  

48. Robert Schwartz:  Mr. Schwartz is a Senior Visiting Professor at 
University of California, Hastings College of the Law and a Visiting Professor 
(Psychiatry) at University of California, San Francisco.  He is also Weihofen 
Professor of Law Emeritus at the University of New Mexico.  He was President of 
the ACLU of New Mexico from 1995 to 2000, and has served as Chair of New 
Mexico’s Health Policy Commission and General Counsel to the State’s Human 
Services Department.  He began his legal career as law clerk to the High Court of 
American Samoa in Pago Pago.  

49. Nathaniel Snyder:  Dr. Snyder is an Assistant Professor at the A.J. 
Drexel Autism Institute.  He uses fetal tissue in his research on identifying and 
measuring modifiable risk factors for autism spectrum disorder.  Dr. Snyder staffs 
the Exposure Science Lab at the Autism Institute. 

50. Reni Soon:  Dr. Soon is an Assistant Professor in the Department of 
Obstetrics, Gynecology, and Women’s Health at the University of Hawaii John A. 
Burns School of Medicine, where she is also the Co-Director of the Fellowship in 
Family Planning.  She is the Hawaii Medical Director at Planned Parenthood. 

51. Phillip Stubblefield:  Dr. Stubblefield is Emeritus Professor of 
Obstetrics and Gynecology at the Boston University School of Medicine.  He has 
maintained an association with the Planned Parenthood League of Massachusetts, 
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serving as Board Member, Board President, and most recently as Interim Medical 
Director. 

52. Jennifer Tang:  Dr. Tang is an Assistant Professor in the Division of 
Global Women’s Health in the Department of Obstetrics & Gynecology at the 
University of North Carolina.  She has been based at UNC Project-Malawi in 
Lilongwe, Malawi since August 2012 and is an Honorary Lecturer in the 
Department of Obstetrics and Gynecology at the Malawi College of Medicine.  
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The American Association for the Advancement of Science (AAAS) is the world’s largest 

general scientific society and publisher of the journal Science (www.sciencemag.org) 

as well as Science Translational Medicine, Science Signaling, a digital, open-access 

journal, Science Advances, and beginning in 2016, two new journals—Science Robotics 

and Science Immunology. AAAS was founded in 1848 and includes some 250 affiliated 

societies and academies of science, serving 10 million individuals. Science has the largest 

paid circulation of any peer-reviewed general science journal in the world. The non-profit 

AAAS (www.aaas.org) is open to all and fulfills its mission to “advance science and serve 

society” through initiatives in science policy, international programs, science education, 

public engagement, and more. For the latest research news, log onto EurekAlert!  

(www.eurekalert.org), the premier science-news website, a service of AAAS.
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Through microscopes and telescopes, 
new scientific and engineering insights allow us to see 
worlds we never knew existed, and drive innovation 
to improve people’s lives. The blurry microscopes of 
the 1920s gave way to a revolution in imaging that 
vividly revealed 46 human chromosomes, making it 
possible to identify the cause of genetic conditions 
such as Down’s syndrome. The sequencing of the 
human genome, coupled with the power of computer-
generated pattern recognition, uncovered the genetic 
flaws that cause diverse childhood leukemias, many of 
which are now treatable.

AAAS and the Science family of journals are working 
to further such scientific progress by advocating for 
the research enterprise, and by bringing scientists 
and engineers together worldwide to address 
urgent societal concerns. As part of an ambitious 
Transformation Initiative, AAAS in 2015 began 
focusing more intensively on advocacy and service to 
members. We spoke out against barriers to women 
in science, for example, and we helped scientists 
and engineers more effectively communicate key 
scientific findings. We also worked to improve science 
education, and we engaged directly with the public, 

through such events as Family Science Days. AAAS 
has transformed its journals, too, by adopting digital-
first strategies to enhance scientific communication. 
Trellis, a new digital communication and collaboration 
platform, is being developed to make it easy for 
individuals, collaborations, and organizations to work 
together and share scientific information.

AAAS exerts a unique influence by informing the 
public and our representatives about the importance 
of science to our nation and the world. As part of 
those efforts, the association advocates for science 
diplomacy and international research collaboration 
while promoting inclusiveness and diversity in science. 
In 2015, for instance, the association administered 
travel awards for women scientists participating in 
an international Gender Summit, through a National 
Science Foundation (NSF) program, Mentoring 
Women in International Research Collaborations 
(MWIRC) in STEM. Also in 2015, AAAS built upon its 
historic 2014 agreement with the Cuban Academy 
of Sciences. Collaboration across three fields of 
neuroscience, supported by the Lounsbery Foundation 
and others, will result in a scientist-exchange program 
between the two countries (see pages 12-13).

20 
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To further encourage inclusiveness and reward 
innovation globally, AAAS in 2015 launched the Marion 
Milligan Mason Awards, honoring early-career women 
in the chemical sciences (page 31), and it again 
administered the Global Innovation through Science 
and Technology (GIST) competition, a U.S. State 
Department effort to encourage young entrepreneurs 
(13). AAAS provided essential recognition for talented 
journalists who communicate scientific advances and 
issues to the public, too: For the first time since 1945, 
the historic AAAS Kavli Science Journalism Awards 
program (9 and 35) expanded to accept international 
entries, thanks to a generous doubling by The Kavli 
Foundation of the program’s endowment. The AAAS 
Mass Media Science and Engineering Fellows program, 
dating to 1974, also continued to promote excellence 
in science journalism, by dispatching science and 
engineering scholars to newsrooms (27).

Communicating the scientific reality of global 
climate change was the focus of a policy briefing on 
Capitol Hill and a related AAAS symposium, hosted 
by the Carnegie Institution for Science. “Climate 
Science, 50 Years Later,” supported by the American 
Meteorological Society and the Linden Trust for 
Conservation, commemorated the 50th anniversary 
of the first official climate-change warning to a U.S. 
President and reaffirmed the 2014 AAAS What We 
Know report. The symposium also marked the launch 
of the Alan I. Leshner Leadership Institute, which 
announced the first cohort of 15 fellows—all climate 
scientists with an interest in promoting science-society 
dialogue. The Leshner Leadership Fellows will be 
supported by the AAAS Center for Public Engagement 
with Science and Technology, and the association’s 
popular Communicating Science workshops, which 
have provided training for more than 6,700 scientists 
and engineers since 2008 (9).

AAAS advocacy work in 2015 included strong 
opposition to ideological attacks on climate-change 
scientists and their findings, a call for research to 
better understand the root causes of gun violence, 
media interviews on the value of federal investments 
in science, and more (4-7). Our advocacy efforts were 
bolstered by programs that help to bring scientific 
insight to the policymaking process. These included the 
association’s well-respected analysis of U.S. research 
and development funding trends (18), and the AAAS 
Science & Technology Policy Fellowships, which in 
2015 sent 280 scientists and engineers to work with 
Congress and many executive-branch agencies or 
departments as well as the Bill and Melinda Gates 
Foundation (15). To prepare the next-generation of 
civic-minded innovators, AAAS also supported a wide 
range of capacity-building programs, from efforts to 
improve K-12 science curriculum, to the NSF’s Emerging 
Researchers National Conference in STEM (24-27).

In 2015, scientific reports published by the growing 
Science family of journals—including Science 
Translational Medicine, Science Signaling, the open-
access journal Science Advances, and coming soon, 
Science Robotics and Science Immunology—described 
a promising new melanoma vaccine trial, an enhanced 
lithium-air battery design, genetic tools to combat 
elephant poaching, a new hominin mandible that 
raised fascinating questions about human evolution, 
and much more. (Incidentally, a 2015 Science 
Advances study on the sixth mass extinction made 
its way into the top 5% of all research outputs ever 
tracked on Altmetric.com, a metrics reporting site 
for scholarly content.) Every member of AAAS plays 
an integral role in accelerating such advances, by 
supporting the association’s nonprofit programs, 
advocacy work, and scientific communication. AAAS 
members and donors allow us to serve as a voice and 
force for science worldwide, helping us to advance 
science in service to society.

Gerald R. Fink
AAAS Chair (2015-2016)
Margaret and Herman Sokol  
Professor of Genetics,  
Massachusetts Institute of  
Technology/Whitehead Institute

Rush D. Holt
AAAS CEO and  
Executive Publisher  
of the Science Family  
of Journals 
(PHOTO: CHET SUSSLIN/NATIONAL JOURNAL)

Vitamin C ascorbic acid crystals displayed  
on a microscope glass slide.

PHOTO: ADOBE STOCK IMAGES
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Advocacy for the Scientific Enterprise 
21 April. In a letter to U.S. policymakers, AAAS 
expressed concern about the America COMPETES Act, 
noting that it did not follow key principles for steady 
and sustained real growth in the major federal research 
agencies. AAAS had earlier teamed up with other 
organizations to develop a set of Guiding Principles 
for reauthorization of the COMPETES Act. The AAAS 
letter urged policymakers to reconsider language that 
seemed to restrict the National Science Foundation’s 
ability to build new major research facilities, 
while barring Department of Energy-supported 
research from being used in evidence-based federal 
policymaking.

21 April. Responding to a U.S. Government 
Accountability Office report on the detrimental 
impacts of policies that have prevented many federal 
employees from participating in scientific conferences, 
AAAS and dozens of other leading organizations 
decried the restrictions: “Current policies are reducing 
government scientists’ and engineers’ participation 
in scientific and technical conferences while the 
administrative cost of overseeing these activities 
has increased significantly,” the group wrote to top 
policymakers.

27 April. AAAS President Geraldine Richmond 
expressed deep concerns about unintended 

AAAS continued in 2015 to advocate for the scientific enterprise through testimony, 

letters to policymakers, op-ed articles, and other outreach efforts. In particular, 

the association urged adequate, sustained U.S. federal support for research and 

development; action to address global climate change; broader international 

research cooperation; advances in science education; and more.

Public Statements  
on Key Issues

20 
1 5

B-6

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 11 of 461
(56 of 506)



5INNOVATION, INFORMATION, AND IMAGING

consequences of the Secret Science Reform Act of 
2015, in a letter to policymakers. Language in the 
legislation would prevent the Environmental Protection 
Agency from using research conducted during one-
time events such as the Deepwater Horizon oil spill, 
she noted. The legislation would also require a level 
of reproducibility that would be impossible for very 
long-term studies, which are usually tested and 
verified using statistical modeling. While transparency 
and high research standards are essential, Richmond 
said, unrealistic requirements could have a chilling 
effect on research, and increase costs. Earlier in 2015, 
AAAS and more than two-dozen other organizations 
sent a similar letter to the U.S. House Majority Whip. 
Richmond also wrote to the Chairman of the House 
Science, Space, and Technology Committee about the 
same issue.

1 June. Gerry Fink, AAAS chair, wrote to policymakers 
to oppose appropriations language that singled out 
four National Science Foundation (NSF) research 
directorates for increased funding, yet left out the 
important work of the Geosciences and Social, 
Behavioral and Economic Sciences area. Fink 
referenced the AAAS Geospatial Technologies Project 
as an example of exemplary work in the overlooked 
fields. Such projects “provide critical information on 
the impact of remote, isolated conflicts on civilians; 
a host of human rights violations; damage to sites of 
cultural heritage; environmental and social justice 
issues; cross-border conflicts; and indigenous rights,” 
Fink pointed out.

19 June. The 21st Century Cures Act was commended 
by the AAAS chair, in a letter to members of the House 
of Representatives. The legislation “authorizes roughly 
$1.5 billion in increases over three years and creates an 
Innovation Fund of $2 billion per year over five years,” 
significantly supplementing regular appropriations 
to the U.S. National Institutes of Health (NIH), Gerry 
Fink noted. “Robust, sustained funding for NIH is the 
pathway to progress.”

25 October. AAAS CEO Rush Holt appeared on 
MSNBC’s “Up With Steve” program, arguing for more 
sustained, robust U.S. federal funding for science and 
technology. “In every area of human welfare, there are 
real gains to be made” through scientific research, Holt 
said. “We are nowhere close to investing as much as we 
could productively invest.”

11 November. In an op-ed for New Scientist, the AAAS 
CEO urged policymakers to “unshackle U.S. science,” 
by dropping spending caps that were suppressing 
funding for research and development. “Science and 
technology are the wellspring of innovation, new 
jobs and economic progress, but the United States is 
underinvesting in them,” Rush Holt wrote. A bipartisan 
budget deal reached in late October provided much-
needed relief for federal science agencies, he noted. 
However, the deal was set to expire after two years, 
meaning that it was only a temporary solution to the 
spending caps known as “sequestration,” which took 
effect in 2013.

Communicating Climate Science
29 October. Five decades after the first official 
climate-change warning to a U.S. President, and 
shortly before a historic summit in Paris, AAAS 
organized a daylong symposium and a related 
policymaker briefing to call for action. “Climate 
Science, 50 Years Later” featured presentations by 
more than a dozen prominent scientists who described 
the impacts of climate change, based on scientific 
evidence, and evaluated options for the future. “The 
climate is changing at a pace and in a pattern that 
is not explainable by natural influences,” said John 
P. Holdren, a past AAAS president who serves as 
Assistant to the President for Science and Technology 
and Director of the White House Office of Science 
and Technology Policy. “We know that with global 
temperature about 0.9 degrees Celsius above pre-
industrial temperatures, these changes are already 
causing significant harm to life.”

24 November. AAAS and seven other leading 
organizations expressed “grave concern” about a 
Congressional inquiry that unfoundedly called into 
question the integrity of federal scientists whose 
research, published in Science, seemed to debunk 
claims of a global-warming slowdown or “hiatus.” 
In a letter to Rep. Lamar Smith (R-Texas), chairman 
of the House Committee on Science, Space, and 
Technology, the group acknowledged the importance 
of appropriate congressional oversight of federally 
funded research, but emphasized that “scientists 
should not be subjected to fraud investigations or 
harassment simply for providing scientific results that 
some may see as politically controversial.”
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7 December. As members of the Senate Committee 
on Commerce, Science, and Transportation prepared 
for a hearing on the magnitude of human impacts on 
the Earth’s climate, the AAAS chair sent a letter to 
Capitol Hill, confirming the scientific consensus on 
the reality of human-caused climate change. “Climate 
change is occurring, and rigorous scientific research 
demonstrates that the greenhouse gases emitted by 
human activities are the primary driver,” Gerry Fink 
wrote, referencing an earlier statement of the AAAS 
Board of Directors.

Gun-Violence Research
3 December.  In response to news headlines about 
mass shootings, AAAS once again called for a better 
understanding of the root causes of gun violence by 
freeing up research funding for the U.S. Centers for 
Disease Control and Prevention. The research funding 
had been essentially frozen for two decades. “It is time 
for Congress to approve sensible steps to study gun 
violence as a public health issue,” the AAAS CEO said. 
“Quite aside from the ongoing political debates over 
gun control, it is essential that unbiased scientific 
research be used to gather data on this spreading 
epidemic that claims so many lives each year. The 
epidemiology of gun violence has been underfunded 
for far too long.” Holt added that there also is a role for 
science to play in providing technological solutions 
to gun violence, including safer guns that can only be 
fired by authorized users.

International Engagement
19 August. Marty Moss-Coane, whose popular public 
radio program offers insights on an eclectic range 
of topics, spoke with the AAAS CEO and then Chief 
International Officer Vaughan Turekian about the U.S.-
Iran nuclear agreement, Cuba, climate change, Ebola, 
and more. The conversation, which aired on WHYY’s 
RadioTimes program, also included historian Audra 
Wolfe. Scientific progress “depends on the free flow 
of ideas, and evidence-based thinking is central to it,” 
CEO Rush Holt said. “Those things have democratizing 
and civilizing effects. Science can actually advance 
diplomacy and improve political and diplomatic 
relations.”

11 September. Science diplomacy was also the focus 
of a Science Friday segment in which host Ira Flatow 
interviewed the AAAS CEO and the Chief International 
Officer. CEO Holt, who had earlier joined other leading 
physicists in signing a letter to President Obama 
that endorsed the Iran Nuclear Deal, noted that 
being a scientist comes with both benefits and civic 
obligations to communicate science to the public, and 
to policymakers.

Science Education For All
25 September. The world needs talented scientists 
to solve the problems of the 21st century, but talent 
is wasted when women and minorities face obstacles 
that keep them out of the field, said Shirley Malcom 
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of AAAS, in a live-streamed TEDxMidAtlantic talk. 
Malcom, who also serves as co-chair of the Gender 
Advisory Board of the United Nations Commission 
on Science and Technology for Development, and 
of Gender InSITE, called for Americans to recognize 
that talent can come from “every nook and cranny 
of this country,” and to value diverse perspectives in 
the sciences. “Today, in 2015, we have got to make a 
decision as a nation,” she said. “Do we choose to use 
the talent that is available, or do we choose to give in to 
the stereotypes about who does or does not belong?”

7 December. With the U.S. Supreme Court set to 
hear arguments on a case challenging the use of 
race-conscious admissions at the University of Texas 
at Austin, AAAS joined the American Educational 
Research Association (AERA) and nine other 
organizations in filing an amicus curie (or “friend of the 
court”) brief, noting that “student body diversity leads 
to significant educational benefits and prevents the 
harms of social isolation.” Shirley Malcom, director of 
Education and Human Resources at AAAS, also took 
part in a media briefing organized by the AERA.

Scientific Rights, Responsibilities, and Freedoms
31 March. In response to news headlines regarding 
challenges to the integrity of science, AAAS reaffirmed 
its commitment to robust, independent peer review 
as well as the sharing of research results through 
publications and public discourse, in accordance with 
well-crafted transparency policies and procedures. 
“AAAS remains dedicated to promoting the 
responsible conduct and use of science, and it asks 
individual scientists and engineers to remain vigilant in 
ensuring the transparency of the scientific enterprise,” 
the AAAS CEO wrote in a statement.

Women in Science
13 August. Institution leaders and others in the 
science community must do more to create welcoming 
environments for women, minorities, and other 
underrepresented groups, and “call out unfairness 
whenever and wherever it appears,” the AAAS director 
of Education and Human Resources wrote in a Science 
editorial. “The science community prizes objectivity, 
but research indicates that this isn’t necessarily 
reflected in the behavior and choices of scientists,” 
Shirley Malcom wrote. She noted that AAAS and the 
Science family of journals were looking internally to 
make improvements, while also looking outward to 
society colleagues so as to evaluate larger structural 
barriers to equality and diversity in science. 

4 November. In response to a letter from U.S. 
Representative Jackie Speier (D-California), who 
had expressed concerns about gender bias, sexual 
harassment, and assault against women in science 
across the community, AAAS President Geraldine 
Richmond announced that AAAS would play a 
leadership role in combating such injustices. Noting 
that such cases are “abhorrent, unacceptable, and 
inconsistent with the long-standing values of AAAS,” 
Richmond announced that the association would 
organize a national Forum on Implicit Bias in Peer 
Review, to encompass grant-making and publication. 
She also described a wide range of long-standing 
AAAS efforts to advance the careers of women in 
STEM fields. 
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2015 Annual Meeting
Advances in imaging technology and information 
analysis are increasing the speed of scientific discovery, 
from light-activated proteins that make neural 
pathways visible, to 3-D printing of fossil artifacts that 
facilitate shared exploration of evolutionary advances. 
These and many other developments were explored 
in the public lectures and technical sessions during 
the 181st AAAS Annual Meeting, organized around the 
theme, “Innovation, Information, and Imaging.”

Held for the first time in San Jose, California, the 12-
16 February meeting drew more than 9,800 attendees, 
including researchers, journalists, and students. 
AAAS’s Family Science Days, two days of free hands-on 

activities and demonstrations for children and adults, 
attracted more than 5,000 people. 

Massachusetts Institute of Technology geneticist 
and then AAAS President Gerald Fink described during 
his presidential address how human chromosomes 
were initially miscounted when researchers first viewed 
their fuzzy outlines under a microscope. Improved 
imaging revealed their actual number as well as the 
small defects that can lead to disease. Later, geneticists 
learned that only 2% of genes are actively used to 
make proteins, while the function of the other 98% 
remains a mystery, he said. 

“That new vision is exciting because it reveals 
an unknown world that stimulates our curiosity 

AAAS multiplies the impact of research by communicating information about scientific advances 

and promoting scientific knowledge among audiences worldwide. Each year, AAAS hosts the 

world’s largest general-science meeting, attracting researchers, policymakers, journalists, and 

families. It shares information on the latest advances with media, provides communication 

training to scientists and engineers, and promotes collaboration among researchers across 

disciplines and borders. 

Communication and 
Public Engagement

20 
1 5
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and spawns new fields,” Fink said. “But it’s also 
threatening because a new picture can destroy our past 
understanding of our universe, a universe we thought 
we understood only yesterday.”

 
50 Years of Communicating  
About Climate Change 
In a continuation of the “What We Know” climate-
change communication series launched in 2014 
(whatweknow.aaas.org), AAAS and the Carnegie 
Institution for Science organized a scientific 
symposium marking the 50th anniversary of the 
first official warning about climate change to a U.S. 
president. More than a dozen prominent scientists 
discussed climate-change impacts, including habitat 
loss and increased extreme-weather events, and how 
to best respond to, and communicate about these 
challenges.

In 1965, President Lyndon Johnson’s science 
advisors issued a report saying that the accumulation 
of atmospheric carbon dioxide from the burning of 
fossil fuels would “almost certainly cause significant 
changes” to the environment. By 1990, “We really knew 
enough scientifically to justify the kinds of actions that 
we’re only now talking about today 25 years later,” said 
John P. Holdren, Assistant to the President for Science 
and Technology, and Director of the White House Office 
of Science and Technology.

Following the symposium, supported by the 
American Meteorological Society and the Linden 
Trust for Conservation, AAAS organized a briefing for 
legislators in the U.S. Capitol Senate Visitors Center, in 
conjunction with Sen. Ed Markey (D-Mass.). AAAS also 
provided live video of the symposium, which celebrated 
the launch of the Alan I. Leshner Leadership Institute. 
The first 15 Leshner fellows are all climate scientists 
and communicators.  

AAAS Kavli Science Journalism Awards
The 2015 AAAS Kavli Science Journalism Awards 
marked the first time in the program’s 70-year history 
that entries were accepted from journalists around 
the world. Almost 40% of all submissions were from 
international reporters, with a comparable number of 
international winners. The Kavli Foundation made the 
change possible by doubling the endowment that funds 
the awards program.

Independent panels of science journalists selected 
the two best examples of science reporting for a 
general audience in eight categories. Winning stories 
were published or broadcast by The New York Times, 
Baltimore Sun, PBS NewsHour, Le Monde, Nature, 
Minnesota Public Radio, and other media outlets. 
The prizes, $5,000 for a gold award, and $3,500 for a 
silver award, were given out at the 2016 AAAS Annual 
Meeting in Washington, D.C. 

Communication Tools for  
Scientists & Engineers
AAAS is providing tools for scientists and engineers 
who want to more effectively communicate about their 
research and its implications. More than 1,500 of them 
were trained and given a chance to practice, during 
AAAS Communicating Science workshops held in 2015.

Staff in the Center for Public Engagement with 
Science and Technology organized 33 workshops and 
17 invited talks, which were held at universities and 
government agencies, and at business and professional 
meetings. Workshop leaders taught participants to 
use different communication tools to engage a variety 
of audiences, including the public, reporters, and 
policymakers. They then had opportunities to refine 
their messages and build confidence through small-
group discussions and practice. 

Visitors at the 2015 Family Science Days explored scientific 
phenomena and met a diverse range of scientists and  
engineers, from anthropologists to zoologists.

 PHOTO: ©2015 ATLANTIC PHOTO—BOSTON

The 2015 Communicating Science Seminar at the AAAS Annual 
Meeting connected scientists and public-engagement experts.

PHOTO: ©2015 ATLANTIC PHOTO—BOSTON
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The Center also organized two communication 
seminars during the 2015 Annual Meeting that 
drew about 300 attendees. During “Scientists 
Communicating Challenging Issues,” presenters offered 
social science research about why some scientific 
issues, like climate change, are prone to controversy, 
and how scientists can navigate those tensions. A 
second workshop, entitled “Public Engagement for 
Scientists: Realities, Risks, and Rewards,” also drew on 
research to explore the methods and possible results of 
public outreach. 

The Communicating Science program has reached 
more than 6,700 scientists and engineers since it was 
founded in 2008. 

EurekAlert! Reaches Out Worldwide
EurekAlert!, the AAAS-operated science news service, 
continued to expand its international reach in 2015. 
It saw a dramatic increase in news releases from 
Japanese universities and science institutions after 
EurekAlert! staff visited several institutions in Japan. 
The staff also promoted an updated English-Japanese 
website. Afterward, Japanese institutions used the site 
to post four times more often than in 2014, and visits 
to the bilingual site more than quadrupled.

EurekAlert! also offered its first international 
training for public information officers, in collaboration 
with the Chinese Academy of Sciences. The training, 
held in Chengdu, China, helped communicators 
practice linking their news to issues of interest to 
international reporters and audiences. 

The EurekAlert! service provides free access to 
news about research in science, health, medicine, and 
technology to about 12,000 journalists worldwide.

AAAS Colloquium Series Takes Off 
As part of the association’s ongoing Transformation 
Initiative, AAAS launched a new Colloquium Series, 
organized by staff volunteers, to provide a forum 
for exploring topics relevant to science and society. 
Initial Colloquium Series lectures, intended to engage 
staff, AAAS members, and the public, featured topics 
ranging from the state of Iranian science—the focus 
of a Science news feature by journalist Richard 
Stone—and the destruction of cultural heritage in 
Syria and Iraq, to U.S. science policy challenges and 
opportunities, and more.

Trellis: Increasing Research Collaborations
Research efforts increasingly cross disciplines, and 
they rely upon collaborations between institutions 
and across international boundaries. Some 80% of 
AAAS members surveyed said they wanted better 
ways to connect with other scientists online. In 
response, AAAS launched an online communication 
and networking platform called Trellis to promote 
discussions and research collaborations. A beta 
version of the website went live in December 2014, 
and added 5,700 users in 2015. 

AAAS will also begin training community 
managers—people who can help facilitate 
collaborations between researchers within and 
outside their fields using platforms such as Trellis. 
Using a $773,000 grant from the Alfred P. Sloan 
Foundation, the AAAS Community Engagement 
Program will begin a one-year pilot program to train as 
many as 18 fellows in 2017. 

In October, Brian Lin of EurekAlert! at AAAS (standing) worked with 
public information officers who tried their hands at writing news 
headlines, at the first EurekAlert! seminar held in China.

 PHOTO: CHINESE ACADEMY OF SCIENCES
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Scientific Drivers for Diplomacy
The AAAS Center for Science Diplomacy continues 
to promote international engagement to facilitate 
research, and to leverage research as a way to bring 
together countries to address broader issues.

“The principles of science—transparency, open 
communication, and evidence-based thinking—go 
a long way to diffusing difficult situations, breaking 
through barriers, and developing relationships,” said 
Rush Holt, CEO of AAAS, in an address at the first 
annual conference on science diplomacy, held at 
AAAS headquarters in April. More than 200 people 
participated, including representatives from the U.S. 
Department of State and other federal agencies, 

UNESCO, The World Academy of Sciences, and the 
Academy of Sciences of Cuba.

Conference panelists discussed the need for trans-
boundary cooperation and information-sharing to 
address public health and environmental issues, such 
as cholera outbreaks, biodiversity loss, and climate 
change. Participants also related ways to foster 
cooperation during times of political strain, by working 
with shared resources, and the roles of institutions and 
networks in science diplomacy.

First Poland-U.S. Science Award
Two structural biologists who worked to develop AIDS 
treatments were honored with the first Poland-U.S. 

AAAS promotes the use of science and engineering to address challenges that span regions and 

cross disciplines. It has forged new international relationships, supported research collaborations, 

and encouraged innovation in developing countries. AAAS serves as a resource for science 

diplomacy training, and provides a forum for finding new ways to use science and engineering to 

connect nations. 

International Engagement
20 
1 5
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Science Award in April 2015. The award, established 
in 2013, is given to a pair of scientists working in 
Poland and the United States for outstanding scientific 
achievements resulting from their collaboration. AAAS 
and the Foundation for Polish Science will grant the 
award every two years.

Prof. Mariusz Jaskólski of Adam Mickiewicz 
University in Poznań, Poland, and Dr. Alexander 
Wlodawer of the National Cancer Institute began 
working together in 1988 to understand the structure 
of retroviral proteins. That work led to the development 
of the first protease-oriented drugs for AIDS patients. 
Their continued collaboration has generated 37 joint 
publications to date.

Science Diplomacy Boot Camp
The second annual Course on Science and Diplomacy 
was held in June in Trieste, Italy, drawing together 
participants from 30 countries. The week-long 
meeting, organized by the AAAS Center for Science 
Diplomacy and The World Academy of Sciences 
(TWAS), provided science diplomacy training to 56 
researchers and administrators. 

The attendees learned how science diplomacy 
can be carried out, how to educate the public and 
policymakers about risks, and how some countries are 
already using science diplomacy. 

Sir Peter Gluckman, science advisor to New 
Zealand’s prime minister, delivered the Paolo Budinich 
Lecture as part of the course. New Zealand is an 
example of how smaller countries can use their 
strengths in scientific research to gain global influence 
and advance their own policy interests, Gluckman said. 

The 2015 AAAS-TWAS course was sponsored by the 
Golden Family Foundation, the Organization for Women 
in Science for the Developing World, the Swedish 
International Development Cooperation Agency, and 
the U.S. Agency for International Development. 

U.S. and Cuban Researchers Begin  
Neuroscience Collaborations
United States and Cuban researchers will soon 
begin collaborating to improve magnetic resonance 
imaging technology, to advance neuroinformatics and 
neurodevelopment research, and to investigate the 
establishment of an international non-human primate 
research center in Cuba.

A U.S. delegation of researchers, academics, 
policymakers, and representatives of industries and 
foundations met with their Cuban counterparts at 
a December 2015 meeting in Havana to plan the 
research collaborations. The meeting was the first 

outcome of a 2014 agreement 
between AAAS and the Cuban 
Academy of Sciences to 
promote scientific cooperation 
between their countries.

Participants at the meeting, 
organized by AAAS and the 
Cuban Neurosciences Center 
(CNEURO), discussed research 
advances in neurodegenerative 
and psychiatric disorders, brain 
mapping techniques, imaging, 
and treatments. 

AAAS in 2015 also began 
planning to launch a fellowship 
program for early and midcareer 
scientists from Cuba. The 
Cuban biomedical research 
fellows could begin research 
collaboration in the United 
States in 2016, under a program 
administered by the AAAS 
Center for Science Diplomacy. 

The 2015 GIST Tech-I competition finalists hailed from  
23 developing countries.

 PHOTO: EPHOD VISUAL & AUDIO ENTERPRISES
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That program is supported by a grant from the 
Lounsbery Foundation. AAAS staff members are still 
seeking funding to bring U.S. scientists to Cuba. 

Global Competition Propels Innovation
An international competition for innovators, 
administered by AAAS, is helping entrepreneurs 
to develop low-cost solar-powered hearing aids in 
Botswana and a lemongrass-derived compound to 
protect stored crops from insects in Nigeria, while 
also providing role models to spur innovation in 
developing countries.

The Global Innovation through Science and 
Technology (GIST) Tech-I competition was held in 
Nairobi, Kenya in July 2015, and was organized by 
the AAAS Office of International and Security Affairs 
and the Research Competitiveness Program. The U.S. 
Department of State began the GIST initiative in 2011 
to support scientific and technological innovation in 
the developing world. 

Participants who apply for the program must go 
through an extremely competitive, multistep selection 
process to reach the finals, where they receive 
training and mentoring from leaders in industry, 
funding agencies, and other sectors. Thirty people 
from 23 developing countries competed to be one of 
the 13 winners, who took home almost $140,000 in 
cash prizes. 

The finals were part of the annual Global 
Entrepreneurship Summit, which received a visit 
by President Barack Obama. GIST alumni who have 
commercialized their inventions have generated $110 
million in revenue, according to State Department 
figures.

Mentoring Women in International  
Research Collaboration
Women and underrepresented groups trying to succeed 
in STEM fields may find themselves up against a 
“polycarbonate ceiling” to career advancement, said 
chemist and AAAS President Geraldine Richmond. 
It’s one they must find a way around, since it’s almost 
impossible to break.

AAAS has several programs to help women 
navigate the barriers that prevent them from fully 
participating in science, technology, engineering, 
and mathematics (STEM) careers, including some 
that also promote international research. Under one 
such program, Mentoring Women in International 
Research Collaborations (MWIRC) in STEM, AAAS has 
administered 15 research grants of $20,000 each to 
allow women to mentor graduate students or postdocs 

and carry out research in another country. The grants 
are funded by the National Science Foundation. In 
addition, the program began sponsoring travel awards 
to send two women scientists to the international 
Gender Summit, beginning with the April 2016 summit 
in South Africa.

The Elsevier Foundation Awards for Women in 
Science in the Developing World—supported also by 
Gilbert S. Omenn, a past AAAS president, and Martha 
Darling—provide five early-career women scientists 
with $5,000 and support for travel to the AAAS Annual 
Meeting. The 2015 winners were from Nigeria, Sudan, 
and Vietnam, and were selected for their contributions 
to nanoparticle physics, atmospheric physics, medical 
physics, and computational mathematics, as well 
as their efforts to encourage other young women to 
pursue STEM careers.

The L’Oréal awards, which AAAS administers, 
provide five women each year with $60,000 grants 
to fund postdoctoral research. And in October, four 
women were awarded the first AAAS Marion Milligan 
Mason Awards for Women in the Chemical Sciences, 
which provide funding for early-career researchers. 
(See also the Education, Outreach, and Careers 
section on pages 26-27.)

Science & Diplomacy Update
The AAAS Center for Science Diplomacy’s quarterly 
policy journal, Science & Diplomacy, published 21 
articles plus editorials, perspectives, and letters in 
2015. It attracted more than 36,000 readers, more 
than half of whom were outside the United States. 

Popular articles included one by the executive 
director of the Academy of Sciences of Cuba detailing 
Cuba’s research history and its periods of collaboration 
with the United States, as it anticipates improved 
relations once again. An editorial by AAAS CEO Rush 
Holt on the relationship of science to diplomacy has 
also been viewed more than 1,000 times.
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2015 Science & Technology Policy Forum
Concern about cuts to basic research funding was the 
overriding message during the 40th AAAS Forum on 
Science & Technology Policy. The two-day meeting, 
held in Washington, D.C. in April, drew more than 400 
elected officials, government and business leaders, 
foreign embassy staff, researchers, and educators.

Funding for basic-science research in the United 
States is threatened by limits on “discretionary” 
spending due to budget sequestration, said John P. 
Holdren, director of the White House Office of Science 
and Technology Policy, in his keynote address. France 
Córdova, National Science Foundation director, 
questioned whether funding for basic research 

should continue to rely on the nation’s discretionary 
spending budget. “Our nation’s future, including our 
preparedness for that future, depends on innovation,” 
Córdova said. “Innovation in turn depends, in large 
part, on discovery, and discovery is fueled by basic 
research. This pursuit is not discretionary.”

The Forum saw the start of a new lecture series, 
the Gilbert S. Omenn Grand Challenges Address, 
intended to draw attention to the most pressing needs 
and goals at the intersection of science and society. 
Dr. Omenn, past president of AAAS, gave the 2015 
address, encouraging consideration of “aspirational 
and inspirational” research challenges to “energize not 
only the scientific and engineering community, but 

The AAAS Center of Science, Policy, and Society Programs (CSPSP) brings scientific and engineering 

expertise to policymakers, promotes wise investments in research, and advances scientific freedom 

and responsibility. Through a selective fellowship program and a prestigious annual forum, it 

shares insights with the federal agencies and Congressional offices where public policy is made 

and interpreted. CSPSP also organizes programs that promote ethical research practices, provides 

technical expertise on human rights issues, and encourages dialogue about science and religion. 

Science, Policy, and Society
20 
1 5
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also students, journalists, the public, and their elected 
representatives, to develop a sense of the possibilities, 
an appreciation of risks, and an urgent commitment to 
accelerate progress.” 

Additional speakers addressed how scientists 
can better engage with a skeptical public, how data 
can be used for the public’s benefit, and how the 
U.S. educational system can increase the number 
of workers prepared to take science, technology, 
engineering, and mathematics (STEM) jobs. 

Protecting Antiquities and  
Predicting Conflict
Sites and objects with irreplaceable cultural value 
often become targets during armed conflicts, both for 
ideological reasons and for their value to collectors. 
The AAAS Geospatial Technologies Project assisted 
groups trying to protect sites in Syria and Iraq by 
analyzing recent satellite images with earlier ones to 
document the status of the sites. Some sites, such 
as one in Apamea, Syria, are so covered with pits and 
tunnels dug by looters that they appear to have been 
carpet-bombed, AAAS reported. 

Sometimes sites are damaged or destroyed to 
remove reminders of a cultural heritage that terrorists 
or other groups oppose, or to demoralize the local 
people, said Katharyn Hanson, a visiting scholar with 
the Geospatial Technologies Project, in a November 
colloquium. Hanson and AAAS contributed to the 
Safeguarding the Heritage of Syria and Iraq (SHOSI) 

Project, which physically protects sites from bombings, 
using sandbags and other methods. 

The Geospatial Technologies Project also studied 
the use of satellite imagery to better understand and 
help prevent border conflicts. With a grant from the 
United States Institute of Peace, it aggregated and 
correlated large amounts of information from previous 
cross-border conflicts, including satellite imagery, 
media reporting, and eyewitness accounts, to create a 
retrospective geospatial analysis. That process allowed 
it to identify trends that could contribute to the future 
detection, management, and peaceful de-escalation of 
similar incidents. 

Science & Technology Policy Fellowships
The 2015-16 class of Science & Technology Policy 
Fellows includes researchers and engineers of all 
types, from all stages in their careers, who have one 
shared goal: to apply their science and technology 
skills to policy solutions. The program places doctoral-
level scientists, or engineers with a Master’s degree, 
into various offices within the executive, legislative, and 
judicial branches of federal government and Congress 
for a year. 

“Scientists have such an important role to play in 
society beyond the bench,” said Sapana Vora, who 
served as a fellow at the State Department. 

Of the 280 fellows, 163 fellows were new fellows, 
99 had renewed their fellowship for a second year, 
and 18 were in special alumni fellowships. Thirty-

The AAAS Science & Technology Policy Fellows, class of 2015-16, included 280 competitively selected fellows.
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one fellows served in Congress; 245 served in the 
executive branch among 18 agencies or departments, 
including overseas missions with the U.S. Agency for 
International Development; and four were placed with 
the Bill and Melinda Gates Foundation in Seattle. 

In August, the fellows had a chance to meet with 
S&T Policy Fellowship alumnus Rush Holt, CEO 
of AAAS. A physicist by training, Holt called his 
fellowship experience “life-changing,” and said that 
it led to his serving for 16 years in the U.S. House of 
Representatives. He told the fellows that he hopes to 
enlist their help in advocating for science for years to 
come. 

Promoting Research Competitiveness
The AAAS Research Competitiveness Program 
(RCP) has worked for 20 years to build capacity for 
STEM systems through its work on peer-reviewed 
competitions, program and institutional assessment, 
trainings, and innovation and entrepreneurship 
initiatives.

In 2015, RCP finished the first phase of support 
for grant competitions of the King Abdulaziz City for 
Science and Technology (KACST) in Saudi Arabia. 
For seven years, RCP had solicited more than 15,000 
reviews for about 5,000 proposals for KACST. It 
continues to provide review of grantee progress 
reports. RCP also in 2015 solicited reviews for more 
than 100 applications to the Connecticut Bioscience 

Innovation Fund, which has awarded $4.5 million since 
2014 to five universities and four companies.

Since 1996, RCP has organized expert assessments 
for more than $1 billion spent on science initiatives 
in the United States and worldwide. In 2015, the 
program helped states implement and sustain multi-
institutional, interdisciplinary research programs, 
encompassing assessments of five programs funded 
by the National Institutes of Health (in Louisiana, 
Mississippi, New Hampshire, Rhode Island, and 
Oklahoma), and two programs funded by the National 
Science Foundation (in Maine and South Dakota).

In its work on innovation and entrepreneurship, RCP 
assumed leadership of the Global Innovation through 
Science and Technology (GIST) Tech-I competition, 
and organized the training and judging for the 2015 
Tech-I finals held at the Global Entrepreneurship 
Summit in Nairobi, Kenya. RCP was also awarded 
funding in 2015 for three GIST Women’s Village 
workshops on networking for science and technology 
entrepreneurs, to be held in Côte d’Ivoire, Nigeria, and 
Mozambique in 2016.

Science for Religion Reporters
The AAAS Dialogue on Science, Ethics, and Religion 
program (DoSER) convened independent judges who 
selected eight writers and broadcasters to receive 
the first Science for Religion Reporters Award, given 
during the 2016 AAAS Annual Meeting. The $2,000 

awards recognize journalists whose 
audiences are attentive to religion 
and culture, and who demonstrate an 
interest in reporting about science. 

The award-winning journalists reach 
a wide range of audiences, through 
reporting distributed by such media 
outlets as CBS, the Religion News 
Service, The Atlantic, and Sojourners, 
among others. The program is funded 
by a grant from The John Templeton 
Foundation, with support from AAAS.

AAAS staff members Christine Scheller (far left) and Jennifer Wiseman (far right) 
celebrated the first eight winners of the AAAS Science for Religion Reporters Awards  
(L-R): Kimberly Winston, Liz Kineke, Kelsey Dallas, Renee Gadoua, Emma Green,  
Cathy Lynn Grossman, Patti Miller, and Catherine Woodiwiss.

PHOTO: AAAS
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AAAS Government Relations shares the wide-ranging value of the scientific enterprise with 

policymakers by communicating directly with Congressional representatives, offering Capitol Hill 

briefings, and providing evidence-based science and technology updates. It sponsors training 

to equip and encourage scientists and engineers to become more active in communicating 

and advocating for science. The group also offers authoritative, ongoing analysis of federal 

investments in science and engineering research and development.

AAAS Protests Climate-Science Inquiry
AAAS led a protest of an inappropriate Congressional 
inquiry into federal climate-science research that 
threatened to violate federal scientists’ academic 
freedom. In June, a research group from the National 
Atmospheric and Oceanographic Administration 
(NOAA) published findings in the journal Science, 
showing that what had previously appeared to be a 15-
year slowdown in the rate of global warming early in 
the 21st century was likely due to incorrect estimates 
of surface temperatures, and that warming had 
continued at the same rate during that period. 

The chairman of the U.S. House Committee on 
Science, Space, and Technology sent subpoenas in 
October to NOAA, requesting “all documents and 
communications” related to the Science paper. AAAS 
and seven other science societies sent a letter in 
support of federal scientists, stating that needlessly 
intrusive Congressional inquiries can inhibit scientific 
discovery, particularly if scientists are threatened with 
legal action. 

“Science cannot thrive when policymakers—
regardless of party affiliation—use policy 
disagreements as a pretext to attack scientific 

Government Relations
20 
1 5
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conclusions without public evidence,” the coalition’s 
letter said. “We are concerned that establishing a 
practice of inquests directed at federal scientists … 
could well have a chilling effect on the willingness 
of government scientists to conduct research that 
intersects with policy-relevant scientific questions.”

The letter acknowledged the importance of 
appropriate Congressional oversight of federally 
funded research, and suggested that the House 
committee use other established mechanisms for 
assessing technical information, such as advisory 
reports of the National Academies of Sciences, 
Engineering, and Medicine. 

AAAS also held a symposium and Congressional 
briefing in October to discuss advances in climate 
science and strategies for communicating about 
climate change, while marking the 50th anniversary of 
the first warning to a U.S. president of the threat posed 
by climate change. 

Neuroscience, Human Health, and Policy
The AAAS Neuroscience and Society series organized 
four public lectures and four Capitol Hill briefings on 
topics ranging from the treatment of mental illness in 
people of all ages, to the complexity of chronic pain. 
Each of the public events, held at AAAS headquarters, 
drew up to 100 people. 

Researchers also addressed policymakers in 
briefings about topics including how increased access 
to marijuana in states where it has been legalized is 
affecting teens, and how schools can improve learning 
for children with disabilities such as attention deficit 
hyperactivity disorder and dyslexia. The Capitol Hill 
neuroscience briefings were hosted in conjunction with 
Rep. Chaka Fattah (D-Pennsylvania).

The Neuroscience and Society series is supported 
by a grant from The Dana Foundation. 

Golden Goose Awards
Created to honor odd-sounding basic research that 
has led to important benefits for society, the 2015 
Golden Goose Awards were given to seven researchers 
who studied self-control strategies, how the brain 
interprets visual stimuli, and the distribution of people 
at various altitudes. 

One winner, psychologist Walter Mischel, designed 
the “marshmallow test” in the late 1960s to see how 
young children can delay gratification to get a larger 
reward later. He found that distraction works best, and 
over the next 30 years, he and his colleagues followed 
up with some of the original subjects of the research. 
They found that having self-control strategies did 

correlate with greater academic and social success 
later in life, and that such strategies can be taught to 
improve children’s later outcomes.

Rep. Jim Cooper (D-Tennessee) and a coalition of 
organizations, including AAAS, the Association of 
American Universities, and the Association of Public- 
and Land-grant Universities, created the Golden 
Goose award in 2012. Cooper and a bipartisan group of 
Congressional representatives attended the September 
awards ceremony at the Library of Congress. 

“These awards remind us that scientific 
breakthrough rarely follows the straight and narrow 
path,” said Sen. Chris Coons (D-Delaware), and 
“how important it is that we continue to support the 
basic research that only the federal government can 
sustainably fund.”

Analyzing U.S. R&D Funding Trends
The AAAS R&D Budget and Policy Program has been 
tracking federal spending for research and development 
since 1976 by following Congressional debates and bills, 
and by parsing the President’s yearly budget proposals. 
There has been much to follow of late, as spending 
caps on discretionary spending created by the Budget 
Control Act of 2011 allowed for only a 0.2% increase in 
spending, before factoring in inflation. 

The National Science Foundation and the 
Department of Energy’s laboratories did have small 
budget increases in 2015, but the National Institutes 
of Health’s overall budget continued a decade-long 
decline. After multiple budget adjustments, Congress 
eventually passed an omnibus spending bill for fiscal 
year 2016 that added 5.2% to the discretionary 
spending allowance, and provided about an 8% 
increase in R&D spending. 

Matt Hourihan, the AAAS program’s director, 
gave R&D budget briefings on Capitol Hill and at 
the association’s 40th annual Forum on Science & 
Technology Policy, in addition to publishing periodic 
analyses. He told Hill attendees that the United States 
remains the largest global contributor to R&D, spending 
more than twice as much (in dollars) as China, the 
next largest funder. Two-thirds of U.S. R&D spending is 
generated by industry, with the remainder coming from 
the federal government.

However, there has been “a very clear shift from 
west to east” in recent years, Hourihan said. China, 
Singapore, Taiwan, Japan, and South Korea collectively 
increased their share of global R&D spending from 24% 
in 2000 to 36.8% in 2012. Analysts believe that China 
may surpass the United States in total R&D funding 
from all sources by 2019.
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AAAS Joins Rally for Medical Research
AAAS was one of more than 300 organizations that 
sent researchers, physicians, and patients to speak 
with their Congressional representatives in support 
of biomedical research on 17 September. The Rally for 
Medical Research was an effort to reverse a decade-
long decline in federal spending for the National 
Institutes of Health (NIH), whose $29.5 billion budget 
for 2015 was 22% lower than its 2003 peak, after 
adjusting for the high rate of inflation in the biomedical 
sciences. 

People with many conditions, including cancer, 
influenza, Ebola, and AIDS, are relying on NIH-funded 
research to find a cure, said NIH Director Francis Collins 
during a rally reception. The NIH is the largest funder of 
medical research in the world. 

Among rally participants appealing to Congress 
were graduate students who participated in the AAAS 
Catalyzing Advocacy in Science and Engineering 
(CASE) event, a three-day workshop that provides 
policy, advocacy, and communication training. Close to 
80 students representing 43 institutions participated in 
the second annual CASE workshop. 

The program was created in response to repeated 
requests from graduate students who were interested 
in science policy and advocacy. It encourages 
attendees to continue their involvement in science 
policy. Alumni have gone on to become a California 
Science and Technology Policy Fellow and to participate 
in similar programs. 

Engaging Scientists and Engineers in Policy
AAAS and a coalition of universities and science and 
engineering societies are working to help researchers, 
science and technology professionals, and students 
become more involved in policy initiatives. The 
Engaging Scientists and Engineers in Policy (ESEP) 
website provides a list of fellowships, internships, 
graduate programs, trainings, degree programs, 
websites, publications, and more. 

The ESEP program has conducted several 
workshops at AAAS meetings.  ESEP also began 
a webinar series that allowed participants to 
ask questions and interact with experts in real 
time. Speakers included AAAS CEO Rush Holt (a 
former member of Congress), government affairs 
representatives for science societies, and lobbyists who 
described the tools they use to advocate for science 
policy, and how to use them most effectively.
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2015 Research News
First Scientific Results 
from Flyby of Pluto
In the first published 
results from the flyby of 
the Pluto-Charon system 
in 2015, researchers 
reported that the surface 
of the dwarf planet is 

marked by plains, troughs, and peaks that appear to 
have been carved out by geological processes that 
have been active for a very long period and continue 
to the present. (Stern et al., Science, 16 October)

Fast, Continuous, 3D-Printing Out of Liquid Bath 
Researchers developed a method for growing 
detailed solids out of a liquid bath at rates that dwarf 
three-dimensional (3D) print speeds. Their method 
makes it possible to convert 3D designs into parts in 
minutes instead of hours. (Tumbleston et al., Science, 
20 March)

A Global Look at Plastic in the Oceans 
Using comprehensive data from 192 coastal 
countries, researchers estimated that between 
five and 13 million tons of plastic waste wind up 
in the world’s oceans every year. Based on their 

Science headlines encompassed research advances across the biological, physical, and social 

sciences, plus penetrating news and analysis meant to expand our knowledge of technology’s role 

in making traditional notions of privacy obsolete, issues stemming from the emergence of the 

world’s last isolated tribes from the Amazon rainforest, and Einstein’s 100-year-old general theory 

of relativity, which continues to underpin cutting-edge physics today, including efforts to trace the 

origin of the universe.

The Science Family of Journals
20 
1 5
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projections, this amount could increase tenfold in the 
next decade, the researchers said. (Jambeck et al., 
Science, 13 February) 

Personalized Vaccines Target  
Skin Cancer’s Mutations 
Researchers who tailored vaccines for different 
melanoma patients expanded the number and the 
reach of these patients’ cancer-fighting T cells—
providing a shot in the arm for cancer immunotherapy. 
(Carreno et al., Science, 3 April)

The Oldest Fossil of the Homo Genus 
This analysis of a partial hominin mandible found 
in Ethiopia with five of its teeth still intact suggests 
that the Homo genus arose by about 2.8 million years 
ago—almost half a million years earlier than previous 
evidence had indicated. (Villmoare et al., Science, 6 
March) 

DNA from Illegal Ivory 
Points to Poaching 
Hotspots 
New genetic tools helped 
researchers trace illegal 
ivory back to the African 
elephant populations from 
which it came, creating a 
mechanism by which to 

assist law-enforcement officials in cracking down on 
poaching in the future. (Wasser et al., Science, 19 June)

Measles Risk in Countries Hit by Ebola 
Researchers uncovered how healthcare services in 
Liberia, Sierra Leone, and Guinea were disrupted 
by the Ebola outbreak, adversely affecting routine 
vaccination of children against measles—an infection 
that often follows such humanitarian crises. (Takahashi 
et al., Science, 13 March)

Virally Cleansing the Pig Genome with CRISPR
In an effort to enable organ transplants into humans, 
researchers used the CRISPR gene-editing technique 
to inactivate all 62 copies of a retrovirus in a pig cell 
line, a significant step on the road to generating pig 
organs for possible xenotransplantation. (Yang et al., 
Science, 16 October)

New England Cod Collapse  
Linked to Warming Waters 
Scientists revealed how rapid warming in the Gulf of 
Maine correlated to the near collapse of New England’s 
cod stocks, despite cuts to fishery activity. The results 
reveal how a warming climate complicates fisheries 
management. (Pershing et al., Science, 30 October)

Sequencing Tumor 
Alone May Misidentify 
Mutations
In perhaps the largest-
scale evaluation of its 
kind, a study of 815 
patients across 15 cancer 
types revealed that 
compared to genomic 

analysis of tumors alone, analysis of both tumor and 
normal tissue from the same patient more accurately 
identified cancer-causing mutations. (Jones et al., 
Science Translational Medicine, 15 April) 

“Designer Cell” Implants Detect and Treat Psoriasis
Designer cells programmed to serve as miniature 
disease-sensors and drug factories showed promise 
against psoriasis. Researchers built and implanted into 
mice synthetic cells capable of detecting psoriasis, 
automatically producing therapeutic proteins, and 
effectively treating the condition. (Schukur et al., 
Science Translational Medicine, 16 December)

Infants Lacking “Good” Bacteria at  
Greater Asthma Risk
Infants with low levels of four protective bugs in their 
gut microbiome are more likely to develop asthma, 
this study of 300 children showed. The findings pave 
the way to designing a diagnostic screen and probiotic 
therapy to prevent at-risk babies from developing 
asthma. (Arrieta et al., Science Translational Medicine, 
30 September)
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Burning All Fossil Fuels 
Could Eliminate  
Antarctic Ice Sheet 
Researchers who 
performed a long-term 
modeling study estimated 
that if all of the currently 
available carbon resources 
were burned, the Antarctic 

Ice Sheet would melt entirely and trigger a global sea-
level rise of more than 50 meters. (Winkelmann et al., 
Science Advances, 30 September)

Uncontacted Amerindians Exhibit  
Extremely Diverse Microbiomes 
The microbiome of Amerindian villagers from the 
Venezuelan Amazon with no documented contact with 
Western peoples contains perhaps the highest levels 
of bacterial diversity ever reported in a human group, 
researchers reported.  (Dominguez-Bello et al., Science 
Advances, 30 September)

More Than Half of All 
Amazonian Tree Species 
Threatened
More than half of all tree 
species in the Amazon may 
be at risk for extinction, 
this study revealed. The 
results increase the 
number of threatened 

plant species on Earth by approximately 22%, and 
could have implications for land-use policy. (ter Steege 
et al., Science Advances, 20 November)

Methylation Takes Signaling Down a Notch
Researchers showed that chemically tagging the 
Notch protein with a methyl group helped curb Notch 
signaling activity, which controls many developmental 
processes. The finding offers a potential strategy 
for turning off the pathway and sheds light on why 
Notch—when defective—drives many cancers 
and developmental disorders. (Hein et al., Science 
Signaling, 24 March)

Other Science Highlights
Powerful Special Issues: Science published 14 
substantive special issues on a range of topics, from 
“The End of Privacy,” to “General Relativity at 100,” to 
“Isolated Tribes in the Amazon.” On 4 September, a 
special issue, “Science in Iran,” explored the scientific 
challenges and triumphs of a country that has 
experienced international isolation in recent years. 
As Science International News Editor Richard Stone 
explained, though decades of economic sanctions 
have deprived Iranian scientists of critical scientific 
resources and collaboration, these researchers have 
persevered, using homespun ingenuity to create their 
own resources from scratch. 

February marked the launch of AAAS’s first open-
access journal, Science Advances. Scientific reports 
published in the journal during its first year described 
the creation of electronic plants that could be 
used to speed up plant-based drug development, a 
smartphone system for early earthquake and tsunami 
warnings, and how exposure to space radiation may 
put astronauts at risk for cognitive problems. A 2015 
Science Advances study on the sixth mass extinction 
made its way into the top 5% of all research outputs 
ever tracked on Altmetric.com, a metrics-reporting site 
for scholarly content. 

In 2015, AAAS also laid the foundation for the 
publication of Science Immunology and Science 
Robotics, both set to launch in 2016. Science 
Immunology will feature interdisciplinary research 
focused on the understanding of problems in 
cellular and clinical immunology, including links 
to microbiology. Science Robotics will highlight 
new advances in complex engineered systems for 
exploration of and intervention in environments as 
diverse as the body, a factory, land, air, sea, and space. 

The blog, In the Pipeline, an editorially independent 
commentary on drug discovery and the pharma 
industry by medicinal chemist Derek Lowe, moved to 
the Science Translational Medicine website, attracting 
a wide readership. 

Finally, Science in the Classroom, a program 
launched in October 2011 with support from the 
National Science Foundation, received a considerable 
boost in funding. The program continues to help 
students across the country better understand core 
science concepts through a freely available site 
that features specially developed learning exercises 
and Science research articles annotated by student 
volunteers.
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Honors we brought in
Three Science news reporters received prestigious 
journalism prizes. For her story, “Eavesdropping 
on ecosystems,” Science staff writer Kelly Servick 
was awarded the 2013-2014 Acoustical Society of 
America’s Science Writing Award. Science staff writer 
Eric Hand received the Gold EXCEL Award for the best 
in-depth exploration of a single topic for “Martian 
obsession,” published 28 November, 2014.  

Judges of the D.C. Science Writers Association 
Newsbrief Award for short journalism recognized 
Science staff writer Emily Underwood with honorable 
mention for her story, “Rats forsake chocolate to save 
a drowning companion.”

Honors we gave out
The Grand Prize winner 
of the international 
competition for the 
Science & SciLifeLab 
Prize for Young Scientists 
was Allison Clearly of 
Pennsylvania State 
University, recognized for 

her research on how breast cancer cells cooperate to 
enable tumor growth. Established in 2013, the $25,000 
prize is awarded annually to one young scientist for 
outstanding life science research. Cleary’s winning 
essay, “Teamwork: The tumor cell edition” describes 
how her team’s innovative approach unraveled a 
mysterious feature of human breast cancer biology—
the interactive relationship between tumor cell 
subpopulations within single tumors, which is needed 
for tumors to grow. The prize is a coordinated effort 
of Science/AAAS and four Swedish universities 
comprising the Science for Life Laboratory, a Swedish 
national center for molecular biosciences with a focus 
on health and environmental research.

On July 31, AAAS and the journal Science 
Translational Medicine honored Nicholas Navin, an 
assistant professor of genetics and bioinformatics at 
MD Anderson Cancer Center, with the AAAS Martin 
and Rose Wachtel Cancer Research Award, now in its 
third year. This $25,000 prize recognizes outstanding 
work by young scientists performing breakthrough 
cancer research. Navin created the first method for 
sequencing the genome of an individual cell, which has 
given scientists a new view into the inner workings of 
tumors.

The 2014-2015 AAAS Newcomb Cleveland Prize was 
awarded to Eric Betzig and colleagues for the report, 
“Lattice light-sheet microscopy: Imaging molecules to 
embryos at high spatiotemporal resolution,” published 
in Science on 24 October 2014. This microscopy 
advance provides an unprecedented understanding of 
the inner workings of live cells. According to Science 
Editor-in-Chief Marcia McNutt, “There are several 
criteria that the selection committee looks for in 
an outstanding Newcomb Cleveland awardee, and 
this year’s winner had it all: a major advance in the 
field, a well-communicated contribution, and broad 
potential application beyond a narrow sub-discipline.” 
The association’s oldest award, the AAAS Newcomb 
Cleveland Prize was established in 1923. Now 
supported by The Fodor Family Trust, it acknowledges 
an outstanding paper published in Science’s Articles, 
Research Articles, or Reports sections. 
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Global Influence of Science Literacy Efforts
In 2015, Project 2061’s leaders participated in 
international conferences about promoting science 
literacy and science, technology, engineering, and 
mathematics (STEM) innovations, and shared results 
from some of the Project’s work. George DeBoer, 
Project 2061’s deputy director, was a keynote speaker 
at the 2015 Shanghai International Forum on Science 
Literacy for Adolescents in September. He described 
the evolution of science standards for education in 
the United States, and the challenges of taking a more 
integrated approach to teaching STEM.

Director Jo Ellen Roseman spoke in July at the 
U.S.-Korea Conference on Science, Technology, 

and Entrepreneurship about the project’s efforts to 
promote science literacy for all, and the role of scientific 
organizations such as AAAS in reforming education. 
Inspired by Project 2061’s publication, Science for All 
Americans, which defined what a science-literate adult 
should know and be able to do, the Korea Foundation 
for the Advancement of Science and Creativity (KOFAC) 
is working to create a similar document for Koreans. 

Bringing Energy Concepts to Teens
Project 2061 received a grant from the U.S. 
Department of Education’s Institute of Education 
Sciences to develop a six-week curriculum unit for 
high-school biology students. The new unit will help 

Through its long-term science-education initiative, Project 2061, AAAS endeavors to improve 

science, mathematics, and technology literacy for everyone. Project 2061 carries out research 

and development of tools and curricula to help improve the quality of K–12 science curricula, 

instruction, and assessments. It collaborates with organizations devoted to science education to 

promote an approach to learning that helps students understand essential science ideas as they 

engage in the kinds of activities scientists use every day to answer questions about the world.

Improving Science Literacy
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develop students’ understanding of energy transfer 
and conservation in both living and non-living systems 
so that they can explain fundamental processes in 
living organisms, a major topic in most high-school 
biology courses.

“Energy concepts are quite abstract and can 
be very difficult for students, especially in a life-
science context,” said Jo Ellen Roseman, Project 
2061’s director. “Many middle-school students and 
college undergraduates share some of the same 
misunderstandings about energy, so it’s clear that a 
whole new approach is needed.”

To help make ideas about energy more concrete, 
the new unit will use a variety of analogies, beginning 
with phenomena drawn from more familiar physical 
systems such as combustion and charging a 
cellphone battery. Building on these experiences, 
the unit will then help students understand that the 
same energy-releasing and energy-requiring chemical 
reactions also occur in living organisms—they are just 
more complex and difficult to observe. Examples of 
biological energy transfers include cellular respiration, 
and creating a charge across a membrane in 
mitochondria and nerve cells. 

The unit will also have students work with a range of 
models, such as interactive simulations and virtual labs, 
designed to help them think about and explore energy 
phenomena and make sense of their observations.

Over the course of the three-year curriculum 
project, the research team will design a professional-
development program and materials for teachers, 
plus a set of assessments for evaluating students’ 
understanding of the concepts presented in the new unit.

Workshops for Educators
Science teachers, curriculum and assessment 
specialists, and education researchers continued 
to turn to Project 2061 for help in improving their 
students’ learning. Nearly 70 educators attended 
Project 2061 workshops in 2015 to learn more about 
developing and using high-quality science curricula 
and assessments, including those that are designed to 
support Next Generation Science Standards. Attendees 
also included middle-school teachers who were getting 
ready to use the project’s new Toward High School 
Biology curriculum unit. 

In addition to introducing the Project’s research and 
development efforts, the workshops gave participants 
a chance to try out its tools and resources for 
themselves. They engaged in activities from the new 
curriculum unit, for example, and used diagnostic test 
items from the Project’s science-assessment website.  

New Weather@School Website Launched
A new website developed by Project 2061, 
WeatherSchool@AAAS (weatherschool.aaas.org),  
uses real-world data collected from around the 
globe to teach fundamental concepts of weather 
and climate. In a series of interactive modules that 
include graphing tools, data sets, guided activities, and 
quizzes, middle- and high-school students can learn 
how moving air masses cause day-to-day temperature 
variations, how geographic factors such as elevation 
above sea level influence temperature, and how the 
movement of the Earth in relation to the sun affects 
temperatures over the course of a year. 

The new site is consistent with recommendations 
in the Next Generation Science Standards, and it 
encourages teachers to integrate the core ideas that 
students are learning with the practices of science, 
such as generating data, creating graphs and tables, 
and looking for relationships and patterns.

 
Searching for Standards-Aligned Curricula
While 12 states and the District of Columbia have 
adopted new Next Generation Science Standards 
(NGSS) for K-12 classrooms, educators are struggling 
to find teaching materials and curricula that fit with 
the standards’ goals. In response, Project 2061 in April 
led a symposium at the annual meeting of the National 
Association for Research in Science Teaching. Three 
case studies were presented, in which curriculum 
materials were analyzed using the Educators 
Evaluating the Quality of Instructional Products 
(EQuIP) Rubric developed by Achieve, an organization 
that helped to create the NGSS. 

“Everyone is desperately looking for examples 
of what [NGSS] looks like in curriculum materials 
and teaching,” said Jo Ellen Roseman, director of 
Project 2061. Educators are also going to need tools 
and measures they can use to evaluate textbook 
publishers’ claims that their materials are “NGSS-
aligned,” she said. The NGSS standards emphasize 
three main dimensions of science learning: science 
practices for investigating the world, crosscutting 
concepts common to all scientific topics, and core 
ideas within scientific disciplines. 

Roseman and her colleagues reported that the 
EQuIP tool helped them to identify strengths and 
weaknesses of curricula in several key ways, and 
engaging in the EQuIP analysis deepened their 
understanding of the NGSS and its vision for science 
teaching and learning. 
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Emerging Researchers
More than 1,000 students, researchers, professors, 
and administrators from 240 colleges and universities 
attended the 2015 Emerging Researchers National 
(ERN) Conference in STEM, hosted by AAAS and 
the National Science Foundation (NSF). The ERN 
conference, held annually in Washington, D.C., 
provides an opportunity for undergraduate and 
graduate students in STEM fields to enhance their 
science-communication skills through poster and oral 
presentations, and to benefit from career-information 
sessions on topics such as applying to graduate 
schools, funding higher education, and STEM career 
trends.

Many of the students attending the ERN conference 
participate in programs funded by the NSF’s Division 
of Human Resources Development, which provides 
opportunities for underrepresented minorities, 
women, and persons with disabilities to pursue 
research and education in STEM fields.

The conference tries to provide a supportive, 
encouraging space for students who face additional 
barriers to entering science to present their research, 
often for the first time, said Shirley Malcom, director 
of AAAS Education and Human Resources Programs. 
“This is a wonderful entrée into being able to see 
yourself as part of the scientific community,” she told 
attendees. 

Improving education and opportunities for students and professionals in science, technology, 

engineering, and mathematics (STEM) is a primary goal of AAAS. This not only benefits individuals, 

but society, which needs science-literate citizens and a well-trained STEM workforce. The Education 

and Human Resources Programs team at AAAS oversees internships, awards, training programs, 

and conferences that reach out to women and underrepresented groups to ensure that society will 

have access to a full spectrum of STEM talent. 

Education, Outreach,  
and Careers
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AAAS-Lemelson Invention Ambassadors
Seven men and women from academia and industry 
joined the second class of AAAS-Lemelson Invention 
Ambassadors in July. Formed by a partnership between 
AAAS and The Lemelson Foundation, the program is 
designed to cultivate a new and diverse generation of 
inventors, and to increase understanding of the role 
of invention in creating new products and establishing 
new businesses.

The Ambassdors, who together hold more than 220 
patents, were selected for their high regard for the 
role of invention, their success with invention, their 
accomplished professional careers, a commitment 
to invention’s role in impacting environmental 
sustainability, and their interest in speaking to different 
audiences. “All of us have an inventor inside of us,” said 
Ambassador Lisa Seacat DeLuca, the most prolific 
woman inventor in IBM history. 

EntryPoint! Widens the S&T Pipeline
Twenty-seven undergraduate students with disabilities 
got a chance to try out working in STEM positions, 
through internships facilitated by the AAAS EntryPoint! 
Program. Launched in 1996, the program has recruited 
students to work in industry, universities, and 
government agencies, including at NASA, Georgia Tech, 
and Johns Hopkins University. 

Of the 580 alumni of the program, more than 80% 
are now working in STEM fields, and alumni sometimes 
mentor new students, said Laureen Summers, the 
program’s coordinator. It is the only such program for 
disabled college students that focuses on STEM jobs, 
she said. 

Changing the Face of Science
While the number of women entering STEM careers, 
including faculty positions in academia, has been 
growing, women, along with minorities and persons 
with disabilities, are still underrepresented in these 
fields. AAAS sponsors several awards to help women 
succeed in science. 

Four women were awarded the first AAAS Marion 
Milligan Mason Awards for Women in the Chemical 
Sciences in October. The award is named for a long-
time AAAS member and chemist who left a $2.2 million 
bequest to provide funding for early-career women 
researchers. The $50,000 awards, which help winners 
do research and attract and mentor graduate students, 
will continue to be awarded to three women every two 
years for the next 20 years.

At an awards ceremony at AAAS, four winners spoke 
with appreciation for the mentors who helped to steer 

them on their course. “As I evaluate all the mentorship 
that I had during my chemistry career, I would like to 
pass that along to my students,” said Luisa Whittaker-
Brooks, an assistant professor of chemistry at the 
University of Utah. She became interested in science as 
a high-school student in Panama, thanks in large part 
to an enthusiastic teacher who told her that she had a 
bright future in chemistry.

AAAS also administers the L’Oréal USA for 
Women in Science Fellowship, which awarded five 
women with $60,000 research grants in October. 
The recipients were an exoplanet astrophysicist, a 
marine microbiologist, a synthetic biologist, a cancer 
bioengineer, and a condensed matter physicist. 

The Elsevier Foundation Awards for Women in 
Science in the Developing World, with its partners, the 
Organization for Women in Science for the Developing 
World and the World Academy of Sciences, also 
recognize early-career women scientists. Each year, 
five women are awarded $5,000 and a trip to the AAAS 
Annual Meeting. The 2015 winners from Nigeria, Sudan, 
and Vietnam were selected for their contributions to 
nanoparticle physics, atmospheric physics, medical 
physics, and computational mathematics, and their 
efforts to encourage other women to pursue STEM 
careers. Gilbert S. Omenn, a past AAAS president, and 
Martha Darling helped to support the awards.

Mass Media Fellows March On
Most of the 2015 AAAS Mass Media Science and 
Engineering Fellows began their 10-week internships 
at Scientific American, Slate, WIRED, the Los 
Angeles Times, NPR, and other outlets having little 
or no journalism experience—just a knowledge of 
science and a desire to share it while improving their 
communication skills. Afterward, about two-thirds said 
that they would like to continue to work in journalism, 
and many of those who will return to science say 
they want to continue to use the skills they honed to 
communicate about science with the public. 

”This program helps in both ways. Not only do we 
have some of the best science journalists anywhere 
who have come out of this program and now give back 
to this program, but we also have dynamic scientists 
who have come out of this program, and they are 
also excellent communicators,” said Shirley Malcom, 
director of Education and Human Resources Programs 
at AAAS. The highly competitive fellowship is open 
to upper-level undergraduate students, graduate 
students, or post-doctoral scholars in STEM fields.
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Caribbean Division
The 30th annual meeting of the AAAS Caribbean 
Division convened 12 September in San Juan, Puerto 
Rico. Carlos A. Torres Ramos, an assistant professor 
at the University of Puerto Rico School of Medicine, 
and president of the AAAS Caribbean Division, 
welcomed more than 150 scientists, educators, and 
students who attended the day-long event, which 
had three concurrent sessions on themes of science 
education and sustainability.  

Sergio Jorge Pastrana, the executive director 
and secretary of foreign affairs at the Academy of 
Sciences of Cuba, gave the keynote address on 
the Academy of Sciences of Cuba and its role in 

international scientific collaborations. Established 
in 1861, the Academy was the first association of its 
kind in the New World. 

Two centuries later, following the Cuban 
Revolution, the country intensely focused on building 
its capacities in education, science, and medicine. 
Today, Cuba’s biotechnology industry exports a 
number of important vaccines and other biomedical 
technologies, and the country’s infant mortality rates 
and average lifespans are roughly comparable to 
those in the United States.

Pastrana has been a key figure in many 
science-related partnerships between Cuba and 
other countries, including the United States. He 

The three divisions of AAAS serve as regional networks for scientists and engineers. Through 

annual meetings and other events, the Divisions also provide a forum for scientists and local 

communities to discuss issues that benefit from scientific input. In 2015, AAAS Divisions 

addressed the health of Arctic coastal regions in the face of climate change, international 

research collaborations with Cuba, and the effects of human population growth and development, 

particularly in the Galápagos Islands.

AAAS Divisions
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participated in an April conference on science 
diplomacy, held at AAAS headquarters, and earlier, 
he took part in a meeting between the Cuban 
Academy of Sciences and a AAAS-led delegation 
in Havana. That conference resulted in a joint 
agreement to foster joint cooperation in biomedical 
research (for more information, see page 12). 

Arctic Division
The health and sustainability of near-shore zones and 
estuaries in the face of climate change was the focus 
of the 2015 Arctic Science Conference, which took 
place 1-3 October. These areas, where freshwater 
and oceans meet, serve as a gateway for fish and 
other migratory animals. They are increasingly 
important and vulnerable as climate change affects 
their chemistry and biology, and as it opens new sea 
routes. 

The conference, which was hosted by the 
University of Alaska Anchorage, also served as 
the annual meeting of the AAAS Arctic Division. 
Researchers from the life, physical, and social 
sciences as well as artists and educators attended 
the meeting.

The Arctic is warming twice as fast as the lower 
latitudes, according to the Arctic Report Card, 
prepared by the National Oceanic and Atmospheric 
Administration (NOAA). As a result, scientists are 
trying to track the changes it is undergoing to 
learn what may eventually occur in more populated 
southern regions, said Larry Duffy, executive director 
of the AAAS Arctic Division. 

“What we see happening in the north within the 
biota and the physical environment will happen later 
at lower latitudes, but with a much bigger impact,” 
said Duffy, a professor of biochemistry at the 
University of Alaska Fairbanks. “When we talk here 
about a village of 500 people being eroded away, 
that’s a problem. But when we talk about New York 
and New Jersey losing a portion of their coast due to 
sea-level rise—that’s a big problem.”

The warming temperatures also create stress on the 
4 million people who live in the Arctic region, many of 
whom are indigenous people who rely on subsistence 
hunting and fishing. Arctic communities are seeing 
more frequent and severe extreme weather events, 
changing animal migration patterns, disappearing 
traditional ice paths, increasing tree lines, and eroding 
riverbanks, reported Mary Dallas Allen, associate 
professor at the University of Alaska Anchorage School 
of Social Work. Arctic communities are losing what it 
means to be home, she said. 

Pacific Division
With a special focus on the 180th anniversary 
of Darwin’s visit to the Galápagos Islands, the 
AAAS Pacific Division explored “Science in the 
Anthropocene” during its 14-17 June annual meeting 
at San Francisco State University. The gathering also 
began a celebration of the 100th anniversary of the 
year when the Pacific Division was founded. 

Approximately 450 scientists, educators, 
students, and science enthusiasts from across the 
western United States attended the event, which 
was open to the public. Richard Cardullo, president 
of the AAAS Pacific Division and professor of biology 
at the University of California, Riverside, gave the 
Pacific Division presidential address on the science 
of human population growth and control. 

The three-day symposium featured more than 
30 speakers who discussed new research and a 
range of issues related to the Galápagos Islands, 
with sessions on the ecological impacts of human 
activities, and the status and conservation of 
the islands’ native plant and animal species. The 
program also included a variety of symposia on 
other topics, including building relationships 
between racially diverse communities and police 
departments, 3D printing and open-source 
technology in science, technology, engineering, and 
mathematics education, as well as factors driving 
the emergence of vector-borne diseases. 

The Pacific Division’s annual meeting was co-
sponsored by the California Academy of Sciences 
and Sigma Xi, The Scientific Research Society.
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A Transformative Gift from the  
Golden Family Foundation
Last fall, Lifetime Giving Society donor Sibyl R. Golden 
revealed her intention to make a gift of $4 million to 
AAAS, through the Golden Family Foundation. News 
of one of the most generous gifts in AAAS history 
generated significant excitement in the William T. 
Golden Center for Science and Engineering—the AAAS 
headquarters building in Washington, D.C. 

Ms. Golden’s gift honors her late father, William T. 
Golden, who was well-known for his contributions to 
science policy and his long career of public service 
and philanthropy. His input led to many milestones 
for the science enterprise, including the appointment 
of the first Science Advisor to the President and the 
Secretary of State, and the creation of the Office of 
Science and Technology in the Executive Office of the 

President (now the Office of Science and Technology 
Policy), the President’s Science Advisory Committee 
(today, the President’s Committee of Advisors on 
Science and Technology, or PCAST), and the National 
Science Foundation. 

His influence was also a transformational force for 
AAAS. Mr. Golden served as AAAS Treasurer from 1969 
to 1999, and as Honorary Treasurer until 2007. Over 
those 30 years, his generosity and foresight led to the 
creation of many of our best-known programs, including 
the signature Science and Technology Policy Fellowships 
program, which has been placing scientists in executive, 
legislative, and judiciary branch offices since 1973. 

AAAS CEO Rush Holt is one of more than 3,000 
alumni of that program. “Bill Golden’s legacy is 
unparalleled. He has transformed the science-policy 
world, AAAS, and even my own career,” Holt said.

Philanthropic support and strategic partnerships allow AAAS to speak up on behalf of science, 

engineering, and society as opportunities and challenges arise. Our donors demonstrate strong 

vision and a deep commitment to the future of science through contributions to our Flexible Action 

Fund and support for specific programs.

Advancing Science Through  
Philanthropy
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The recent Golden Family Foundation contribution 
is second in magnitude only to Mr. Golden’s 2003 
gift of $5.25 million, which established the William 
T. Golden Fund for Program Innovation. At the time, 
Mr. Golden said, ”I have great respect for the AAAS, 
as well as great affection and admiration for it, and I 
believe that the organization can become even more 
useful to society.” His gift was intended to serve as 
the catalyst for creative, new, high-impact ideas 
that would not otherwise be funded as part of the 
association’s budget. 

And so it has, for just over a decade. In its first 12 
years, more than 40 projects have received support 
from the Golden Fund, ranging from the popular 
Leadership Seminar in Science and Technology 
Policy—a one-week “crash course” designed for 
those who need to know how S&T policy works, to 
communication tools and training for scientists; and a 
Chinese-language portal for EurekAlert!, the science-
news consortium established by AAAS for some 
12,000 reporter-registrants; as well as key activities 
to build capacity for philanthropy.  

Ms. Golden’s 2015 contribution in her father’s 
memory, which brings the William T. Golden Fund for 
Program Innovation to more than $9 million, creates 
opportunities for initiatives not otherwise possible, 
and will enhance AAAS’s ability to pursue creative, 
innovative endeavors well into the future.  

Leshner Leadership 
Institute Fellows 
Announced
AAAS has announced the 
first fellows of the Alan I. 
Leshner Leadership Institute 
for Public Engagement with 
Science. All are climate 
scientists with an interest in 
promoting dialogue between 
science and society. 

The fellows will plan 
and implement climate 
communication activities 
with assistance from AAAS 
and work to promote 
public engagement within 
their institutions and 
professional communities. 
In June 2016, the Leshner 
fellows will convene at AAAS 
headquarters for a week 
of public engagement and 

science communication training, networking, and 
plan development.

The Leshner Leadership Institute was established 
in 2015 with support from more than 130 
philanthropic gifts. The first cohort will focus on 
climate change; the second will address infectious 
disease. Subsequent fellows will focus on other areas 
of science. To learn more about this work and how 
to support it, contact the Office of Philanthropy and 
Strategic Partnerships at 202-326-6636. 

 
First AAAS Marion Milligan Mason Awards Honor 
Early Career Women Chemists
In October 2015, the first AAAS Marion Milligan 
Mason Awards for Women in the Chemical Sciences 
were awarded to four outstanding women. The 
awards, made possible by a $2.2 million bequest to 
AAAS, provide each chemist with $50,000 to ramp 
up their research projects while mentoring their own 
students. Marion Mason’s gift honors her family’s 
commitment to higher education for women. (See 
also the Education, Outreach, and Careers section of 
this report.)

Marion Milligan Mason Award Winners: From left, Rush Holt, Shirley Malcom, and Geraldine 
Richmond, representing AAAS, joined winners Luisa Whittaker-Brooks, Kristin Parent, Katherine 
Mackey, and Alison Fout. At right is AAAS Board Member Laura Greene.

PHOTO: MICHAEL COLELLA/COLELLADIGITAL.COM
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Eric Lander
AAAS PHILIP HAUGE ABELSON PRIZE 
PHOTO: TONY CENICOLA/THE NEW YORK TIMES/REDUX

The Philip Hauge Abelson Prize, established in 1985, is awarded to a public servant in recognition of 
sustained exceptional contributions to advancing science, or to a scientist whose career has been 
distinguished both by scientific achievement and other notable services to the scientific community.

Dr. Eric Lander was recognized for advancing science and serving society through his extraordinary 
contributions to science, and for his ability to explain science to the public and students as well as his work 
bringing science to bear in serving the public.

 Sir Peter Gluckman 
AAAS AWARD FOR SCIENCE DIPLOMACY

Established in 2010, the AAAS Award for Science Diplomacy recognizes an individual or a limited number 
of individuals working together in the scientific and engineering or foreign affairs communities to make an 
outstanding contribution to furthering science diplomacy.

Professor Sir Peter Gluckman was recognized for transforming the theory and practice of science 
diplomacy in New Zealand and internationally, and for uniting national science advice by successfully 
bringing both fields together into a global network to strategically address global challenges.

The AAAS awards celebrate the achievements of extraordinary scientists, engineers, educators, 

and journalists. We congratulate each of our distinguished winners.

AAAS Awards and Prizes
20 
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Jean Maria Arrigo 
AAAS AWARD FOR SCIENTIFIC FREEDOM AND RESPONSIBILITY
The AAAS Award for Scientific Freedom and Responsibility, established in 1980, honors scientists, 
engineers, and their organizations whose exemplary actions, sometimes taken at significant personal cost, 
have served to foster scientific freedom and responsibility.

Dr. Jean Maria Arrigo was honored for her courage and persistence in advocating for ethical behavior 
among her fellow psychologists, the importance of international human rights standards, and against 
torture.

Mark Rosin 
AAAS EARLY-CAREER AWARD FOR PUBLIC ENGAGEMENT WITH SCIENCE

The AAAS Early-Career Award for Public Engagement with Science, established in 2010 through the 
generosity of several AAAS donors, recognizes early-career scientists and engineers who demonstrate 
excellence in their contribution to public engagement with science activities.

Dr. Mark Rosin was honored for his broad range of creative and sustainable public-engagement strategies 
that target audiences who may not be actively seeking science information.

Mark Miodownik 
AAAS AWARD FOR PUBLIC ENGAGEMENT WITH SCIENCE
The AAAS Award for Public Engagement with Science, formerly the Award for Public Understanding of 
Science and Technology, was established in 1987 and recognizes working scientists and engineers who 
make outstanding contributions to the “popularization of science.”

Dr. Mark Miodownik was recognized for his enthusiastic and successful commitment to public engagement, 
and for igniting a sense of wonder about the world by unveiling the interplay between science, engineering, 
and the society.

Christine Grant 
AAAS MENTOR AWARD 
The AAAS Mentor Award, established in 1996, honors AAAS members who have mentored significant 
numbers of students from underrepresented groups, or who have changed the  climate of a department, 
college, or institution to significantly increase the diversity of students pursuing and completing doctoral 
studies in the sciences. This award is directed toward individuals who have mentored students for less than 
25 years.

Dr. Christine Grant was recognized for facilitating dramatic education and research changes that are 
leading to a significant production of African American doctorates and females in chemical engineering.

Saundra Yancy McGuire 
AAAS MENTOR AWARD FOR LIFETIME ACHIEVEMENT
The AAAS Mentor Award for Lifetime Achievement, established in 1991, honors AAAS members who have 
mentored significant numbers of students from underrepresented groups, or who have changed the climate 
of a department, college, institution, or field to significantly increase the diversity of students pursuing and 
completing doctoral studies in the sciences. This award is directed toward individuals with more than 25 
years of success in mentoring students.

Dr. Saundra Yancy McGuire was recognized for her transformative impact and contributions toward 
creating a diverse doctorate workforce in the field of chemistry.

33

Rita Elmore of AAAS, with Eric Lander, winner of the AAAS Philip Hauge Abelson Prize.

PHOTO: ©2016 ATLANTIC PHOTO—BOSTON
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AAAS/SUBARU SB&F PRIZES FOR EXCELLENCE IN SCIENCE BOOKS
The AAAS/Subaru SB&F Prizes for Excellence in Science Books, established in 2005, 
celebrate outstanding science writing and illustration for children and young adults.

AAAS NEWCOMB CLEVELAND PRIZE 
Supported by The Fodor Family Trust

The Association’s oldest award, the AAAS Newcomb Cleveland Prize was established in 1923 with funds donated by 
Newcomb Cleveland of New York City. Now supported by The Fodor Family Trust, the Prize acknowledges an outstanding 
paper published in the Articles, Research Articles, or Reports sections of Science.

The 2014-2015 Newcomb Cleveland Prize was awarded to Bi-Chang Chen, Wesley R. Legant, Kai Wang, Lin Shao, Daniel 
E. Milkie, Michael W. Davidson, Chris Janetopoulos, Xufeng S. Wu, John A. Hammer III, Zhe Liu, Brian P. English, Yuko 
Mimori-Kiyosue, Daniel P. Romero, Alex T. Ritter, Jennifer Lippincott-Schwartz, Lillian Fritz-Laylin, R. Dyche Mullins, Diana 
M. Mitchell, Joshua N. Bembenek, Anne-Cecile Reymann, Ralph Böhme, Stephan W. Grill, Jennifer T. Wang, Geraldine 
Seydoux, U. Serdar Tulu, Daniel P. Kiehart, and Eric Betzig for their outstanding research article, “Lattice light-sheet 
microscopy: Imaging molecules to embryos at high spatiotemporal resolution,” published in Science 24 October 2014.

CHILDREN’S SCIENCE  PICTURE BOOK
A Chicken Followed Me Home! Questions and Answers About  a Familiar Fowl 

Robin Page, Author and Illustrator(Beach Lane Books)

MIDDLE GRADES  SCIENCE BOOK
The Octopus Scientists:  Exploring the Mind of a MolluskSy Montgomery

(Houghton Mifflin  Harcourt)

HANDS-ON  
SCIENCE BOOK
A Kid’s Guide to  
Keeping Chickens 
Melissa Caughey
(Storey Publishing)

YOUNG ADULT SCIENCE BOOKHow to Clone a Mammoth:  The Science of  
De-Extinction
Beth Shapiro
(Princeton University Press)

B-36

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 41 of 461
(86 of 506)



35INNOVATION, INFORMATION, AND IMAGING

AAAS KAVLI SCIENCE JOURNALISM AWARDS
These awards, endowed by the late Fred Kavli and The Kavli Foundation, recognize excellence in reporting for a 
general audience and honor individual reporters for their coverage of the sciences, engineering, and mathematics. 
A generous doubling of the program endowment by The Kavli Foundation permitted two awards in each of the 
eight categories for the first time—a Gold Award and a Silver Award—and opened the competition to entries from 
journalists worldwide.

LARGE NEWSPAPER— 
CIRCULATION OF 150,000 OR MORE
Gold Award
Andrea K. McDaniels
The Baltimore Sun

Silver Award
Nathaniel Herzberg
Le Monde

SMALL NEWSPAPER— 
CIRCULATION LESS THAN 150,000
Gold Award
Matthew Miller
Lansing State Journal

Silver Award
Helga Rietz
Neue Zürcher Zeitung (Switzerland)

MAGAZINE
Gold Award
Alexandra Witze
Nature and Science News

Silver Award
Amanda Gefter
Nautilus

TELEVISION SPOT NEWS/FEATURE REPORTING  
(20 MINUTES OR LESS)
Gold Award
Katie Campbell
KCTS 9 (Seattle)

Silver Award
Miles O’Brien
PBS NewsHour

IN-DEPTH REPORTING (MORE THAN 20 MINUTES)
Gold Award
Jonathan Renouf and Alex Freeman
BBC

Silver Award
Lone Frank and Pernille Rose Grønkjær
Danish Broadcasting Corporation

RADIO
Gold Award
Rami Tzabar and Angela Saini
BBC Radio 4 and BBC World Service

Silver Award
Dan Kraker and Elizabeth Dunbar
Minnesota Public Radio

ONLINE
Gold Award
Mark Harris
Backchannel

Silver Award
Kevin Sack, Sheri Fink, Pam Belluck and Adam 
Nossiter, with Daniel Berehulak, Dan Edge (for 
Frontline), and The New York Times graphics team
The New York Times

CHILDREN’S SCIENCE NEWS
Gold Award
Stephen Ornes
Science News for Students

Silver Award
Joan Cartan-Hansen
Idaho Public Television
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SECTION ON  
AGRICULTURE, FOOD,  
AND RENEWABLE  
RESOURCES 

Arthur G. Appel
Kathryn J. Boor
Judith K. Brown
Ronald David Green
Michael Andrew Grusak
Jan W. Hopmans
Ken Lee
Andrew (Sandy) M. 

Liebhold
Thomas L. Marsh
Philip Gordon Pardey
Randall S. Prather
James M. Reecy
Mark R. Riley
R. Michael Roberts
G. Philip Robertson
Daniel P. Schachtman
Ravi Prakash Singh
Zhiyong Wang
Frank F. White
Roger Philip Wise

SECTION ON  
ANTHROPOLOGY

Timothy G. Bromage
Bruce M. Latimer
Thomas W. McDade
Kathleen A. O’Connor
Michael D. Rose
Richard R. Wilk

SECTION ON 
ASTRONOMY 

Sarbani Basu
Edmund Bertschinger
Matthew Colless
Lucy-Ann A. McFadden
Timothy A. McKay

SECTION ON  
ATMOSPHERIC AND  
HYDROSPHERIC 
SCIENCE 

Claudia Benitez-Nelson
David Bromwich
Qiang Fu
William H. Hooke
Michael D. King
Brian K. Lamb
Zhanqing Li
Jean Lynch-Stieglitz
Sergey A. Nizkorodov
Ronald S. Oremland
Marc B. Parlange
Cora Einterz Randall
Jose M. Rodriguez
Dennis Tirpak
Compton James Tucker III

SECTION ON 
BIOLOGICAL SCIENCES

Cheryl H. Arrowsmith
Irina Artsimovitch
Jacques Balthazart
Tamar Barkay
Michelle Barton
Steven R. Beissinger
Michael A. Bell
Keith Louis Bildstein
Douglass L. Black
Julie A. Brill
Emily A. Buchholtz
Zachary F. Burton
Andrea Califano
Yury Chernoff
Karlene A. Cimprich
Jerry David Cohen
David O. Conover
Nancy J. Cox
Gerald R. Crabtree
Kendra L. Daly
Hans G. Dam Guerrero

Frédéric J. de Sauvage
John DiGiovanni
Beverly M. Emerson
Christoph J. Fahrni
Melville Brockett Fenton
Gerald R. Fink
Maureen Anne Gannon
Scott Lyell Gardner
Pamela K. Geyer
Helen Haskell Hobbs
Leonard (Jim) S. 

Jefferson
Hailing Jin
Paul Stephen Keim
Hannah L. Klein
Alberto R. Kornblihtt
Damian J. Krysan
Dennis Edward Kyle
David L. Lentz
Arthur Mallay Lesk
Maria C. Linder
Erik A. Lundquist
Pierre P. Massion
Michael J. Matunis
William W. Metcalf
Armin Philipp Moczek
Cynthia Casson Morton
Robert K. Moyzis
Steven A. Murawski
Gerd P. Pfeifer
Ellen K. Pikitch
David W. Piston
Carolyn M. Price
Jan A. Randall
Joseph C. Reese
Louise A. Rollins-Smith
David G. Schatz
Brian Silliman
Temple F. Smith
C. Neal Stewart, Jr.
Beth A. Sullivan
LuZhe Sun

Song Tan
Carolyn M. Teschke
Joe M. Tohme
Kenneth W. Turteltaub
Ratna K. Vadlamudi
Ilya Vakser
William Edward Walden
Wenyi Wei
Beverly Wendland
Dong Xu
Philip L. Yeagle
William E. Zamer
Janos Zempleni
Ning Zheng

SECTION ON 
CHEMISTRY

David B. Berkowitz
William F. Carroll, Jr.
Arthur J. Carty
Xi Chen
Luis A. Colón
Gregg B. Fields
Leonard W. Fine
Edith M. Flanigen
Cassandra L. Fraser
Ingrid Fritsch
Peter F. Green
Masa-aki Haga
Craig Jon Hawker
Christopher P. Jaroniec
Michael Lawrence Klein
Lon B. Knight, Jr.
Shu Kobayashi
Amnon Kohen
Bern Kohler
Jay A. LaVerne
Dennis L. Lichtenberger
Timothy E. Long
Walter Loveland
Michael J. Maroney
E.W. “Bert” Meijer

Joseph S. Merola
David E. Morris
Kate H. Murashige
Ralph G. Nuzzo
M. Parans Paranthaman
Robin N. Perutz
Reuben J. Peters
Eli Pollak
Andrzej Rajca
Tariq M. Rana
Louis Terminello
Rao M. Uppu
R. Bruce Weisman
Paul H. Wine
Jay R. Winkler
Jackie Y. Ying
Timothy S. Zwier

SECTION ON 
DENTISTRY AND ORAL 
HEALTH  
SCIENCES

William Giannobile
Francis L. Macrina
Thomas E. Van Dyke

SECTION ON 
EDUCATION 

Carol Bender
Lin Chambers
Edward E. Geary
Theodore Hodapp
Watson M. Laetsch
Rochelle D. Schwartz-

Bloom
Samuel M. Taylor

SECTION ON 
ENGINEERING

James Hiram Aylor
David F. Bahr
Ian Baker
Karl K. Berggren

AAAS Fellows20 
1 5

AAAS Fellows are elected annually by the AAAS Council for meritorious efforts to advance 

science or its applications. Fellows have made significant contributions in areas such as research, 

teaching, technology, services to professional societies, and the communication of science to the 

public. The following members, presented by Section affiliation, were elected Fellows in fall 2015. 

AAAS congratulates them and thanks them for their services to science and technology.
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Venkat R. Bhethanabotla
R. Byron Bird
Marc Cahay
Shu Chien
Lalit Chordia
Ted Allen Conway
Dennis E. Discher
Jon Dobson
Dominique M. Durand
Greg Evans
Yuguang “Michael” Fang
Donald P. Gaver III
K. Jane Grande-Allen
Vincent G. Harris
Kevin J. Hemker
Marwan K. Khraisheh
Timothy L. Killeen
Shankar Mahalingam
William H. Mischo
Sushanta K. Mitra
Babatunde Ogunnaike
Martin Richardson
Ian M. Robertson
Shelly E. Sakiyama-

Elbert
Mark T. Swihart
Michael W. Vannier
Haiyan Wang
Hong Yang
Tian C. Zhang
Yuwen Zhang
Andrew L. Zydney

SECTION ON GENERAL 
INTEREST IN SCIENCE 
AND ENGINEERING 

Barry Aprison
Carla Carlson
Monica M. Metzler
David Evans Shaw

SECTION ON GEOLOGY 
& GEOGRAPHY 

Marie-Pierre Aubry
Annalisa Berta
David P. Dethier
Jacqueline Eaby Dixon
Timothy H. Dixon
Frank R. Ettensohn
Janet Franklin
Andrew J. Friedland
Steve Frolking
Nancy L. Jackson
R. James Kirkpatrick

Paul L. Koch
M. Susan Lozier
Michael Mann
Douglas Burton  

Richardson
J. Donald Rimstidt
David Stahle

SECTION ON HISTORY 
AND PHILOSOPHY OF 
SCIENCE

Anne Fagot-Largeault
Sandra D. Mitchell

SECTION ON 
INDUSTRIAL SCIENCE 
& TECHNOLOGY

Hiroshi Nagano
Shigeo (Ted) Oyama
Philip Shapira
Thomas Zacharia

SECTION ON  
INFORMATION,  
COMPUTING & 
 COMMUNICATION 

Legand L. Burge III
James W. Demmel
Bruce Randall Donald
Kenneth M. Ford
Bruce Hendrickson
Anna W. Topol
Erik Winfree
Victor W. Zue

SECTION ON 
LINGUISTICS & 
LANGUAGE SCIENCES

Victor Golla
John J. McCarthy

SECTION ON  
MATHEMATICS

Daniel L. Goroff
Peter Kuchment
Reinhard C. 

Laubenbacher
Howard A. Levine

SECTION ON MEDICAL 
SCIENCES

Joey V. Barnett
Peter A. Barry
Gordon R. Bernard
Robert David Burk
John M. Carethers

Gen-Sheng Feng
Michael A. Frohman
Stephen J. Galli
Gabriel Hortobagyi
Robert E. Hurst
Christopher D. Kontos
Mitchell Kronenberg
Calvin J. Kuo
E. Douglas Lewandowski
Asrar B. Malik
Robert J. Matusik
Lopa Mishra
Beverly S. Mitchell
Vincent Monnier
Hugh M. O’Brodovich
Paul A. Offit 
Mark E. Peeples
Mark R. Philips
David Joseph Pintel
Vito Quaranta
Peter S. Rabinovitch
William N. Rom
Jeffrey M. Rosen
Victor L. Schuster
Alan L. Scott
Melinda Wharton
Mark Yeager
Qing Yi

SECTION ON  
NEUROSCIENCE

Edwin George (Ted) 
Abel III

Robert E. Burke
John R. Huguenard
Anumantha G. 

Kanthasamy
Edward H. Koo
Shinn-Zong Lin
Paul S. Mischel
Louis J. Ptáček
Thomas A. Rando
Anna Wang Roe
William W. Seeley
Michael N. Shadlen
Pamela Jean Shaw
Steven A. Siegelbaum
Ethan R. Signer
Edward L. Stuenkel
Kent E. Vrana

SECTION ON  
PHARMACEUTICAL  
SCIENCES

James T. Dalton
Courtney V. Fletcher
Stephen B. Howell
Patricia D. Kroboth
Cynthia Moreton Kuhn
Richard R. Neubig
Alan Paau
Doodipala Samba Reddy

SECTION ON PHYSICS 

Mark A. Eriksson
Raymond Fonck
Martin Greven
Andreas J. Heinrich
A.T. Charlie Johnson, Jr.
Steven M. Kahn
Duncan McBride
Adilson E. Motter
Sekazi Kauze Mtingwa
Beate Schmittmann
Gary Shiu
Michelle Simmons
Mark Trodden

SECTION ON 
PSYCHOLOGY

Rebecca D. Burwell
Laurence Baker Leonard
David G. Myers
Scott Plous
J. Edward Russo
Paula R. Skedsvold
Kiran K. Soma
Jeffrey M. Zacks

SECTION ON SOCIAL, 
ECONOMIC AND  
POLITICAL SCIENCES 

Chloe E. Bird
Thomas A. DiPrete
Jerald Hage
Marie Currie Thursby

SECTION ON SOCIETAL 
IMPACTS OF SCIENCE 
AND ENGINEERING

Cathleen A. Campbell
David Goldston
Owen D. Jones
Kathleen M. Rest

SECTION ON 
STATISTICS 

Michael Paul Cohen
Bruce A. Craig
Patricia A. Jacobs
Alan F. Karr
Stephen Portnoy
James Matthew Robins
Daniel O. Stram
Chih-Ling Tsai
Alyson G. Wilson
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Acknowledgment of Contributors 
and Patron Members

The AAAS Board of Directors gratefully acknowledges the individuals and organizations whose 

commitment to AAAS has sustained our efforts to advance science in the service of society and 

supported new activities in 2015.

Lifetime Giving Society
The Lifetime Giving Society recognizes individuals who have contributed a cumulative total of 
$100,000 or more during the course of their involvement with AAAS.

Stephen & Janelle Fodor
Sibyl R. Golden
Fred Kavli†

Alan & Agnes Leshner

Edith D. Neimark
Gilbert S. Omenn & Martha A. Darling
Daniel Pinkel
The Pitts Family

Carol Raugust†

The Roger & Ellen Revelle Family
David E. Shaw & Beth Kobliner Shaw
William F. Ward†

Edison Society 
The Edison Society recognizes individuals who pave the way for the success of AAAS and our 
efforts on behalf of science and society through their leadership gifts throughout the year. 

$100,000  
and above
Sibyl R. Golden &  

the Golden Family 
Daniel Pinkel
Carol T. Raugust†

$50,000–$99,999
Kenneth A. Cowin
Stephen & Janelle Fodor
Benjamin C. Hammett
Alice S. Huang & David 

Baltimore
Lawrence H. Linden
Phillip A. & Ann H. Sharp
David E. Shaw &   

Beth Kobliner Shaw
William F. Ward†

$25,000–$49,999
Rush Holt & Margaret 

Lancefield
Alan & Agnes Leshner
John W. Rowe, M.D.
David Evans Shaw

$10,000–$24,999
The Barkley Fund
Lewis & Connie Branscomb
Denise N. & Gary S. David
Gregory S. Ferriss
Randal J. Kirk
Pauline P. Lee, in memory of 

Bernard S. Lee
Dennis Liotta
Robert B. Litterman
Gordon E. & Betty I. Moore
Gilbert S. Omenn &  

Martha A. Darling
Edward E. Penhoet
Robert & Joan Rechnitz

20 
1 5

†Deceased

“ I support AAAS because of its critical role in educating 

lawmakers so that they better understand the science  

behind policy decisions.” – Kenneth A. Cowin
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$5,000–$9,999
Anonymous, in memory 

of Myrtle Ray Zeiber, 
Jill Sharon Sheridon, 
Tucker Hake

Janet J. Asimov
Fred A. Blum
Vinton G. Cerf
Helen R. Churella
Albert T. Dosser
Christopher Eisgruber, 

in memory of Helen 
Froelich Holt

Claire M. Fraser
Phil George
Nancy Knowlton & 

Jeremy Jackson
Ronald D. Miller
Jeffrey Toney
Philip C. Trackman
Dr. Fernando J. Zúñiga-

y-Rivero

$2,500–$4,999
Anonymous (2)
David R. Atkinson
Gary & Fay Beauchamp
Jerry A. Bell & Mary Ann 

Stepp
Hans Bergstrom
Andrew L. Brill
Helena L. Chum
Jerolyn A. Coen
Roy Curtiss III
Troy E. Daniels
Michael A. Janssen
S. David Leonard
Carol B. Lynch
Cherry A. Murray
Stephen Roper & Nirupa 

Chaudhari
Arnold Roy
Thomas A. & Cynthia 

Woolsey

$1,000–$2,499
Anonymous (6)
Bruce M. & Betty Alberts
Tim Appenzeller
John A. Armstrong
George E. Arnstein

Ersen Arseven
David P. Bahner
David P. Balamuth
R. Larry Baldwin
Mary C. Barber
Roger & Terry Beachy
Nicholas A. Begovich
Daniel Berg
Margaret & Will Betchart
Dennis M. Bier
Andrew Black & Miriam 

Bocarsly
Peter D. Blair
Carla Blumberg
Kim Bottomly
Peter Boyer
Monica M. & E. James 

Bradford
Dr. Robert F. Brammer
Richard G. Brennan
Robert M. Brenner
James I. Garrels & Joan 

E. Brooks
Myles Brown & Judy 

Garber
Hal E. Broxmeyer, Ph.D.
Harold E. Burkhart
Jean B. Burnett
Robert L. Byer
Peter Byers
Marc A. Carrasco
Carolyn L. Cason
Ann D. Catlett
Carlton M. Caves
Martin A. Cheever
Maarten J. Chrispeels
Kathleen K. Church
John M. Clough, Jr.
Mary E. Clutter
Edward H. Coe, Jr.
Rita R.  & Jack H. Colwell
Jeffrey A. Cooper
Vincent D’Aco
William H. Danforth
Peter B. Danzig
Jean de Valpine
Jeffrey S. Dean
John T. Deane
George E. DeBoer
Hans G. Dehmelt
Elizabeth E. Ehrenfeld

Henry L. Ehrlich
Charles & Shirley 

Eigenbrot
Larry D. & Kas Eldridge
Ahmed Elmagarmid
William B. Fagan
Federico Faggin
Mary C. Farach-Carson
Craig & Alison Fields
John F. Finerty
Jerry & Nancy Fishman
Robert C. Forney
Richard A. Frankel
Claire M. Fraser, in 

memory of Helen 
Froelich Holt

Gordon J. Freeman
Craig & Barbara 

Froelich, in memory of 
Helen Froelich Holt

Dr. William & Julie 
Montgomery 
Fulkerson

James I. Garrels & Joan 
E. Brooks

Donald P. Gaver, Jr.
Michael S. Gazzaniga
Theodore H. Geballe
Joseph L. Giegel
Howard Gobstein
Erwin Goldberg, 

Professor Emeritus
David J. Goldston
Jesus Gomez-Navarro
Mary L. Good
Jeffrey C. Gore
David A. Goslin
Robert J. Gould
Mark L. Green
Laura H. Greene, in 

memory of Helen 
Froelich Holt

Donald P. Harrington
Hanns Hasche-Kluender
Jon Hauxwell
T. Bain Henderson
Donald E. Henson
Thomas L. Henson
John E. Hiatt
Manju Hingorani & Anish 

Konkar
Douglas L. Hintzman

Richard D. Holland
Rush Holt & Margaret 

Lancefield, in memory 
of Helen Froelich Holt

Gabriel N. Hortobagyi
Gordon R. Hough
David C. Humm
Joan Morthland 

Hutchins
Nina G. Jablonski & 

George Chaplin
Irwin & Joan Jacobs 
Marjorie L. Jennings
Alwyn N. Johnson
Valerie Freireich Kaplan
Arthur Kendall
Anthony L. Komaroff & 

Lydia Villa-Komaroff
Benjamin J. Kuipers
Victor W. Laurie
Jeff Lawrence
Ryan V. Lawson
Catherine & George 

Ledec
Mark T. Lewellyn
Thomas R. Ligon
Yan Linhart
John D. C. Little
Jane Lubchenco
Craig C. Malbon
Shirley & Horace 

Malcom
Maria Julia Marinissen
Mary Mathias, in 

memory of Helen 
Froelich Holt

Jim & Sue McCarthy
Layton L. & Elizabeth 

Ann McCoy
John M. McGhee
Douglas P. McNutt
Marcia K. McNutt
David Meinke
John & Frances Melone
John T. Melson
Richard A. & Martha R. 

Meserve
Orlando J. Miller
O. Eugene Millhouse
Stephen Mitchell
Don S. Miyada
Robert L. Molinari

C. Dan Mote, Jr.
William A. Murphy, Jr.
Venkatesh 

Narayanamurti
Paul E. Neiman, MD
Billie C. Nelson
Richard A. & Joan F. 

Newmark
John E. Niederhuber
Concepcion R. Nierras
Ronald & Joan Nordgren
Carolyn L. Orthner
Vivian Pan & Mark Norell
Claire L. Parkinson
John Peoples, Jr.
Roger M. Perlmutter
Joseph G. Perpich & 

Cathy Sulzberger
Judith A. Petroski & 

William Wiegand
Kerry Phillips
Thomas G. & Maryann 

Polefka
Dr. William H. Press & 

Jeffrey F. Howell
Doug Redelman
Martin C. Richardson
Dr. Ren L. Ridolfi
Celeste Rohlfing
Antonio H. Romano
Jo Ellen & Mark 

Roseman
Robert Rosenthal
Michael Roytburd
David D. & Zulema J. 

Sabatini
K. A. Sackler
Barbara A. Schaal
P. Jackson Schad
Paul L. Schmidbauer
Cecily C. Selby
William C. Sellyey
Steven & Gail Shak
Bassam & June 

Shakhashiri
Harold T. Shapiro
John Sharp
Joel & Janine Shaw
Eric M. Shooter
Richard B. Silverman
Andrew D. Sinauer

President’s Circle
Each year, contributions from our President’s Circle donors support our most timely and important activities.
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Henry B. Sinclair
Maxine & Daniel Singer
Edward S. Spoerl
Marcy St. John & Jim 

Howell
Juli Staiano & Marc 

Washington
Colleen Struss
F. William Studier
Donald A. Swanson
Alar Toomre
Orlin D. Trapp
Leon Trilling
Gertrude M. Tyce
Daniel C. Upp
James M. Utterback
Kalliat T. Valsaraj
Dr. George F. Vande 

Woude
Inder M. Verma
Dan Vickery & Carolyn 

Myers
Bailus Walker, Jr.
Robert J. Weimer
Thomas E. Wellems
Corwith C. White
Ralph R. Widner
Mary Woolley
Philip J. & Carolyn Wyatt
Oran R. Young

$500–$999
John D. Aach
Sherburne Abbott
Ashley J. Aberg
Naji N. Abumrad
Heman P. Adams
Ernest Adelman
Nancy W. Alcock-Hood
Edward Anders
James M. Anderson
Weston Anderson
Nancy Andrews
John C. Angus
Anonymous (11)
Bradley C. Antanaitis
Kenneth B. Armitage
A. Arnheim
Thomas Arny
Timothy N. Ayres
Diola Bagayoko
Ian Baker
Mary Ann Baker
Craig & Barbara Barrett
Thomas R. & Johanna K. 

Baruch
Edwin D. Becker
Arden L. Bement, Jr.

J. Claude Bennett
Leo L. Beranek
Paul Berg
R. Byron Bird
William & Suzan Black 
C. John Blankley
Mordecai P. Blaustein
Martin Blume
Felix H. Boehm
Stuart Bondurant
Dr. Gary E. Booth
John G. Bordie
Adele L. Boskey, PhD
Edward M. Boughton
David Bouwman
Benjamin Bova
John Brademas
Roscoe R. Braham, Jr.
Richard Brandshaft
William F. Brinkman
David H. Bromwich
Stephen P. Buckmaster
Elizabeth A. Bush
Joost A. Businger
Bruce F. Cameron
Bruce A. Carlson
Dana Carroll
Thomas G. Carter
Dr. Gary L. Cecchini
Victor T. Chang
Tom D. Y. Chin
Reginald C. Chisholm
Dr. Purnell W. Choppin
Jon C. Clardy
Thomas E. Clemente
Marshall P. Cloyd
J. John Cohen
Joseph M. Colacino
Garry T. Cole
E. William Colglazier, Jr.
Bruce P. Conrad
Harry R. Conrad
Polly Gault & Benjamin 

Cooper
Thomas A. Cotton
Richard H. Cox
Lucas Cox-Galhotra
Bowman Cutter
P. Daniel Dapkus
Donald Barb & Bruce 

Davidson, in memory 
of Helen Froelich Holt

Trisha N. Davis & Eric G. 
Muller

W. Jackson Davis
David H. de Weese & 

Anne C. Heller
Ken & Helen DeGhetto

Robert J. DeLap
Sharon Y. R. Dent
C. W. Dewitt, Jr.
Bruce L. Dietrich
Grace M. Donnelly
Dr. Ruth A. Douglas
Kenneth Downing
Michael P. Doyle
Richard D. Drake
Josee Dupuis
Loyal & Bernice Durand
Ira Dyer
Elizabeth D. Earle
Giuseppina Fabbiano &  

Martin Elvis
Charles W. Eriksen
Mark A. Espeland
Allison F. Fentiman
Gillian M. Fenton, Esq.
Maria Pontes Ferreira
Kevin Finneran
Rosemary Flora
Hans Frauenfelder
Joel M. Friedman
Michael B. Friedman
Dennis G. Fryback
Robert Frye
Charles G. Gaines
Steven D. Gaines
Sanjiv Gambhir
Dr. S. Raymond 

Gambino
Sandra J. Gendler
Anne E. Giblin
Michael A. Gibson
Sirie Godshalk
Robert M. Goodman
Marvin & Barbara 

Gordon-Lickey
Patricia Anne Grady
Kim L. Graham
Temple Grandin
Richard L. Greene
Irene Greif & Albert 

Meyer
Donald F. Grether
Louis J. Gross
Duane E. Haines
Thomas H. Haines
Alfred W. Hales
Dennis Hall
Jana Hall
Daniel A. Hamlin
John G. Harkins
William K. Hart
Robert H. Hasek
John H. Hash
Roy M. Havenhill

Fernand A. Hayot
Robert & Margaret 

Hazen
Robert E. Healing
Arthur F. Hebard
Siegfried S. Hecker
Susan J. Henning
Peter K. Hepler
Eric Hequet
Charles E. Hess
John R. Hess
Kim Q. Hill
William E. Himwich
Susan M. Hinkins
Mary Y. P. Hockaday
Susan Hockfield
Jacquelyn Hoke, in 

memory of Julius U. 
Hoke

Raymond W. Holton
Ray Hood
Simon Horenstein
Peter V. Hornbeck
Owen M. Hubbard
David W. Ignat
James S. Jackson
Shirley A. Jackson
Karen S. Jakes
Joseph R. Jehl, Jr.
Richard A. Jenkins
Ryan J. Jense
Richard Johnson
Michael M. Kaback
Elaine Kant
Elizabeth Karplus
Michael M. Keller
James M. Kendall
David E. Kerley
Sung W. Kim
Thomas Kinraide
Miles V. Klein
Kurt Klitzke
John S. Kovach
Maria Kovacs
Alan G. Kraut
Jerome Kutliroff
The Robert C. and Jane 

E. Ladner Charitable 
Fund

Adam P. Lally
Jiji Landon
Donald N. Langenberg
Myron C. Ledbetter
Ferrol Lee
Cecil E. & Mary L. Leith
Richard E. Lenski
Howard Leventhal
Roger Levien

Daniel J. Lew
Macrae F. Linton
Paul Lovoi
William L. Lupatkin
William B. Lyons
Merritt C. Maduke
Artur Mager
Hilda & Ed Maibach
Mardi & Michael 

Maitland
John C. Makemson
Scott L. Manske
David J. March
Elizabeth Marincola
Donald Marsh
Jed B. Marti
Christopher L. Martin
Ian H. Mather
Melanie A. Mayes
Chris L. McAuliffe
William D. McCormick
Marla S. McIntosh
Anastasios Melis
John R. Menninger
Frederick J. Meyers
Elizabeth Michael
Sally D. Slowman 

Middleton
Dennis F. Miller
Katherine R. Miller
Barton Milligan
Heather Miyagi
William E. & Sharon 

Moerner
Bruce Molholt
Ernest J. Moniz
Jean I. Montagu
James D. Moore
Bayard H. Morrison
Edward Moses
Stewart Lee Moses
Deane F. Mosher
Steven C. Moss
Catherine J. Murphy
Nalini Nadkarni
Carl F. Nathan
Larry B. Neisess
Robert M. Nelson
Jeanne M. Nerbonne
Kevin E. Noonan
Jerrold G. Norton
Daniel J. O’Connell
John P. O’Connell
George N. & Martha 

Oetzel
Paul A. Offit
Carmen Olito
Douglas L. Oliver

†Deceased
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Kathie L. Olsen
Philip W. Oppenheimer
Lyman A. Page
Bob Palmer & Mary 

Christman
Rudolph Pariser
John H. Parker
Claudio Pellegrini
Glen Perry
Betty Lemex Petrie
Diana E. Pinover
Amy & John Porter
William B. & Annette 

Provine
Jerome S. Puskin
R.K. & G.J. Rains
Stephen Rayport
Donald G. Rea
Francis Repas
Samuel Ribnick
Charles M. Rice III
Edward K. Rice
Dr. M. Lee Rice
Burton Richter
Richard Ridgway
Thomas C. Rindfleisch
Neil Risch
David Robertson
Juan G. Roederer
Ted Boyer & Jane Rohlf
Dr. John W. Rose
Beth A. Rosner
Thomas A. & Bonnie M. 

Rosse
George C. Rovnyak
Michael Roytburd
Lynn Rozental
David J. Salant
Dennis S. Santella
Marcus C. Sarofim
Woody & Lyn Savage
Michael Savelli
David H. Schaefer
Jeffrey D. Schall
Cherylann Schieber
Nicholas Schlageter
Paul R. Schloerb, M.D. & 

Louise Schloerb
Kirk & Bonnie Schmitt
Gunther Schubert
John & Ellen Schwab
Earl H. Sexton
Eric M. Shank
Charles J. Sherr
George C. Shields
George Shields
Dr. Nobumichi Shimizu

Jean’ne M. Shreeve
Kamal Shukla
Saul J. Silverstein
Joseph V. Simone
David J. Simons
Donald M. Simons
Bruce & Sue Simonson
Jonathan B. Skinner
James L. Smith
Linda C. Smith
W. R. Smith-Vaniz
Dr. Frank J. Sonleitner
George C. & Maradel B. 

Sonnichsen
Dorothy G. Spiewak
Eberhard A. Spiller
Allan C. Spradling
Weston M. Stacey
Albert T. Steegmann, Jr.
William G. Stevenson
James S. Stewart
Mark & Mary Ellen 

Stinski
James Stolzenbach
Edward C. Stone, Jr.
Michael P. Stone
Emily Stoneham
Rainer F. Storb
Truman Storvick
Herbert T. Streu
Richard C. Stroh
Janet B. Svirsky
Jack W. Szostak
Andy Terrel
Heriberto V. Thomas
William (Tom) Thomas
Jeremy W. Thorner
Robert W. Thresher
Keiko U. Torii
Milton C. Trichel
Michael S. Turner
Martin Vanderlaan
William Velick, MD
Nancy E. Warner, MD
Pamela J. Weathers
Kenneth L. Webb
John D. Weinland
William J. Welch
Kim R. Wennerberg
Matthew B. West
Elizabeth D. Whitaker
Luke J. Whitesell
Richard Whitkus
William M. Whitney
James A. Widtfeldt
Pauline Wiessner

Judith H. & John S. Willis
Felix E. Zajac III

We are grateful to the 
following donors for their
contributions of $100
or more:

$250–$499
Cyrus H. Adams
Mary B. Adams
Philip D. Aines
Gordon Aitken
Ramesh K. Akkina
Dolly Al Kobossy
Lizabeth A. Allison
Larry J. Anderson
Anonymous (17)
Naoko Arai
Frank Arnold
Miguel A. Asomoza
Thomas A. Asprey
Balasubramania H. 

Athreya
Marc S. Atkins
Paul A. Bartlett
John R. Barton
Steven J. Battel
Jean Beard
Ruth E. H. Beeton
Charles F. Bennett, Jr.
Joel S. Bennett
George E. Bigelow
Prof. Bigi
Jeffrey Blaustein
Bruce I. Blum
Jeremy M. Boss
Klaus R. Brasch
Frederick A. Briggs
Michael F. Briselli
Jon M. Brooks
Elisabeth M. Brown
Joseph L. Brown
Joseph P. Brown
Susan G. Brown
Duncan A. Buell
Bruce L. Bush
Virginia W. Campbell
Kevin R. Cantwell
Robert L. Carneiro
Peter C. Chabora
Theodore Chase, Jr., 

in memory of Helen 
Froelich Holt

Walter J. Chazin
Hillel J. Chiel
Stanley H. Christensen

Paul W. Chun
Allison Coffin
D. Walter Cohen
Marshall & Deborah 

Cohen
Sheldon H. Cohen
Taya Cohen
Sam Colgate
Barry S. & Bobbi Coller
C. Robert Cooke
Paul R. Cooley
Mary R. Corcoran
Patricia F. Cottam
J.E. Ross
James K. Coward
Gregory Cybul
John L. Daiss
Agustin P. Dalmasso
Joseph A. D’Anna, Jr.
Jan W. Dash
William Davis & Ellen 

Gagne, in memory of 
Helen Froelich Holt

Robin L. Davisson
Igor B. Dawid
Paula Dawson
Hans W. Decker
Kirk Deitsch
Robin L. Dennis
Robert J. Desnick
Robert Dickson
Andrea K. Dobson
W. Graeme Donovan
Eric Dowell
Robert A. Dudley
Daniel J. Dwyer
Samuel Earp
Garth D. Ehrlich
Franco Einaudi
Roger Eiss
Lincoln Ekstrom
Nancy A. Elliott
Edwin P. Ewing, Jr.
Sandra M. Faber
Herbert C. Field
Thomas H. Finlay
John D. Fletcher
The Honorable James 

Florio & Mrs. Florio
Margaret L. Fonda
Alma K. Forman
Joseph V. & Philomena 

M. Formica
Stephen P. Fortmann
Daniel W. Foster
Helen L. Foster
Robert S. Foster

William C. Fothergill
J. Lawrence Fox
Naomi C. Franklin
Joshua Freeman
Terry R. Freund
Bernd Fritzsch
A. K. Ganguly
Ann C. & R.H. Garstang
Terrence M. Gerlach
Irma Gigli
Theresa L. Gioannini
Robert G. & Alexandra C. 

Goelet
Edward & Judith Goetzl
David E. Golan
David M. Goldstein
John B. Goodenough
Charles D. Goodman
Kathleen L. Gould
Henry T. Greely
Rena C. Gropper
Howard J. Gunderson
C. David Gutsche
Nora A. Hackett
Albert L. Hale
Forrest G. Hall
Robert Hardy
Michael Harryman
Arthur T. Hewitt
Stuart Horling
Thomas K. Hunt
Leonard S. & Judith N. 

Hyman
Joseph P. Jacobson
Eileen Jaffe
Andre T. Jagendorf
Samson A. Jenekhe
Mari N. Jensen
Erik D. Johnson
Phyllis T. Johnson
Mark E. Jones
Peter C. Jordan
A. J. Jull
Richard J. Kahn
Burton S. Kaliski, Jr.
Isaac R. Kaplan
Brian Kassenbrock
Sylvia S. Kihara & Roger 

J. Neill
Toichiro Kinoshita
Michael S. Klassen
Harvey L. Kliman
Thornton C. Kline, Jr.
James J. Knierim
Kenneth M. Koester, Jr.
Charles E. Kolb
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Jimmy & Britt-Marie 
Forslund Kolker, in 
memory of Helen 
Froelich Holt

Barbara Kolmen
Edward J. Kormondy
Virginia L. Kortes
Bora Kostic
Bruce A. Kowert
Edward A. Kravitz
Philip R. Landon
Marke Lane
James S. Langer
Bruce L. Larson
David LaVine
David R. Lay
Velta Lazda
Margaret A. Le Mone
Chuan-Pu Lee
Douglass B. Lee, Jr.
Lela Lee & Norman 

Wikner
Richard A. Levinson
Sidney Liebes
Ira A. Liebson
Peter R. Limburg
Richard L. Lindroth
John H. Litchfield
Stephen C. Liu
Jennifer A. Logan
Richard Longnecker
Patricia C. Lorentzen
Thomas E. Lovejoy
Paul A. Luciw
Arthur Lupia
Daniel J. Luthringer
Gladys R. Maley
T. Mallouk
Carol Marder
Jan W. Mares
Jack S. Margolis
George D. Markham
Kevin M. McCauley
James M. McDonald
William H. McDowell
Cecile McKee
Gilbert W. Meier
Carolyn Meyer
Bernard Meyers
Charles D. Michener
Jon J. Michnovicz
Richard H. Milburn
Jerry W. Miller
Mark J. Miller
Victor Miller
William C. Mobley
Karen Mohlke
N. Christine Molina

Gerald L. Moore
Edward C. Mozley
Elizabeth H. Muench
Erik H. Murer
William & Jane Murray
Lyle E. Nelson
Mark F. Nelson
John R. Nesselroade
Elizabeth F. Neufeld
Clayton R. Nichols
Charles P. Nicholson
Thomas M. Niesen
John Noble
Osborne B. Nye
Berl R. Oakley
Jeffrey F. Oda
Donald D. O’Dowd
Robert B. Orr
Arie A. Passchier
Gregory Pederson
Edna R. Pereira
Bertha P. Person
Kurt & Carol Petersen
Terry M. Peterson
Julia M. Phillips
Ginger Pinholster
Jonathan A. Plucker
Jerome B. Posner
Bernal F. Powers, Jr.
Stephen C. Ragatz
Simon Ramo
John C. Reese
Gary Reiness
Richard Rigdon
Henry M. Rines
Steven J. Ring
Julian L. Roberts, Jr.
Cynthia Robinson
Maxine L. Rockoff
Nancy Roseman
Diana M. Roy
L. M. Russakoff
William B. Russel
Alfred P. Sattelberger
Frederick Schaer
Robert J. Schier
Steven Schwalbe
James W. Scott
Dudley Shapere
Ira & Nancy Shapiro
Carleton B. Shay
Emma Shelton
Charles R. Shuman
Stephen Vekkerdy Sikes
Bernard G. Silbernagel
Christopher Simpson
Robert L. Simpson

Jack Sjostrom
James C. Smith
Peter B. Snyder
Michael Sogard
Judson Somerville
Roger G. Sorensen
Thomas A. & Joan A. 

Steitz
Nancy R. Stevenson
Timothy Stiles
Quentin J. Stober
Shepard B. Stone
Dan S. Sulzbach
P. R. Sundaresan
Rowland W. Tabor
Tohru Takekoshi
Norman M. Tepley
Mrs. Philip D. Thacher
Roger D. K. Thomas
David H. Thompson
Marlene Tietjen
William L. Tietjen
Franklin H. Top, Jr.
Robert D. Toto
Thomas K. Toyama
Jonathan D. Traupman
Barbara C. Turner
P. Douglas Tuttle
Eldon Ulrich
Manuel T. Uy
Karl VanNewkirk
Robert E. Var
Carston R. Wagner
Richard Wakefield
Charles Walcott
Frances Ann Walker
Leonard F. Walker
Michael W. Walker
Robert T. Ward
William Bruce Warr
Michael S. Waterman
John Weingart & 

Deborah Spitalnik, 
in memory of Helen 
Froelich Holt

Morton W. Weir
Robert D. Westfall
Mary Christine Wetzel
Irvin L. White
Stanley A. White
Garnett B. Whitehurst
Vincent Wickwar
John A. Widness
Anna M. Williams
J. Walter Woodbury
George E. Woody
Charles Y. Yang
Anne S. Zimmerman

Roger Zimmerman
Marian Zlotkiewicz

$100–$249
James S. Aagaard
David Aceti
Rosalyn Adam
Randy Adams
Roger W. Addor
Robert S. Adelstein
Ilesanmi Adesida
Bedros B. Afeyan
Lewis E. Agnew, Jr.
Leif A. Ahrens
Avtar S. Ahuja
Georg Albers-Schonberg
Andrew M. Alexander
David L. Alexander
John C. Alley
Charles E. Alpers
Saud Alsowayel
Norman J. Alvares
Chris Amemiya
Pamela T. Amoss
Richard Amster
Robert G. Amundson
John P. Andelin, Jr.
Gordon W. Anderson
Ronald J. Angel
Ronald J. Angione
Anonymous (39)
Rudi Ansbacher
John J. Antal
David R. Anthony
Richard Antoline
Ted Anton
Frederick J. Antosz
Michael Anzelone
Heidi Appel
Evan H. Appelman
Meredithe L. Applebury
Michael W. Arenton
Petros Argyres
Karen M. Arndt
Edward M. Arnett
Andrew Arnold
Dean E. Arnold
Mary C. Arnold
William Aron
Arthur I. Aronson
Jay Aronson
Swathi Arur
Arlene S. Ash
Richard H. Aster
Edward G. Atkins
Carter T. Atkinson
Ronald K. Atwood

Don Augenstein
David S. & Kathleen N. 

Ayres
Daniel L. Azarnoff
Ebrahim Azizi
Yoshiaki Azuma
Edmund Bacon
Jeffrey L. Bada
James L. Bailey
R. Clifton Bailey
Stanley Bailis
Kevin H. Baines
David P. Balding
Samuel F. Baldwin
Gregory F. Ball
N. Addison Ball
Karoly B. Balogh
C. Kenneth Banks, Jr.
Ronald E. Banks
Joseph C. Barbaccia
Thomas D. Barber
Jack D. Barchas
Ann Bardin
Brian Barnes
S. Barnes
Paul Baron
William J. Barrett
Paul Bartelt
Edwin F. Bartholomew
John E. Bartlett
Allen H. Barton
Roy P. Basler
William A. Bassett
J. B. Bassingthwaighte
John K. Bates, Jr.
Mark L. Batshaw
Anna Battenhouse
Gary Batungbacal
Diana J. Bauer
Kyle D. Bayes
Edward W. Beals
Allan R. Beaudoin
James Beck
John C. Behrendt
Alvin L. Beilby
George A. Bekey
Daniel F. Belknap
G. Belovsky
Leslie Z. Benet
Thomas L. Benjamin
Craig Benkman
Judith Tenzer Benn
Boyce Bennett
Jack Bennett
Robert Benoit
Carl S. Benson
Henry A. Bent

†Deceased
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Jennifer M. Berardi
Lars Berglund
Ernest L. Bergman
Gerald Berkelhammer
Stephen A. Bernard
Mark R. Bernstein
Viktors Berstis
Kevin P. Bertrand
Rose S. Bethe
Erwin P. Bettinghaus
Robert F. Betts
Ingrid Beyer
Pushpalatha & Chandra 

Bhat
Charles E. Bidwell
Daniel Biemesderfer
Shay & Susan Bilchik
A. D. Biller
George Bioletto
Gail A. Bishop
Gale A. Bishop
Nilambar Biswal
William & Suzan Black, 

in memory of Helen 
Froelich Holt

Craig Blackstone
Amy Blackwell
Steven A. Blaisdell
Richard E. Blanton
Donald Blumenthal
Herbert Blumenthal
Beverly Bodansky
Hans R. Bode
Larry Boersma
John K. Boitnott
David W. Bolen
H. Fred Bomberger
Martha W. Bond
Herbert Bonkovsky
William Boone Bonvillian
William Borucki
Randy J. Bos
George Bousfield
Betsy Bove
Elizabeth Bowdan
Ann Boyd
Milton J. Boyd
James N. Bradbury
Michael Bradie
Marc & Sue Brahaney
J. Stuart Bratholdt
Steve Braun
Michael R. Brent
David K. Brice
Adriana Briscoe
Arnold R. Brody
Bruce W. Bromley

Dennis Brown
Donald J. Brown
Frank Brown
Harold H. Brown
Robert D. Brown, Jr.
Robert E. Brown
John C. Browne
Michael F. Bruist
Danny Brunson
Evan Buck
William A. Buehring
Dennis E. Buetow
Robert F. Bulleit
Esther A. Bullitt
Robert W. Bundtzen
Peter C. Burger
John R. Burgess
William A. Burgess
Joseph C. Burgiel
Robert Burk
Mary F. Burke
Marvin D. Burkhart
Stephen H. Burns
Cynthia Burrows &  

Scott L. Anderson
Paul Burtness
Ellison S. Burton
Paul Burton
Zachary Burton
Edward G. Buss
Susan B. Butts
Stephen E. Buxser
Pavel Bystricky
Bob Calder
Tina M. Calderon
Michael J. Calderwood
James H. Caldwell
Larry D. Caldwell
Richard L. Calendar
James L. Campbell
Shannon Campbell
Amanda E. Canady
Harry Y. Canter
Daniel B. Caplan
Gerald Caple
James M. Carhart
William C. Carlson
Peter D. Carragher
Linda Louise Carroll
William Carter
Sarah Leshner Carvalho 

& Rodrigo Carvalho
Judd A. Case
Paul A. Catacosinos
Richard L. Cate
Francis M. Cevasco
David & Audrey Chai

Scott A. Chambers
Jagdish Chandra
Barbara Charton
Prescott B. Chase
James D. Cherry
Alice E. Chew
Paul Chiao
Anthony G. Chila
Wai-Yim Ching
Sallie W. Chisholm
Marshall Chrostowski
Neal Chuang
David Y. Chung
Jung G. Chung
Barry G. Clark
George A. Clark, Jr.
Theodore G. Clark
John F. Clarke
Roy S. Clarke
Steven R. Clawson
Michael Cliff
Brian J. Clifton
Abby J. Cohen
Carolyn Cohen
Thomas Coker
Henry O. Colomb
Ralph H. Condit
James V. Conkey
Donald L. Cook
Robert Cook-Deegan
Joyce Y. Corey
Philip Corey
Jimmy C. Cornette
Charles Coston
Roger Coupal
Timothy L. Cover
Jack D. Cowan
Robert C. Cowen
Steven Cox
Hal P. Coyle, Jr.
Arthur R. Crampton
David H. Crandall
Nancy P. Crandall
Hall L. Crannell
Gwyneth Cravens
Dana Crawford
Maurice Crawford
Rebecca Creamer
Perry B. Cregan
Gay M. Crooks
Will E. Cummings
Michael W. Cunningham
Randall T. Curnow
James L. Curtis
Mark S. Cushman
Beverly A. Dale-Crunk
B. Dana

Marcia E. Danne
Sana Dastgheyb
James M. Davidson
Lloyd A. Davidson
Charles F. Davis, Jr.
Darrell Davis
Gary E. Davis
Louis S. Davis
Richard O. Davis
Richard N. Day
Anneli M. De Paolis
Richard M. Deamer
Arthur T. Dean
Kenneth D. Deaton
Paul F. Deisler
Joel Deitz & Barbara 

Berko
Modesto Del Castillo
Gregory J. Del Zoppo
Dina Deligiorgis
Chester W. Delong
David L. DeMets
Amanda Demopoulos
David T. Denhardt
William Denny
Peter R. Denwood
Ronald A. DePinho
Henry L. Dequasie
Edward G. Derrick
David P. Dethier
James K. Detling
William Deville
Gordon P. DeWolf, Jr.
Robert DeZafra
Eugene P. Dibella
David B. Dickinson, Jr.
Paul W. Dickson, Jr.
Paula Diehr
Eric Dietrich
Joe Dietzgen
Gilbert R. DiLeone
Mary E. Dimperio
Jasti Dinesh
Marshall Dinowitz
Charles E. Dinsmore
Omer Divers
Milind Diwan
Winifred W. Doane
Maria Donoghue
David C. Donoho
Joyce M. Donohue
Neil J. Dorans
Erl Dordal
Linneaus C. Dorman
John Doty, Jr.
Jerry A. Doughty
Warren L. Dowler

Mary E. Dowse
Alexander J. Dragt
Harold M. Draper III
Greg Dressler
George B. Driesen
Edwin F. Driver
Gary J. Drtina
Frank H. Duffy
Lawrence K. Duffy
Mark T. Duigon
Marilyn J. Duncan
Randall Duncan
Thomas H. & Sylvia A. M. 

Dunning
Eli Dwek
Bennett Dyke
H. Frederick Dylla III
Helen J. Dyson
Max S. Eagelfeld
Joseph E. Earley
Kirk A. Easley
Douglas P. Easton
Denton S. Ebel
Irene A. Eckstrand
Donald A. Edwards
Gerald E. Edwards
Richard Eisenberg
Stephen P. Eisenberg
Anita Eisenstadt
Dominic Eisinger
Randolph C. Elble
David E. Elder
Mark P. Elenko
Rita Elmore
Guy T. Emery
David K. Emmel
Bernard T. Engel
Eldon D. Enger
George A. Englesson
Robert S. Erdmann
Wayne Erfling
Robert L. Erickson
Darrell Ernst
W. Gary Ernst
Manuel Estrada
Peter Evans
Robert R. Everett
William R. Eyler
Dan Fagre
Davis A. Fahlquist
Richard Fallin
Darrell D. Fanestil
Donna Farber
Jay & Barbara Farber
Peter Farkas
Charles S. Faulkner II
Richard S. Fein
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Benedict Feinberg
Arnold M. Feingold
Yoseph Feit
Shelagh Ferguson-Miller
Robert E. Fidoten
Robert W. Field
Sean Fielding
Gregg Fields
John B. Fieser
Harvey V. Fineberg
Richard A. Fisher
Frank W. Fitch
Lewis T. Fitch
James E. Fitzgerald
Edith M. Flanigen
Robert Flath
John Fleeger
Michael L. Fleisher
John Flowers
Frank M. Floyd
Garner L. Foley
Kevin F. Forbes
Thomas A. Ford
William J. Forrest
Mark A. Fortuna
Frank S. Fountain
Reba B. Fournier
Randall Fowler
A. R. Frackelton, Jr.
Renny Franceschi
Bruce H. Frank
Joseph Frankel
Mark & Marlene Frankel
Judy R. Franz
Larry D. Fredendall
Benny French
Nancy Frentrup
Gerard J. Freyer
Paul J. Friedman
Ingrid Fritsch
Jody Fromm
William E. Fry
Qiang Fu
Kwok S. Fung
Heather Furman
John Gabrieli
Robin Gadsby
Fred H. Gage
Mitchell H. Gail
Harold Gainer
Joseph H. Gainer
Leslie Gainer
Patrick & Debye Galaska
Joseph G. Gall
Mary O. Gallwey
Richard H. Gammon
Robert E. Gansser

Elisabeth Gantt
Janet B. Garber
Merle L. Gardiner
Murray B. Gardner
David E. Garfin
Margaret A. Garnjost
Merrill F. Garrett
Nancy Garwood
Marco M. Garza
Walter Gassman
Christopher Gaston
Clark Gaylord
Michael A. Gealt
Louis H. Geeraerts
Fred & Nancy Gehlbach
Herbert Geller
Kenneth N. Geller
Myron Genel
Richard J. Gentile
Jude George
Edward Gerjuoy
Dwight C. German
Jay Gershen
Jacquelyn Gervay-

Hague
Sandra H. Gianturco
Harold C. Gibbs
Mark L. Gilberstadt
James L. Gilbert
Thomas E. Gill
John C. Gille
Neal C. Gillespie
P. Roger Gillette
David Gilman
Glenn Gilyard
Benjamin M. Gimarc
Damon V. Giovanielli
W. Clifford Girard
Mauree Giuffre
Mark Glasser
Dr. W. Glassley
Andreas Gnirke
Henry P. Godfrey
Ralph Goebel
Allen M. Gold
Leslie I. Gold
Anne C. Goldberg
Joshua N. Goldberg
Marsha Goldberg
Sam & Patricia Goldberg
Martin Goldhaber
Stephen Goldman
Marian R. Goldsmith
Allan C. Goldstein
Anne H. Good
Plesent W. Goode
Arnold Goodman

Joel M. Goodman
Richard Goodwin
Howard A. Gordon
Malcolm S. Gordon
Michael Gorman, in 

memory of Helen 
Froelich Holt

Albert E. Goss
John R. Goss
Manfred Gotz
Harold C. Graboske
Sharon R. Grady
Robin Graham
Ronald L. Graham
Marea E. Hatziolos Grant
William B. Grant
Howard Graves & 

Julie Baller, in honor 
of James & Sue 
McCarthy

Robert D. Gray
Arthur F. Greene
Frederick D. Greene
William B. Greenough III
Jeffrey M. Greve
David Griffin
Richard E. Grindeland
Jonathan Grindlay
Sidney E. Grossberg
Gordon L. Grosscup
Lawrence M. Grossman
Erich Grotewold
David L. Groves
Helen K. Groves
Karl A. Gschneidner, Jr.
Jean M. Gudas
Henry Gueringer
Ron Gugliotti
Thomas Guilderson
Barry M. Gumbiner
J. Ryan Gunsalus
Gary N. Gussin
Jack M. Gwaltney
Richard A. Hackel
James Hackett
Stephen C. Hadler
Gary Haffner
Ruth R. Hailperin
Louise Hainline
Frederick Duncan 

Haldane
Edward L. Halk
Dwight H. Hall
Robert W. Hall
Richard Hallworth
K. A. Halmi
Charles R. Hamilton
Lawrence C. Hamilton

Eugene A. Hammel
Philip D. Hammen
Charles F. Hammer
James E. Hammerberg
Katherine A. G. 

Hammond
James W. Hammonds
Roy G. Hammonds
Joseph G. Hancock
Dr. R. Hangarter
Gerald R. Hankins
Gerald Hansler
Henry A. Harbury
Wesley H. Harker
Naomi H. Harley
Franklin M. Harold
Dean H. Harper
Alan W. Harris
John Harrison
Melvin A. Harrison
Hyman Hartman
Gregory C. Hartwick
Jared W. Haslett
Daniel F. Hasman, Jr.
Alfred C. Haven, Jr.
Bruce Hawkins
John W. Hawley
Robert Hayes
Jo N. Hays
L. Julian Haywood
Erin Heath
Matthew F. Heil
Joel Heinen
Jeffrey Heinz
William D. Heizer
Kenneth J. Heller
Leon Heller
Samuel Hellman
Rich Hencke
George Hendrey
Robert W. Hendricks
Thomas W. Hennessy
Walter F. Henning
George A. Herbert, Jr.
Daniel Herdeman
William B. Herdle
Burton Hering
Susan & Raymond 

Herles
Robert K. Herman
Clyde Herreid II
Davis Hershey
Barry W. Hess
John H. Hess
Nicholas W. Hether
Nancy E. Heyes

Mary Lu Murray 
Hickman

Paul I. Hicock
Daniel Higgins
John G. Hildebrand
David P. Hill
Helene Z. Hill
Marcella Hill
Norwood O. Hill
Pamela C. Hillman
Barbara A. Cocanour 

Hilton
Melissa A. Hines
Sandra L. Hines
Karl Hinrichs
Arlene Hirano
Frederick S. Hird
Hugh Hixon
David C. Hoaglin
David L. Hoats
Alan M. Hoberman
Martha L. Hochberg
Morris Hodara
Ralph J. Hodosh
Linda M. Hoffman
Stanley P. Hoffman
William F. Hoffmann
Edward Hogan
James C. Hogan, Jr.
Robert M. Hollingworth
Joe Hollstein
David P. Holman
Eric W. Holman
Alfred Holtzer
E. B. Hooper, Jr.
Thomas B. Hoover
Marc Hopkins
Penny Hopkins
Michael H. Horn
Mady Hornig
Frank A. Horrigan
Diana M. Horvath
Jimmy W. Hosch
Peter Hougaard
Edwin W. House
Estil V. Hoversten
Larry B. Howard
Roger Howe
Ke Chiang Hsieh
Henry V. Huang
Sui Huang
Paul F. Hudrlik
Sarah L. Hudson
Kay Huebner
Michael J. Huerkamp
Vicki D. Huff
Carroll G. Hughes III

†Deceased
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Stuart W. Hughes
John Huguenard
Joan C. W. Hulbe
Jiri Huler
Randall G. Hulet
Douglas & Frances 

Hulette
Marc F. Hult
David M. Humphrey
Mien-Chie Hung
J. Stuart Hunter
Arnold R. Huntress
Alan Hurd
Robert Hurst
Michael A. Huston
Victor F. Iacocca
Martin Y. Iguchi
David E. Illig
Roger Innes
Jenefir D. Isbister
Craig M. Jackson
Mary Jacob
George T. Jacobi
Madeleine Jacobs
John H. Jacobsen
Dr. Elaine S. Jaffe
Eric Jakobsson
Bernard W. Janicki
Siegfried Janson
Kurt R. Jarnagin
Bruce Jayne
Arthur J. Jelinek
Richard Jenny
Hanne M. Jensen
Randall M. Jeter
John H. Jewell
Lawrence John
Arthur A. Johnson
Hollis R. Johnson
Howard P. Johnson
James F. Johnson
Robert W. Johnson
Brian H. Johnston
Timothy Johnston
William V. Johnston
Anthony R. Jones
David Jones
Edwin R. Jones
Lawrence W. Jones
Lucy W. K. Jones
Richard Jones
Elke Jordan
Michael A. Jordan
Joseph W. Joy
Peter M. Joyce
Silvia S. Jurisson
Bruce Kabakoff

Robert S. Kaeser
Ronald L. Kaiserman
Danny G. Kaloupek
John R. Kane
Tetsuo Kaneko
Daniel Kaplan
Anastasios & Caterina 

Karalis
Jeffrey W. Karpen
Mary Jo Kasten
Steven K. Katz
Vern Katz
David L. Kaufman
William B. Kaufmann
Dean L. Kavanagh
Robert Keefe
Bettie F. Kehrt
Rodney Kellems
G. Randy Keller
James C. Kelley
William E. Kelly
Charles F. Kennel
Ann M. Kenney
Kern E. Kenyon
Anthony M. Kerdock
Francis G. Kern
Navin Khadiya
Freddy A. Khoury
Philip S. Khoury
Ray E. Kidder
Stanley Kidder
Laura L. Kiessling
Thomas Killip
Yong K. Kim
Robert B. Kimsey
Aaron A. King
H. E. King
Edward O. Kinzie
Kate P. Kirby
David Kirchman
Elizabeth P. Kirchner
Wayne Kirkham
Robert P. Kittel
G. Kling
Eric Klinger
W. S. Klipper
Mark A. Knepper
Mark M. Knuepfer
Michael F. Koehl
Jeffrey D. Koenitzer
Carl Kohlmeyer
Stephen C. Kolakowsky
William M. Kolling
C. Ronald Koons
Victor Korenman
Conan Kornetsky
Robert J. Kosinski

Anthony A. Kossiakoff
Shirley A. Kovacs
Anthony Kowal
Jane M. Krauhs
Mitchell Kronenberg
Richard L. Kronenthal
John S. Kronholm
Ralph T. Kubo
Moyses Kuchnir
Steven A. Kuhl
Casimir A. Kulikowski
Carol A. Kumamoto
Charu Kumar
P. Dileep Kumar
Ernest A. Kurmes
Donna R. Kuroda
Charles L. Kutscher
John E. Kutzbach
Jay B. Labov
John A. Labudde
Miriam R. Lacher
K. S. Lackner
David S. Lafferty
Michael E. Lamm
Rob & Rita Lancefield
Susan Landau
Neal F. Lane
Willem G. Langeveld
J. B. Langworthy
Debra Lappin
Joseph S. Lappin
John Z. Larese
Jean K. Largis
Paul A. Larson
Ralph J. & Sandy Larson
Joyce C. Lashof
Carol L. Lassen
K. P. Lau
Allan H. Laufer
Leo L. Laughlin
Oleg D. Lavrentovich
Ann M. Lawler
Walter R. Lawson
John S. Lazo
William M. Leach
Jacob Lebowitz
David J. Ledden
Albert C. Lee
John Lee
Michael Lee
Richard Lee
Robert N. Leggett, Jr.
Michael J. Leibowitz
Stephen C. Lensink
Mike & Johanna Leshner 
William A. Lester, Jr., 

Ph.D.

Alexander H. Levi
Barbara G. Levi
Robert E. Levin
Simon A. Levin
Mortimer Levitz
William S. Lewellen
Bruce V. Lewenstein
Charles A. Lewis, Jr.
G. Kenneth Lewis
Hugh B. Lewis
John B. Lewis
Ronald Lewis
Ching-Chung Li
Linheng Li
Arthur L. Liberman
David A. Liberman
H. Denny Liggitt
John Light
Hsiu S. Lin
Prof. J. Lin
Xuejun Lin
John P. Linderman
Quentin W. Lindsey
Rulon K. Linford
Arthur L. Lipman, Jr.
James A. Lipton
David A. Lloyd
Paul A. Loach
Felix J. Lockman
James Loddengaard
Mary R. Loeken
Merry Lojkovic
David M. Lokensgard
Richard J. Loveless
John P. Loveridge
Julia Campbell Lovin
Joyce H. Lowinson
Louise M. Luckenbill
Mary M. Luckstead
Matthew Lucy
Charles A. Lundquist
Joan Lunney
Jianhua Luo
Harvard Lyman
Carl Lynch
Gary A. Mabbott
Michael Macaulay
Robert C. MacDonald
Howard A. MacEwen
Gordon & Blair 

MacInnes
Vivian L. MacKay
Douglas E. MacLaughlin
Richard V. MacMillan
Khalid Mahmood
Mary E. Mahoney
Lawrence V. Majovski

Grace Malakoff
Jerry R. Malayer
Danuta Malejka-Giganti
Julin Maloof
Robert B. Mandell
Cathryn Manduca
Richard Mankin
Marilyn S. Mann
Jeremiah Mans
Theo C. Manschreck
Steven C. March
Paul D. Marko
Stephen Marks
Thomas J. Marlowe
Dimitris Maroudas
Leonard A. Marowitz
Mary Vesta Marston-

Scott
Dean F. Martin
Doug Martin
Fredricka C. Martin
Kendall Martin
Paul C. Martin
Richard M. Martin
William J. Martone
James F. Masken
Robert A. Maslansky
John M. Mason, Jr.
T. L. Mason
William Masse
Christopher Massicotte, 

in memory of Helen 
Froelich Holt

Winfield Massie
Andrea Mastro
Hector Masure
Diane F. Matesic
Elizabeth L. Mather
John C. Mather
Thomas R. Matthews
Martin M. Matzuk
Robert L. May
Elizabeth Maynard
G. Lafayette Maynard
David McAlpin
Sally McBrearty
Michael McCarville
William McComas
Daniel J. McCormack
Joshua McCormick
D. Scott McCracken
Jean C. & Richard 

McCrosky
Richard McCrystal
Harry E. McDonald III
Sandra F. McDonald
Victor K. McElheny
Gordon McGrew
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M. Douglas McIlroy
Wilbert J. McKeachie
Linda McKean
Christopher F. McKee
Grant W. McKinney
Ellen McManus
John B. McManus
C. Alden Mead
Sally Meadows, in 

memory of Helen 
Froelich Holt

William A. Meezan
Thomas A. Mehlhorn
Gerry G. Meisels
James E. Melvin
Naomi Mendelsohn
Renee M. Menegaz-Bock
Frank Meneghini
Frank S. Merritt
Gary Merson
Scott D. Merville
James L. Merz
Susan F. Messinger
James Z. Metalios
Travis Metcalfe
Glenn L. Metzger
John S. Meyer
Alfred F. Michael, Jr.
Allen I. Miller
Jaydee W. Miller
Lynn Miller
Michael Miller
Patricia A. Miller
Robert J. Miller
Robert Miller
William M. Miller
Mari Mino-Kenudson
Mortimer Mishkin
Nirmal K. Mishra
Donald A. Mitchell
Pamela H. Mitchell
Gunnard W. Modin
Jon Moehlmann
Vincent M. Monnier
Nicholas J. Montano
Christopher N. K. 

Mooers
David A. Moon
Angelyn & Kevin Moore
Duncan T. Moore
Grace W. Moore
Jennifer C. Moore
Julia A. Moore
Thomas G. Moore
Michael J. Moratto
David W. Moreland
E. Pierre Morenon

Victor H. Morgenroth III
Dornis C. Morin, Jr.
N. Ronald Morris
Rosalind Morris
Nancy D. Morrison
A. Leslie Morrow
M. Patricia Morse
Robert A. Morse
J. Thomas Mortimer
Stephen D. Morton
Richard D. Moss
Patricia H. Moyer
Sekazi K. Mtingwa
William H. Muchnic
George Mueller
J. Fraser Muirhead
Edward Mullaney
David Muller
Mary C. Mullins
Robert L. Munroe
Robert D. Munson
Donal B. Murphy
Wayne A. Murphy
Francois Murray
J. P. Mutschlecner
Cecil Myers
Stephen E. Myers
Al Nabhani
J. Victor Nadler
Antonio B. Nafarrate
Padmanabhan P. Nair
Yosio Nakamura
David Nance
Herman S. Napier
Philip J. Narzisi
Harold A. Nash
Rattan Nath
Manuel Nathenson
Georges Natsoulis
James D. Neaton
Bogdan Nedelkoff
James W. Neel
Christopher Neill
Howard L. Nekimken
Norvell Nelson
Richard S. Nelson & 

Carol L. Enkoji
Walter L. & JoAnn M. 

Nelson
Martin J. Nemer
Anthony V. Nero
James Nestell
Eric J. Nestler
James J. Nestor
William C. Nettles
Christian E. Newcomer
Christian Newcomer

Lester Newman
Pauline Newman
Jeffery L. Newmeyer
Geoffrey B. Newton
Thomas W. Newton
Won G. Ng
Johanna Nichols
David Nicholson
John F. Nicholson
Martinus H. Nickerson
Paul H. Nielsen
Steven M. Niemi
Elena O. Nightingale
A. Hirotoshi Nishikawa
Robert Nishikawa
Lillian Niu
Bob & Jean Nordhaus, 

in memory of Helen 
Froelich Holt

Christer E. Nordman
Anne E. Norris
Erika M. Norris
Thomas Norris
William T. Norton
Vincent Noto
Donald & Carolyn Novin
Dag Nummedal
Victor Nussenzweig
Janis M. O’Donnell
Dr. John R. O’Fallon
William M. O’Fallon
Bruce O’Gara
Lynn L. Ogden
Alice S. Oglesby
John H. Olive
Bjorn R. Olsen
Mary K. Olsen
Robert W. Olsen
George G. Olson
Patricia L. Olson
Peter Olson
Richard K. Olsson
Gary A. Oltmans
Tim Opperman
Jan M. Orenstein
Walter A. Orenstein
Stuart H. Orkin
Harry T. Orr
Donald S. Orth
Nimet E. Oruc
Robert A. Orwoll
Judith A. Osborn
Grace L. Ostenso
Terry D. Oswalt
John L. Otis
Richard J. Otter
George Oulundsen

Carl Owenby
John Owens
W. Paciesas
Robert A. Page
Allison R. Palmer
Arthur N. Palmer
John D. Palmer
Neil H. Palmer
Victor R. Palmeri
Laura Pannaman
Lee Y. Park
Joseph C. Parker, Jr.
Robert Parker
Richard M. Parry, Jr.
Barbara H. Partee
Neela Patel
Suresh S. Patil
William Patterson
Ara & Shirley Paul
Philip Paul
Arogyaswami J. Paulraj
Charles M. Paulsen
James Paulson
Mary B. Paxton
Kenneth J. Payne
David S. Peabody
Stanton J. Peale
Jack Pearce
A. Pecora
Joel A. Pedersen
Charles R. Peebles
Hub Peeters
Marian Peleski
Terry Pellmar
Robert O. Pepin
E. Pergament
Harry F. Perk
Brent Perkins
Udo Pernisz
Joseph W. Perry
Philip R. Perry
John R. Person
Alexander Pertsemlidis
Murray Peshkin
Leon Petelle
Michael P. Petelle
Cynthia W. Peterson
Don H. Peterson
M. A. Peterson
Rada Petrinjac-Nenadic
Gerd P. Pfeifer
John D. Phillips
Pat Phillips
Al Pickett
Alburt E. Pifer
Wellington J. Pindar
David Pines

Grace Polan
Christine Polk
Henry Pollack
Lee G. Pondrom
Griffin Poole
Oscar F. Porter
Mark Post
Richard F. Post
Francis M. Pottenger
Leslie D. Potter, in 

memory of Helen 
Froelich Holt

Cedric J. Powell
Douglas H. Powell
Robert Powers
Thomas Pressley
Thomas Prettyman
David Pribnow
Charles H. Pritchard
Michele Pritchard
Ann Progulske-Fox
Ted Prosser
Donald & Donna Pulitzer
William Puppa
Jules B. Puschett
Julia M. Quagliata
Shirley G. Quan
Sherry I. Queener
Frederick J. Raab
Mark S. Radomski
Meghan Radtke
Jonathan Raff
Tijana Rajh
Clare Ramstedt
John D. Randall
Jose Ranz
Buddy D. Ratner
R. Ronald Rau
Elio Raviola
Leonard Rawicz
Bruce A. Rector
Edward F. Redish
Everett Redmond
Robert P. Redwine
Thomas D. Reed
Don D. Reeder
Karen Regan
S. Peter Regenstreif
John W. Reich
Paul B. Reichardt
Frank Reichenbacher
Peter J. Reichl
Leonard Reiffel
Jakob Reiser
Minocher C. Reporter
Robert W. Rex
Solon L. Rhode

†Deceased
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Richard A. Rhoden
Joseph Rhodes
Dale Rice
Mary E. Rice
Kathryn E.Y. Richardson
Alexandria N. Richart
Rollin C. Richmond
Keith Rickert
Sam H. Ridgway
Hugh Rienhoff
Timothy Rittof
Edward Rizy
Michael Roarke
Jean Adams Robbins
Eugene Roberts
Jerry Roberts
John D. Roberts
H. Thomas Robertson
Michael S. Robertson
Richard E. Robertson
Diane M. Robins
Laurie Robinson & 

Sheldon Krantz
Sarah A. Robinson
Dr. John C. Rodgers
Alan E. Rogers
Louise A. Rollins-Smith
Elaine Roman
David K. Romney
W. Melvyn Roquemore
Carlos Rosado-Berrios
Kenneth L. Rose
Norman J. Rosenberg
Susan M. Rosenberg
William Rosenberg
Joan R. Rosenblatt
Arthur H. Rosenfeld
Ralph Roskies
David A. & Edith H. Ross
David W. Ross
Donald G. Ross
Robert E. Ross
Sue V. Rosser
Kurt D. Rossow
Caren M. Rotello
Michael Roth
Victoria F. Roth
Stanley J. Roux
Roger D. Rowland
Thomas C. Royer
Bernard Rubin
J. Runyon
Kirt W. Rusenko
William & Priscilla 

Russel
Peter M. Ryan
Tom Ryan
Elizabeth F. Ryder

Nathan Rynn
Yousef Saad
George H. Sack, Jr.
Loren Sample
Eugene G. Sander
Richard H. Sands
Robert Sandstedt
Thomas B. Sanford
Pedro Sanz-Altamira
M. Philip & Myriam P. 

Sarachik
Rose-Mary Sargent
Anatole Sarko
John F. Sarwark
Lawrence J. Satkowiak
Ben T. Sato
Eric Saund
John E. Savage
John M. Scanlan
David Schatz
Richard C. Schauer
Myra J. W. Schegloff
W. Robert Scheidt
Emile Schepers
Elliott Schiffmann
Elihu Schimmel
Fred Schleifer
Murry & Beverley 

Schlesinger
Michael L. Schmitz
Patrick Schnable
Norman J. Schnayer
Barbara L. Schneider
Lawrence B. 

Schonberger
Michael L. Schucking
Ean Schuessler
Sydell Ruth Schulman
Daniel F. Schultz
Richard M. Schultz
Gertrud M. Schupbach
Nathan A. Schwadron
Benjamin D. & Susan 

Schwartz
Larry L. Schwartz
Lyle H. Schwartz
Thomas Schwartz
Cranford Scott
Charles Scudder
Michael Seaman
Philip A. Seeger
Gilbert R. Seely
Nadrian C. Seeman
Jose P. Segundo
Bernard Z. Senkowski
Vidya Sagar Sethi
Xiaonan Shan
Alan E. Shapiro

David Shapiro
Robert G. Shaver
G. Shaw
Robert W. Shaw, Jr.
William R. Shek
Charles F. Shelby
Jianzhong Shen
Paul F. Shepard
Shane Shepherd
Kenneth Sherman
Kenneth D. Sherrell
Bruce A. Sherwood
Stanwyn G. Shetler
Eugene A. Shinn
Alexander Shor
James F. Short
Carol Shoshkes-Reiss
Vijayalakshmi Shridhar
Charles H. Shultz
Edward Sichterman
Ed Sickafus
Deborah A. Siegele
Charles J. Sih
Samuel C. Silverstein
Michael Silves
Charles A. Simenstad
Robert E. Simon
Lawrence A. Singer
K. K. Sirkar
Monroe G. Sirken
Douglas R. Sisk
James C. Sisson
Jack W. Sites, Jr.
Paula Skedsvold
Carol B. Skinner
Gordon B. Skinner
Eugene B. Skolnikoff
Linda Slakey
Pamela L. C. Small
Peter Smallwood
Barham Smith
Bernard Smith
Darrel Smith
Edward J. Smith
Karl Smith
Lex B. Smith
Michael K. Smith
Orville A. Smith
Robert L. Smith
Ronald E. Smith
William L. Smith
J. Josh Snodgrass
Wayne R. Snodgrass
Robert Snyder
Ernest R. Sohns
Michele Solis
Anne Soll

David A. Solomon
John S. Solters
John Sondek
James Sowinski
Patricia G. Spear
Paulette Spencer
Philip C. Spiller
John K. Spitznagel
Gianluca Spizzo
Stephen R. Sprang
Alicemary M. Sprickman
T. S. Srivatsan
Lawrence A. Sromovsky
Joshua D. Staller
Leonidas A. Stamatatos
Donald E. Stanley
Michael Starr
Irving C. Statler
Janet M. Stavnezer
Stephen Steadman
Robin T. Stebbins
Kelly P. Steele
Leah Steinberg
Marjorie Steinberg
Howard Steinman
Kim A. Stelson
Quintin D. Stephen-

Hassard
Robert Stephens
George F. Sterman
Bodo Stern
Robert L. Stern
Rolf Sternberg
Evelyn V. Stevens
Jack Barchas & 

Rosemary Stevens
Norman C. Stewart
Norman R. Stewart
Albert E. Stiegman
John Q. Stilwell
James H. Stith
Edward C. Stoever
Sybil L. Stokes, in 

memory of Helen 
Froelich Holt

Harold J. Stolberg
James P. Stone
David A. Stonestrom
Ursula B. Storb
James B. Strait
James A. Stratton
Roy F. Stratton
Karl D. Straub
Monroe W. Strickberger
H. Henry Stroke
Raymond G. Stross
Alan M. Strout
Donald Stubbs

Brent Studer
Brian W. Stump
Robert Sugar
Evan R. Sugarbaker
Joan & Herman Suit
Ethan Sullivan
Mindi Summers
Bobby Sumpter
Millard Susman
Robert M. Suter
William R. Sutherland
David F. Sutter
Jhan C. Swanson
Brian L. Sweeney
Harry L. Swinney
Stephen I. Szara
Heven Sze
Erik Szobota
Clement E. Tagoe
Lorey Takahashi
Helio Takai
Charles R. Tallman
Kouichi R. Tanaka
Morris Tanenbaum
Pieter P. Tans
Marvin L. Tanzer
Kelly Tatchell
Michael Taub
John Bruce Taylor
Steven Taylor
Richard E. Teets
Max Tegmark
Raymond L. Teplitz
Robert B. Tesh
Kenneth R. Teter
David G. Thanassi
Suzanne Thiem
Edith Y. Thoburn
Edward & Millicent 

Thomas
James C. Thomas
James W. Thomas
Joe D. Thompson
Robb Thomson
Eric J. Thorgerson
M. E. Thouless
Jeremiah G. Tilles
Robert L. Tinklepaugh
Peter L. Todd
Marc Tolo, in memory of 

Helen Froelich Holt
Averett S. Tombes
Thomas Tomek
Odin A. Toness
Nick C. Toscano
Don I. Trachtenberg
Frank A. Traficante
John Tranquada
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Wesley A. Traub
Michael Trenary
Anthony M. Trozzolo
Dwight D. Trueblood
Forrest A. Trumbore
Wen H. Tsien
Joan Tucker
David M. Turner
Jane L. Valentine
James Valles
Walter Van Hamme
Andrew J. Van Horn
Carroll Vance
J. Pace Vandevender
Dr. Charles Varsel
Ravindra Vasavada
David Vasholz
Lee T. Venolia & John W. 

Thoman
Stanley Vickers
Robert K. Vickery, Jr.
Mario Visca
Helen S. Vishniac
Maren Vitousek
Julie M. Vogel
Jesse Voiles
Charles H. Volk
Susan F. Volman
Paul A. Volz
David H. Voorhees
Andriy Vornov
Cecil J. Waddington
Albert F. Wagner
Stephen A. Wainwright
J. Waite
Charles P. Wales
Richard J. Walker
Mary K. Walker-

Simmons
Diana H. Wall
William A. Wallace
Mitchel B. Wallerstein
Leonard F. Walts
Edith Wang
Tom Wang
Lawrence Wangh
Jonathan B. Ward
Raymond Ward
Bennie R. Ware
Richard Warg
Albert A. Warnas
Frank W. Warner III
Steven F. Watanabe
George E. Watson III
John Waycuilis
Dallas E. Weaver

Larry H. Weaver
Ronald S. Weber
Janice Weber-

Rasmussen
Johannes Weertman
Ewald R. Weibel
John W. Weil
Frank A. Weinhold
Milton M. Weiser
Benjamin Weiss
James A. & Nancy B. 

Weiss
Jeffrey Weiss
Seth Weissman
Luiz Weksler
Aaron Welch
William W. Wells
John P. Wendell
Stephen Wender
Paul J. Werner & Christel 

S. Cranston
Robert A. Wesley
John E. Wessel
Sandra S. West- Moody
John L. Wetherby
Lennard Wharton
Maynard B. Wheeler
Charles O. White
Harold B. White III
Henry White
John A. White
Peter White
Robert M. White
R. Stephen White
Glenn G. Whiteside
Norman E. Wideburg
Bruce A. Wielicki
George R. Wiggans
Curtis L. Wilbur
Clayton A. Wiley
Alan K. Williams
James D. Williams
John A. Williams
Norris H. Williams
Richard C. Williams
T. Walley Williams III
Steve Williamson
John R. Willis
Bobby L. Wilson
David L. Wilson
Raymond A. Wilson
Paul H. Wine
Monica P. Winter
Sidney G. Winter, Jr.
Allen H. Wise
John Wiseman

Thomas G. Wiseman
Brian Wisniewski
Paul Witkovsky
Jean G. Witt
Friedner Wittman
John A. Wohlhieter
Marc S. Wold
Douglas R. Woll
Wayne C. Wolsey
Maylene Wong
John F. Woods
Frank X. Woolard
Clifford A. Woolfolk
Jean Wren
Robert J. Wright
Robin L. Wright
Robert E. Yager
June J. Yamashita
Chung S. Yang
Huilan Yao
Nabeel Yaseen
Shari & Peter Yeager
Lynn A. Yehle
Belinda R. Yen
William H. Yenke
Wayne M. & Lynn 

Yokoyama
Dana R. Younger
Charlie A. Yparraguirre
Jason X. Yuan
Eleanor H. & Stuart H. 

Yuspa
Jerrold H. Zar
Martin Zatz
Z. E. Zehner
Eric Zemper
Clive S. Zent
Richard E. Zigmond
Richard H. Zimmerman
Donald B. Zobel
Paul E. Zorsky
Carol Zuckerman
Cliff Zukin

Patron Members
Edward Aboufadel
R. Paul Aftring
Asma Amleh
Albert Anderson
Cherry Ann Murray
Dale Bachwich
Mary Barber
May R. Berenbaum
Kathleen Berger
Margaret & Will Betchart

Chris Biemesderfer
J. Michael Bishop
Jerome L. Bleiweis
James Boslough
John Brademas
William Bradley
Eric Brinsfield
David Brooks
Joan Brooks
Bruce Browning
Eric Burger
Julia Butters
Donald Cameron
Mark Campbell
Daniel B. Caplan
Marc Carrasco
T. E. Cauthorn
Carlton Caves
Andrew Chong
Ernest Chow
Chung K. Chu
Austin Church III
Charles Clark
Barbara Clemmensen
Taya Cohen
Emery Conrad
Donald Cook
Edmund Crouch
Kenneth Crumley
H. Clay Daulton
Paul Day-Lucore
Kenneth De Ghetto
Oscar Delong
Gregory C. Donadio
Albert Dosser
Jaquelin Dudley
Pete Eckel
John Edgcomb
Estia Eichten
James Ellis
Joseph S. Engenito
Eldon Enger
Akbarpoor Fatemeh
Robert Fay
Alison Fennessy Fields
Richard Friedman
Peter Fruhstorfer
R. F. Gaeke
Curtis Galloway
James Garrels
Thomas Giroux
John Gluck
Howard Gobstein
Alfred L. Goldberg
Sheila Hafter Gray

Richard Green
Laura Greene
Wilhelm Gruissem
Samuel Gubins
Louis Gurvich
Nancy Haigwood
Alexander Harcourt
John G. Harkins, Jr.
Susan Harrington
Hanns Hasche Kluender
Charles Hawkins
Carl R. Henderson
Rudy Henninger
Thomas Henson
Robert Hess
Joanna Hicks
Brandon Huneycutt
David W. Ignat
Michael Ilyinsky
Ryan Jense
Joseph Johnson
Mari-Vaughn Johnson
George G. Johnston
Arthur Kamm
William Kane
Michael Kelley
Jack Kerns
William Kerr
Randal Kirk
Robert Kirshner
Stephen Knight
Thomas Koetzle
Maria Kovacs
Anton O. Kris
Larry Lancaster
Christophe Laudamiel
Gerald Leboff
Alan I. Leshner
Andrea Levitt
Michael Lewis
John Linderman
Mark J. Logsdon
James Lundblad
Deborah Maclean
Gregory Makoff
Scott Manske
Scott Margolin
Mark Markham
David Marlowe
Nathalie Marron
Edward S. Matalka
Jordan Matthews
Gail Mattson
F. Maurrasse
Michael May

†Deceased
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Nina Mayr
R. F. McAllister
James McCarthy
Gregory Meisner
Steven Melander-

Dayton
Richard Melmon
Richard A. Meserve
Kari Miller
E. J. Moniz
Howard L. Morgan
Bruce Morita
Fernando Morris
Maureen Neitz
Peter Neupert
Mark Nockleby
Jacques Nor
Michael Nova
Don O’Brien
P. O’Keefe
Van Oliver
William Paradise
Charles Patton
Robert Paul Siemann
Rebecca L. Peace
Ronald Pedalino
Kerry Phillips
Dennis Pilarczyk
Daniel Pinkel
Anthony Previte
Marc Puig
Stephen C. Ragatz
Larry Rairden
James Rantschler
Sergey Redko
John Reed
Jill Roberts
Alexandra Roosevelt
J. Rowe
Chris Rufer
William Saucier
Robert Schneider
Richard M. Schoen
Marc J. Schwob
Ronald C. Searls
Abdulalim Shabazz
David J. Simons
Bruce Simonson
Linda Smith
Judson Somerville
H. Sox
David Staal
Dusan Stefoski
Richard Steiner

Rick Stephens
Shepard Stone
S. D. Stroupe
G. Swanson
Tomoaki Takahashi
Susan Taylor
Douglas Thomas
Glenn Thomas
Jennifer Ticknor
Kirsten Vadheim
James Vancik
Lydia Villa-Komaroff
Axel Villard
Brian Wainscott
Robert Walsh
Warren Weisberg
Ralph Wharton
Travis White
Dennis Whyte
Daniel Wiese
Dara Wilber
Marlan Willis
Christopher Wilson
Isaac J. Winograd
Mary Woolley

Corporations and 
Foundations 
Abbott Fund Matching 

Grant Program
Alfred P. Sloan 

Foundation
The Amgen Foundation
Argosy Foundation
Arizona Pain Specialists
Battelle
BBSRC
Benevity Community 

Impact Fund
Bill & Melinda Gates 

Foundation
BlueCross BlueShield of 

North Carolina
Boston Foundation
Boveri-Trackman Family 

Foundation Inc.
Bristol-Myers Squibb 

Foundation
Burroughs Wellcome 

Fund
California Resources 

Production 
Corporation

Canon U.S.A., Inc.

Charles Valentine Riley 
Memorial Foundation

Community Shares of 
Minnesota Campaign 
Management

Connecticut Innovations
The Cynthia & George 

Mitchell Foundation
Dana Foundation
The David & Linda 

Packard Foundation
Digital Science
DuPont
eBay Inc. Foundation
EMJAYCO LP
Eppendorf AG
European Comission
The Fodor Family Trust
Ford Foundation
Forney Family 

Foundation
Foundation for Polish 

Science
Foundation to Promote 

Open Society
Ganguly Family 

Foundation
Gartner
Genentech
Gester Global Motion 

Fund
Give With Liberty 

Employee Donations
GSK
The GE Foundation
Golden Family 

Foundation
Goldhirsh Foundation
Good World
Gordon and Betty Moore 

Foundation
Grainger Matching 

Charitable Gifts 
Program

Greek Islands 
Restaurant

Green Electronics 
Council

Hamill Family 
Foundation

Heising-Simons 
Foundation

Helmholtz Association
Helmsley Charitable 

Trust
HelpAge International

Hewlett-Packard 
Company Foundation

Hoover Family Fund
Howard Hughes Medical 

Institute 
IBM
Indo-US Science & 

Technology Forum
Irwin and Joan 

Jacobs Fund of the 
Jewish Community 
Foundation

Jewish Communal Fund
The John Templeton 

Foundation
Johnson & Johnson
The Kavli Foundation
Kirksey Family 

Revocable Living Trust
KPMG
L’Oréal USA
Laura and John Arnold 

Foundation
Leidos
The Lemelson 

Foundation
Linden Trust for 

Conservation
Literature Review 

Services
Mars, Incorporated
Mayo Clinic College of 

Medicine
MBIA Foundation, Inc.
Merck Company 

Foundation
Merck KGaA, Darmstadt, 

Germany
Millennium 

Pharmaceuticals Inc.
Minneapolis Jewish 

Federation
Mitchell Foundation
Morgan Stanley
Network for Good
Northern Lights 

Foundation, Inc.
Noyce Foundation
Oak Foundation
Open Society 

Foundations
Paul and Dottie 

Foundation Fund 
of the DuPage 
Foundation

Pepsico Foundation

Pfizer Foundation 
Matching Gifts 
Program

Pitts Family Foundation
Research Councils UK
Richard Lounsbery 

Foundation
Rita Allen Foundation
Robert Wood Johnson 

Foundation
Rockefeller Family Fund
Rockefeller Foundation
Sanofi Aventis R et D
SciLifeLab
Seattle Foundation
Sentry Dynamics, Inc.
The Shack Sackler 

Foundation
Silicon Valley 

Community 
Foundation

Sinauer Associates, Inc.
Skoll Global Threats 

Fund
Subaru of America, Inc.
The Summit Family 

Fund
Sunset Laboratory Inc.
Takeda Pharmaceuticals 

International Co.
Target Corporation
Verizon Foundation
Wells Fargo Community 

Support Campaign
YourCause
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Academy of Nutrition 
and Dietetics 
Foundation

Acoustical Society of 
America

American 
Anthropological 
Association

American Association of 
Colleges of Pharmacy

American Chemical 
Society

American Educational 
Research Association

American Geophysical 
Union

American Geosciences 
Institute

American Institute of 
Physics

American Mathematical 
Society

American 
Meteorological 
Society

American Nuclear 
Society

American 
Orthopsychiatric 
Association

American Philosophical 
Association

American Physical 
Society

American Physiological 
Society 

American Political 
Science Association

American Psychological 
Association

American Public Health 
Association

American Society 
of Agronmy/Crop 
Science Society of 
America/Soil Science 
Society of America

American Society of 
Plant Biologists 

American Society of 
Anesthesiolgists

American Sociological 
Association

American Society of 
Civil Engineers

American Society for 
Microbiology

American Society of 
Mechanical Engineers

American Statistical 
Association

American Veterinary 
Medical Association

Association for 
Information Science 
and Technology

Association of American 
Geographers

Biophysical Society

Brigham Young 
University

Carnegie Institution for 
Science

Consortium of Social 
Science Associations

Cornell University

Council on 
Undergraduate 
Research

Dartmouth University

Duke University

Federal Bureau of 
Investigation

Geological Society of 
America

Georgia Institute of 
Technology

Institute of Electrical 
and Electronics 
Engineers, USA 

Institute of Food 
Technologists

Institute of Navigation

The International 
Society of Optics and 
Photonics

Iowa State University

King Abdulaziz City 
for Science and 
Technology

Linguistic Society of 
America

Louisiana State 
University

Maine Technology 
Institute

Materials Research 
Society

Millennium Challenge 
Corporation

The Minerals, Metals, 
and Materials Society

Morgan State University

Mount Desert Research 
Bio Lab

Museum of Science

Nanyang Technological 
University

National Academies 
of Sciences, 
Engineering, and 
Medicine

National Aeronautics 
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Administration

National Center for 
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Engagement

National Institutes of 
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National Institute of 
Justice

National Science 
Foundation

Oak Ridge Associated 
Universities

Oklahoma State 
University

The Optical Society

Purdue University

Rensselaer Polytechnic 
Institute

Rhode Island Science 
and Technology 
Advisory Council

Smithsonian Institution

Society for 
Advancement of 
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(SACNAS)

Society for Mining, 
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Exploration, Inc.

Society for 
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Society for Research in 
Child Development
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Engineers 
International

Society of Industrial and 
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South Dakota State 
University

Texas A&M University

U.S - India Science 
& Technology 
Endowment Fund

U.S. Agency for 
International 
Development

U.S. Army Corps of 
Engineers

U.S. Department of 
Agriculture

U.S. Department of 
Defense

U.S. Department of 
Education

U.S. Department of 
Energy

U.S. Department of 
Health & Human 
Services

U.S. Department of 
Homeland Security

U.S. Department of the 
Interior

U.S. Department of 
State

U.S. Environmental 
Protection Agency

U.S. Fish & Wildlife 
Service

U.S. Food and Drug 
Administration

U.S. Geological Survey

United States Institute 
of Peace
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Research Association

University of Delaware

University of Maine

University of Miami

University of New 
Hampshire

University of North 
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University of Oklahoma

University of Pittsburgh

University of Rhode 
Island

University of Southern 
California

University of Southern 
Mississippi

University of Utah

University of Vermont

University of 
Washington

University of Waterloo

Univision

WestEd

Government Agencies and Other Organizations

The AAAS Kavli Science 
Journalism Awards 
Endowment

The Charles Valentine 
Riley Memorial 
Endowment

The Early-Career 
Award for Public 
Engagement Fund

The Fund for Honesty in 
Scientific Research

The Gilbert S. Omenn 
Grand Challenges 
Endowment

The Marion Milligan 
Mason Fund

The John P. McGovern 
Endowment

The Joshua E.Neimark 
Memorial Travel 
Assistance 
Endowment

The Martin L. and Rose 
Wachtel Memorial 
Fund

The Revelle Fund
The William T. Golden 

Endowment Fund for 
Program Innovation

Endowments & Named Funds
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SERVING SOCIETY THROUGH  

SCIENCE POLICY

Join Us in Boston 

The AAAS Annual Meeting is interdisciplinary 

and inclusive. Thousands of leading scientists, 

engineers, educators, policymakers, and journalists 

from around the world will gather to discuss recent 

developments in science and technology.

Registration opens August 2016.

aaas.org/meetings

A M E R I C A N  A S S O C I A T I O N  F O R  T H E  A D V A N C E M E N T  O F  S C I E N C E
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Research published in the Science family of journals 
in 2015 described advances in cancer immunotherapy 
and personalized vaccines, new insights to climate-
change impacts, and the first fascinating flyby of the 
dwarf planet Pluto and its moon, Charon. At the same 
time, AAAS dispatched 280 Science & Technology 
Policy Fellows to Capitol Hill and elsewhere, bringing 
science to bear in policy decisions. The association 
also provided awards and mentoring programs to help 
uplift women in science, worked to improve science 
education, leveraged science diplomacy, and spoke 
forcefully on the urgent need to address climate 
change and to fully fund research and development. 
AAAS members remain essential to these and many 
other high-impact activities. By becoming members 
of AAAS, scientists, engineers, teachers, and others 
become a force for advancing science to serve society, 
and a voice for the scientific enterprise worldwide.

The benefits of AAAS membership include the 
Science journals, but also much more—particularly 
now, as the association has been transforming itself 
to better serve its members. In addition to becoming 
a member-facing organization, the Transformation 
Initiative calls on AAAS to ramp up advocacy efforts, 

and to adopt innovative, “digital-first” approaches to 
scientific communication. Already, AAAS has made 
significant strides toward becoming a truly digital-first 
enterprise, through a comprehensive redesign of the 
Science website, the rollout of an open-access journal, 
Science Advances, and plans for two new journals, 
Science Robotics and Science Immunology.

AAAS has also made meaningful progress toward 
putting members first. Engaging every AAAS member 
more fully in the association and its contributions 
to society, while also substantially increasing the 
number of members who help give science a voice on 
pressing global issues, will remain key priorities for 
the new Membership Engagement and Development 
Office. This has meant finding ways to better serve 
members both by improving member services, and 
by providing members with what they need and want 
to advance their careers throughout their lives—
from kindergarten through the post-doctoral and 
professional stages.

How is AAAS improving member services? By the end 
of 2016, a new AAAS Member Platform will provide 
long-time and new members alike with much more 

20 
1 5

By Joining AAAS, Members  
Become a Voice for Science
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intuitive access to AAAS, thereby enhancing the 
member experience. Specifically, the new Member 
Platform will allow users to maintain a single 
log-in, learn how they can become more involved 
with AAAS, update their membership profile, 
and more easily renew their relationship with 
the association, 24-7. Already, the membership-
renewal process has been streamlined and 
simplified. The association’s public website, 
www.AAAS.org, is meanwhile being merged with 
MemberCentral to provide a smoother user 
experience across all AAAS online sites. 

New career services and products are also being 
launched, including certificate-level online courses 
to help members avoid common errors in proposal 
writing, understand the federal R&D budget 
process, effectively work with policymakers, 
communicate science to non-scientists, and 
engage with the public on science-society issues. 
(See Careerdevelopment.AAAS.org.)

Members make it possible for AAAS to help 
broaden the science and technology talent pool, 
build bridges toward international research 

cooperation, and communicate the value of 
science—and scientific investments—to society. 
AAAS is therefore working to dramatically expand 
its membership, by reaching out to sectors that 
may have been less engaged with AAAS in the 
past, such as those working in industry, students 
and faculty at community colleges, early-
career professionals, high-school students, and 
eventually, the science-interested public. As part 
of a new Employee Ambassadors Program, every 
member of the AAAS staff has become a member 
of AAAS so that they can experience firsthand 
what it means to be a member. Employees are 
also being challenged to help expand the ranks of 
AAAS. Every existing member can be a positive 
force for science, too, by spreading the word 
about the good work that AAAS is doing. Help to 
give scientists and engineers an influential voice 
worldwide. For AAAS membership information, log 
onto www.aaas.org/join. 

Open Minds
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Consolidated Statements of Financial Position for the years ended December 31, 2015 and 2014
($ in thousands)
 2015 2014
ASSETS
Cash 5,311 5,860 
Accounts receivable, net   3,345 2,929 
Grants and contributions receivable, net 11,064  6,316 
Prepaid expenses and other 2,800  2,307  
Investments   77,169 92,335
Property, plant and equipment 57,490   58,046

Total assets 157,179   167,793  

LIABILITIES AND NET ASSETS
Liabilities: 
Accounts payable and accrued expenses 10,629 13,169 
Deferred dues, subscriptions revenue and other 22,133 24,465 
Bonds payable, net 7,471 9,209  

Total liabilities 40,233  46,843 

Net assets: 
Unrestricted 83,611 93,986 
Temporarily restricted 18,309 17,776 
Permanently restricted 15,026  9,188 

Total net assets 116,946  120,950 

Total liabilities and net assets 157,179  167,793  

Consolidated Statement of Changes in Net Assets for the years ended December 31, 2015 and 2014
($ in thousands)
 2015 2014
Revenues:
Member dues 9,446 9,914 
Publishing 49,891 49,748  
Grants and other program support 29,023  29,077 
Leasing, investments and other 10,185 11,771  

 98,545 100,510 
Expenses:
Publishing 47,198 46,711 
Education, policy and other programs 38,424 38,987 
General and administrative expenses 16,398 15,642  

 102,020 101,340 

Operating income, before tax (3,475) (830) 
Provision for income tax 58 221 
Nonoperating revenue and expense (6,841)  (3,399) 

Change in unrestricted net assets (10,374) (4,450) 
Change in restricted net assets 6,370  (644)  

Change in net assets (4,004)  (5,094) 
Net assets, beginning of year 120,950 126,044  

Net assets, end of year 116,946 120,950 

Financial Statements20 
1 5
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BOARD OF DIRECTORS 2015

Chair 
Gerald R. Fink 
Whitehead Institute/Massachusetts 
Institute of Technology

President 
Geraldine Richmond 
University of Oregon

President-Elect 
Barbara Schaal 
Washington University in St. Louis

Treasurer 
David Evans Shaw 
Black Point Group

Chief Executive Officer 
Rush D. Holt

OTHER MEMBERS

Bonnie L. Bassler 
Princeton University

May R. Berenbaum 
University of Illinois at Urbana-Champaign

Carlos J. Bustamante 
University of California, Berkeley

Stephen P.A. Fodor 
Cellular Research, Inc.

Claire M. Fraser 
University of Maryland School of Medicine

Michael Gazzaniga 
University of California, Santa Barbara

Laura H. Greene 
National High Magnetic Field Laboratory/
Florida State University

Elizabeth Loftus 
University of California, Irvine

Mercedes Pascual 
University of Chicago 

AAAS MANAGEMENT

Chief Executive Officer and  
Executive Publisher 
Rush D. Holt

Chief Operating Officer 
Celeste Rohlfing

Center of Science, Policy and 
Society Programs 
Edward Derrick, Chief Program Director

Digital Media 
Rob Covey, Chief Digital Media Officer

Education and Human Resources 
Programs 
Shirley M. Malcom, Director

Executive Office 
Andrew Black, Chief of Staff 
Beth Rosner, Senior Advisor

Finance 
Colleen Struss, Chief Financial Officer / 
Chief Legal Officer

Government Relations 
Joanne Carney, Director

Human Resources 
Patricia Sias, Director

Information Technology 
Michael Savelli, Chief Technology Officer 

International and Security Affairs 
Tom Wang, Chief International Officer  
and Director, AAAS Center for Science 
Diplomacy

Marketing 
Elise Swinehart, Director

Membership Development and 
Engagement 
Beth Bush, Chief Membership Officer 

New Business Innovations & 
Trellis 
Josh Freeman, Senior Advisor and Founding 
General Manager, Trellis

Philanthropy and Strategic 
Partnerships 
Juli Staiano, Chief Philanthropy Officer

Public Programs 
Ginger Pinholster, Chief Communications 
Officer 

Publishing  
Bill Moran, Interim Publisher

Project 2061 
Jo Ellen Roseman, Director

Science Editorial 
Marcia McNutt, Editor-in-Chief 
Monica Bradford, Executive Editor

Science News 
Tim Appenzeller, News Editor

ASSOCIATION INFORMATION

Association Headquarters 
Association Headquarters 
American Association for the  
Advancement of Science 
1200 New York Avenue, NW 
Washington, DC 20005 USA 
Tel: 202-326-6400

AAAS Annual Meeting 
Dates: 16-20 February 2017 
Location: Boston, Mass. 
www.aaas.org/meetings 

Find future and past meeting information. 

AAAS 
www.aaas.org 
Find breaking AAAS news and membership 
information.

Science Journals 
www.sciencemag.org/journals 
Science, Science Advances, Science 
Signaling, Science Translational Medicine, 
and as of 2016—Science Robotics and 
Science Immunology

Science Careers 
www.sciencecareers.org 
Look for career advice, how-to information 
and more.

EurekAlert! 
www.eurekalert.org 
Read breaking research news in multiple 
languages.

Trellis 
www.trelliscience.com 
A digital communication and collaboration 
platform.

MAKE A GIFT 
www.aaas.org/giving 
Be a catalyst for change—donate online.

JOIN AAAS 
www.aaas.org/join 
Advance science, serve society, and read  
Science, too.

This report is based on content written by 
various members of the AAAS Office of 
Public Programs staff during 2015. Writing 
assistance was provided by Kathleen O’Neil. 
The design was developed by the AAAS 
Marketing team.

AAAS Board of Directors,
Officers, and Information

20 
1 5
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Because of you ...

Volunteer scientists are bringing their real-world experience 
into K-12 classrooms nationwide.

Thousands of science and engineering fellows have helped 
to shape science and technology policy in Congressional 
offices and agencies. The science and technology community 
has a trusted voice.

Your continued support of AAAS is vital to everything 
we do to promote science and support the scientific 
enterprise worldwide. Please take a moment to encourage 
your colleagues, friends, and family to lend their support 
to our common cause by becoming members of AAAS by 
visiting promo.aaas.org/joinaaas.

You can also help to expand our reach with a simple online 
donation at support.aaas.org.

Thank you again for your continued support.

Thank You
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American Association for the
Advancement of Science

1200 New York Avenue, NW
Washington, DC 20005 USA
Tel: 202-326-6440
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March 18, 2016

As leading academic medical centers and scientific and medical societies who conduct and 
support life-saving research, we have grave concerns about legislative proposals to restrict the 
use of fetal tissue for research.

From therapies for end-stage breast cancer, diabetes, and Parkinson’s disease to a promising 
vaccine for Ebola, vital medical research depends on continued use of fetal tissue under current 
laws and regulations.  Fetal tissue continues to be an important resource for biomedical research. 
Fetal tissue is used when scientists need a cellular system that is less differentiated than adult 
cells. According to the U.S. Department of Health and Human Services, “fetal tissue continues to 
be a critical resource for important efforts such as research on degenerative eye disease, human 
development disorders such as Down syndrome, and infectious diseases, among a host of other 
diseases.” Since the 1930’s, fetal tissue has been used in a broad range of research that has led to 
lifesaving discoveries. In the past, human fetal tissue research has been critical in establishing 
permanent cell lines for use in vaccine research for diseases such as polio, hepatitis A, measles, 
mumps, rubella, chickenpox, and rabies. These established cell lines are currently being used to 
develop an Ebola vaccine.

Legislative proposals that halt research from cells already developed from fetal tissue and/or 
restrict scientists’ access to new tissue or cell lines would have serious downstream 
consequences: 

They would limit new research on vaccines not yet developed, for treatments not yet 
discovered, for causes of diseases not yet understood.
Some research questions cannot be answered using previous cell lines that have been 
immortalized; such proposals would prevent research that requires tissue that has been 
obtained more recently. 
Such proposals would restrict research only to organs or tissues for which cell lines 
currently exist, preventing new avenues of research exploring differences between tissue 
types.
Such proposals would restrict access to new tissue necessary for the development and 
validation of novel research tools and technologies – essential to cutting-edge research. 
Organs and tissues are not just composed of a single type of cell, but rather an 
environment of multiple cell types; proposed restrictions would prevent scientists from 
studying the behavior of cells as they exist in our bodies. 

As a prominent bioethicist has observed, the legal and ethical rules enforced for fetal tissue 
donation are similar in many respects to the ethics of organ donation.  The ability to donate fetal 
tissue for medical research is not linked to an increase in the number of abortions practiced.  Nor 
can we reasonably expect a limitation on fetal tissue donation or research to reduce the number 
of abortions. Rather, it will prevent the use of tissue that would otherwise be destroyed, 
hindering efforts to better understand, diagnose, and treat diseases.
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We understand and share some of the concerns that have been raised in response to recent 
headlines, and our institutions endorse strong ethical practices that will address these concerns 
without shutting down vital research. We oppose any efforts to profit from the sale or 
distribution of human fetal tissue. Additionally, we embrace the best ethical practices that 
separate the decision to have an abortion from the decision to donate tissue for research.

As physicians and scientists, we work every day to save and improve lives. We urge lawmakers 
to support our ability to continue this important work by rejecting any proposals that restrict 
access to fetal tissue for research that has the potential to save countless lives.   

American Association for the Advancement of Science
American Congress of Obstetricians and Gynecologists
American Physiological Society
American Society for Reproductive Medicine 
American Society of Hematology 
Association of American Universities
Association of Anatomy Cell Biology and Neurobiology Chairs
Association of Chairs of Departments of Physiology
Association of Medical School Microbiology and Immunology Chairs
Association of Public and Land-Grant Universities
Association of University Radiologists
Beth Israel Deaconess Medical Center
Boston Children’s Hospital
Boston University School of Medicine
California Northstate University College of Medicine
Cedars-Sinai Medical Center
Children’s Hospital Los Angeles
Columbia University Medical Center
Duke University School of Medicine
Feinberg School of Medicine, Northwestern University
Florida Atlantic University
Harvard University
Jacobs School of Medicine and Biomedical Sciences at the University at Buffalo
Johns Hopkins University
Loma Linda University School of Medicine
Marshall University Joan C. Edwards School of Medicine
Medical College of Wisconsin
Michigan State University College of Human Medicine
Mount Sinai Health System
National Multiple Sclerosis Society 
NYU Langone Medical Center
Oregon Health & Science University
The Perelman School of Medicine at the University of Pennsylvania
Research!America
Roy J. and Lucille A. Carver College of Medicine at the University of Iowa
Rutgers Robert Wood Johnson Medical School
Stanford University School of Medicine
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Stony Brook Medicine  
SUNY Upstate Medical University College of Medicine
Temple University School of Medicine
Tufts University School of Medicine
Tulane University School of Medicine
Universidad Central del Caribe
University of Alabama School of Medicine
University of Chicago
University of Colorado School of Medicine
University of Illinois Hospital & Health Sciences System
University of Maryland, Baltimore
University of Massachusetts Medical School
University of Michigan Medical School
University of Nevada School of Medicine
University of New Mexico Health Science Center
University of Pittsburgh School of Medicine
University of Puerto Rico School of Medicine
University of Rochester Medical Center
University of Washington
University of Wisconsin-Madison
Virginia Commonwealth University School of Medicine
Washington University in St. Louis
Weill Cornell Medical College
Wright State University
Yale School of Medicine

B-63

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 69 of 461
(114 of 506)



 

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 70 of 461
(115 of 506)



SPACE Uncertainty over  

future triggers push in 

space-station research p.196
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breast-cancer tests hots up  

a year after patent ban p.198

ACOUSTICS Marine signal 

offers lead in hunt for 

missing plane p.199

SOUTH AMERICA Seeds of 

success build hope for 

stronger science p.201

B Y  A L I S O N  A B B O T T

A neurosurgery team will next month 
transplant cells from aborted human 
fetuses into the brain of a person with 

Parkinson’s disease. The operation breaks a 
decade-long international moratorium on the 
controversial therapy that was imposed after 
many patients failed to benefit and no one 
could work out why. 

But the trial comes just as other sources of 

replacement cells derived from human stem 
cells are rapidly approaching the clinic. And 
this time, scientists want to make sure that 
things go better. So the teams involved in all 
the planned trials have formed a working 
group to standardize their research and clini-
cal protocols in the hope that their results will 
be more easily interpretable.

People with Parkinson’s disease suffer from 
a degeneration of neurons that produce the 
neuro transmitter dopamine, which is crucial for 

normal movement. This often leaves patients 
with severe mobility problems. Standard treat-
ment includes the drug l-dopa, which replaces 
dopamine in the brain but can cause side 
effects. The cellular therapies aim to replace the  
missing neurons with dopamine-producing 
(dopaminergic) cells from fetal brains or with 
those derived from human stem cells. 

The moratorium on replacement-therapy 
trials was introduced in 2003 because the early 
fetal-cell studies had produced varying results 
that were impossible to interpret. 

“We want to avoid a repeat of this situation,” 
says neurologist Roger Barker at the University 
of Cambridge, UK, who helped to organize the 
working group’s inaugural meeting in London 
last month. The group, known as the Parkin-
son’s Disease Global Force, includes scientists 
from the European, US and Japanese teams 
about to embark on the trials. At the meeting, 
they pledged to share their knowledge and 
experiences.

The first human transplantation of fetal 
brain cells took place in 1987 at Lund Uni-
versity in Sweden, where the technique was 
pioneered. Surgical teams took immature fetal 
cells destined to become dopaminergic neu-
rons from the midbrain of aborted fetuses and 
transplanted them into the striatum of patients’ 
brains, the area of greatest dopamine loss in 
Parkinson’s disease. 

More than 100 patients worldwide received 
the therapy as part of clinical trials before the 
moratorium. “But centres used different pro-
cedures and protocols — it was impossible to 
work out why some patients did very well and 
others didn’t benefit at all,” says Barker.

In 2006, Barker, together with neuroscien-
tist Anders Björklund at Lund University, set 
up a network to bring together the original 
seven teams that had performed the trans-
plants, to assess all protocol details and patient 
data retrospectively.

The teams worked out that the procedure 
tended to be most effective in patients who 
were relatively young and whose disease was at 
an early stage. In addition, post-mortem analy-
sis of patients’ brains showed that those who 
benefited most had at least 100,000 dopamine-
producing cells of fetal origin integrated into 
their brains. Cells from at least three fetuses are 
needed to achieve these numbers, the neuro-
scientists concluded.

The retrospective analysis encouraged the 
European scientists, including Barker and 

R E G E N E R AT I V E  M E D I C I N E

Fetal-cell revival 
for Parkinson’s
Moratorium on controversial therapy lifted as stem cells 
emerge as alternative source of treatment.

Defective brain neurons are responsible for the mobility problems seen in people with Parkinson’s disease.
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In January, when the United States proposed 
extending International Space Station 
(ISS) operations until 2024, the world 

was a very different place. That was before 
Russian military intervention in Ukraine, 
before US–Russian relations foundered 
and before Russian deputy prime minister 
Dmitry Rogozin suggested that US astronauts 
use a trampoline to get themselves to orbit (see 
Nature http://doi.org/s4f; 2014).

Rogozin also suggested last month that 
Russia would stop participating in the space-
station programme after its scheduled end 
date of 2020. That statement did not set official 
government policy, but given Russia’s key role 
in the orbiting outpost it cast a shadow over 
hopes for the four-year extension.

With the clock ticking, the race is on 
to conduct as much science as possible in 
whatever time the space station has left. At 
a conference next week in Chicago, Illinois, 
NASA scientists will try to lure researchers 
who have not worked with near-zero-gravity 
conditions before. The goal is to get them to 

propose anything from the usual research 
agenda — such as protein crystallization and 
human physiology experiments — to basic 
biomedical research and Earth-science obser-
vations that can take advantage of the high-
flying platform before its mission ends (see 
‘Research push’). “There’s never been anything 
like it,” says Julie Robinson, NASA’s space-
station research chief at the Johnson Space 
Center in Houston, Texas. “It’s like a university, 
all together with all the disciplines — I don’t 
know if we’ll see that again.”

More than 1,600 scientists from 69 coun-
tries have contributed to experiments carried 
out on the space station since its first module 
was launched in 1998. The United States is the 
largest science user. But over the years, many 
have questioned the value of the science done 
in orbit. One main goal is to help humans to 
endure long-duration spaceflight, but early 
experiments often failed. For instance, NASA 
astronauts would spend hours a day exer-
cising on treadmills to slow down muscle 
wasting and bone loss — to little avail. Force 
measurements revealed that they were sub-
jecting their bodies to stresses that were not 

S PA C E

Space-station 
science ramps up
NASA pushes research agenda in face of Russian resistance.

Björklund, to launch a new trial, which 
is funded by the European Union, involv-
ing fetal dopaminergic-neuron transplants. 
Known as TRANSEURO, it will monitor 
disease progression in 150 patients in the 
United Kingdom, Sweden, France and 
Germany. The first patient is due for trans-
plantation next month at Addenbrooke’s 
Hospital in Cambridge. In line with the 
retro spective findings, the average age of  
trial participants at recruitment was 55, and 
their average disease duration just 4 years. 
None had displayed dyskinesias — uncon-
trolled muscle movements that can be a side 
effect of l-dopa treatment.

But stem-cell biology has advanced  
significantly since 2003, and dopaminergic 
neurons can now be derived from human 
embryonic stem cells and also from induced 
pluripotent stem cells — mature cells that 
have been rewound to an uncommitted 
stem-cell-like state and that can be coaxed 
to become a cell type of choice. These poten-
tial sources are more desirable than those 
derived from fetuses, because fetal cells are 
hard to come by and their biology varies. 

Research is under way to ensure that 
the stem cells develop into the exact type 
of dopaminergic cell needed to treat  
Parkinson’s and that they become correctly 
integrated into recipients’ brains. But pro-
gress has been so fast that clinical trials are 
already on the horizon. A Japanese trial, 
using induced pluripotent stem cells, is 
planned to start in Kyoto within two years; 
and two trials using human embryonic 
stem cells are also planned, one to begin 
within three years in New York and the 
other in Europe within four to five years.

The Parkinson’s Disease Global Force 
hopes that its joint planning will make 
comparing outcomes easier. Members will 
share their protocols for deriving and graft-
ing cells, as well as their clinical criteria for 
patient selection and follow-up. 

They see the TRANSEURO trial as a 
pathfinder. “We don’t know yet which 
source of cell will turn out to be the best, but 
right now the fetal cell is the gold standard 
we need to match,” says neurologist Claire 
Henchcliffe from the Weill Cornell Medical 
Center in New York, who is coordinating 
the working group’s guidelines on patient 
assessment and trial design. 

The stem-cell approaches have a long 
way to go before they can rival the promise 
of fetal cells, says Lund University stem-
cell biologist Malin Parmar, a member 
of the European clinical-trial team. That 
is because the cells from fetal brains are 
already on the way to becoming mature 
dopaminergic cells. “The human body 
knows very well how to develop each 
cell type from the embryo,” she says. “We 
haven’t learnt all of these secrets yet, but we 
have learnt some major ones.” ■

NASA astronaut Karen Nyberg works on a colloid experiment aboard the International Space Station.
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On April 20, a special House committee held 
another hearing in an ongoing investigation on 
fetal tissue that is casting  a pall on the biomedi-
cal community. 

In the past few months, the subcommittee, 
called the Investigative Panel on Infant Lives, 
led by Marsha Blackburn, a Republican from 
Tennessee, has sent off a total of 15 subpoe-
nas to scientific organizations, along with 40 
letters, some of which request the names of 
researchers, technicians, and all other person-
nel involved with fetal tissue procurement and 
research in the past five years. In some cases, 
the investigative panel also requests copies of 
all emails exchanged between people involved 
with fetal tissue research, accounting records, 
and a wide range of other documents. If the 
recipients do not comply, they could be held 
in contempt of Congress.

These and other aggressive tactics have led 
House Democrats and scientists to call the 
investigation a smear campaign. They fear 
that the Panel intends to spook researchers into 
curbing their studies, to trigger more state laws 
that halt fetal tissue research, and to cast abor-
tion in an unfavorable light.

However, Mike Reynard, a spokesperson for 
the Panel, says the requests are not intended to 
scare, but rather to help the members assess 
whether fetal tissue research is ethical, crucial, 
and conducted legally. “The point of the sub-
poenas is to gather information necessary for 
our investigators to fully understand exactly 
what is going on with the transactions between 
abortion businesses, procurement organiza-
tions, and other related entities,” he says. “We 
also want to understand the necessity of the 
fetal tissue research.” 

Thus far, the subcommittee has issued sub-
poenas to, among others, an ethics review 
board involved with fetal tissue research, two 
medical supply companies, and the University 
of New Mexico. 

The investigation follows last July’s release 
of doctored videos that claimed to show 
Planned Parenthood clinics involved in the 
illegal sale of body parts. Since then, three 
congressional committees and 12 states have 
found zero evidence to indicate that Planned 
Parenthood profits from the sale of fetal  tissue. 

Fetal tissue probe unsettles scientific community

In January, a Texas grand jury echoed that 
finding and instead indicted two people from 
the anti-abortion organization that produced 
the videos, the Center for Medical Progress. 
Nonetheless, Chairman Blackburn authored an 
op-ed April 6 in the National Review headlined 
“What Happened to ‘Safe, Legal and Rare’? 
Abortion Today is about Profit, Profit, Profit.”  

“The chair has embarked on a partisan and 
dangerous witch hunt,” said Representative Jan 
Schakowsky (D-Illinois) at a March 2 hearing 
of the Panel that focused on the ethics and 
necessity of fetal tissue research. Speaking at 
the hearing, Schakowsky recalled the words, 
“no more baby parts,” uttered by the shooter 
who killed three people and injured nine oth-
ers at a Planned Parenthood clinic in Colorado 
Springs, Colorado, in November 2015. The 
same type of inflammatory language was now 
being used by the Panel, she noted, in connec-
tion with fetal tissue research.

A spokesperson for the Panel says most 
names will be kept private, but there is no 
punishment to discourage their being leaked. 
Because of that possibility, scientists worry they 
could be targeted by anti-abortion extrem-

ists. “We read news of deaths and attacks on 
 abortion clinics, so one has to fear that some-
one misguided might put something in your 
mailbox, or do something to your children, and 
that has really caused a significant amount of 
anxiety,” says Mike McCune, professor of medi-
cine and chief of the Division of Experimental 
Medicine at the University of California, San 
Francisco, who studies fetal tissue in order to 
develop therapies to save infants with lethal 
congenital disorders and babies infected with 
HIV in utero. 

McCune is one of the rare researchers who 
uses fetal tissue and agreed to speak on the 
record to Nature Biotechnology. Twenty oth-
ers did not reply or declined to comment. One 
cancer researcher received hate mail after a con-
servative media website linked the investigator’s 
name to fetal tissue research. In response, the 
floors of some researcher’s laboratories are now 
permanently locked and de-identified, con-
straining the scholarly exchange of students, 
visitors, and ideas. 

When a woman who has already elected 
to have an abortion decides to anonymously 
donate fetal tissue, it may go to researchers 

The uproar over fetal tissue uses began with action from anti-abortion groups against Planned 

Parenthood clinics.
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ing, Goldstein told Representative Sean Duffy 
(R-Wisconsin) that he acquires his fetal tissue 
from Neuralstem (Germantown, Maryland), 
and that they have assured him they conduct 
their business legally. “So that’s it?” Duffy 
asked incredulously. “You haven’t taken any 
further steps?”

Duffy also asked Goldstein some rather 
inflammatory, open-ended questions, such as, 
“Do you know how long it takes to carve out a 
little baby heart, or a little baby lung, or a little 
baby head?” Goldstein replied that he did not 
know because he was a researcher with a PhD 
and not a doctor. 

“I don’t think there’s anything wrong with 
revisiting ethical debates, but I don’t think 
that’s what this is,” says R. Alta Charo, a bio-
ethics law professor from the University of 
Wisconsin–Madison who testified at the hear-
ing. “It seems to be an excuse to milk some 
value out of the doctored videos so that the 
general public has the perception that there 
is something shady in the abortion indus-
try linked to commercial interest.” She adds, 
“That’s a real problem if it leads to shutting 
down research we truly need.”

That’s already happening. In March, Florida 
passed legislation to prohibit the donation of 
aborted tissue. Similar bills that limit or halt 
research on fetal tissue from abortions have 
also been introduced in several states, includ-
ing Indiana, North Dakota, South Dakota, 
Oklahoma, Ohio, Minnesota, and Wisconsin. 
And one planned trial on a therapy for wheel-
chair-using patients with multiple sclerosis 
has been put on hold due to a sudden freeze 
on fetal tissue donations. “We may be able 
to switch to embryonic stem cells in a few 
years,” says an investigator on that trial, Steve 
Goldman, a neurologist at the University of 
Rochester Medical Center in Rochester, New 
York. “But it’s a tragedy we cannot try this now. 
A few years is a big deal to an MS patient who 
is wheelchair bound—their health rapidly 
deteriorates at that stage, and they can die.”

Even if no one is found guilty in the inves-
tigation, a hostile and unstable environment 
might drive researchers out of fields like infant 
medicine and pediatric HIV, which advance in 
part through fetal tissue research. “I can guaran-
tee you that if a young scientist looks down the 
road and sees a shotgun, they will not gravitate 
in that direction,” McCune says. 

Amy Maxmen Berkeley, California

fetal cells. Teva Pharmaceutical of Petah Tikva, 
Israel, relies on a fetal cell line named WI-38 to 
make the adenovirus flu vaccine given to US 
military personnel. That cell line is also used in 
the production of measles, rubella, rabies, hep-
atitis A, and chickenpox vaccines. According 
to the US National Institutes of Health, cell 
lines derived from fetal tissue continue to play 
an essential role in the creation of vaccines for 
certain diseases, including Ebola.

Goldstein and other researchers who work 
with fetal tissue say that it is often necessary 
to study a particular biological question—for 
example, how the Zika virus infects brain 
cells—in more than one cell type. If Congress 
were to shut down the use of fetal tissue cells, 
Goldstein says, progress toward treatments 
and cures would be delayed. 

Still, some speak-
ers at the March 2 
hearing insisted the 
research was wrong, 
reasoning that one 
life should not be 
traded for another. 
McCune, who uses 
fetal tissue to figure 
out how babies with 
lethal genetic dis-
eases might one day 

survive by being treated in utero, counters that 
remark by saying that the tissue he uses would 
otherwise be discarded. He also counters the 
assertion that fetuses donated after a miscar-
riage would suffice, because these fetuses often 
have biological abnormalities that render them 
inadequate for his studies.

“The hearing falls into the category of 
trying to muster public opprobrium for the 
whole practice as a way to close down abor-
tion providers. If there was true interest in 
having guidelines, they can be found with 
in a 30-second search on the Internet,” says 
Arthur Caplan, the medical ethicist at New 
York University Langone Medical Center 
whose work helped shape the original regula-
tions in 1988.

Researchers who spoke with Nature 
Biotechnology maintain that they go through 
several steps prior to a study’s launch to 
ensure it is ethical, legal, and makes sense to 
do. However, it’s not clear that these proce-
dures will satisfy the panel. During the hear-

directly or to biomedical supply companies 
that process it—using it to generate cell lines, 
for example, and then selling those to inves-
tigators. These companies include Advanced 
Bioscience Resources (Alameda, California), 
StemExpress (Placerville, California), and the 
Ganogen Research Institute (Redwood City, 
California). The Panel has contacted these com-
panies. On its website, Ganogen, Inc. writes, 
“While Ganogen has been subpoenaed by 
Congress in an act of political intimidation, we 
remain committed to continuing our research 
in our quest to save lives.”

Because science has advanced over the past 
decade, the Panel is also asking why fetal tissue 
has not been replaced with newer tools, such as 
induced pluripotent stem cells harvested from 
adults. Fetal tissue cannot be paid for directly, 
so skeptics wonder 
whether scientists 
merely use it because 
it’s cheap. “Are [scien-
tists] acquiring tissue 
for their own conve-
nience or because 
it’s really needed for 
life-saving research?” 
the Panel spokes-
person tells Nature 
Biotechnology. He 
adds that they’ve heard mixed messages: 
“Some scientists claim to need it and oth-
ers say there are alternatives.” Indeed, a pro-
fessor of radiology invited to testify at the 
Panel’s March 2 hearing, radiology researcher 
Kathleen Schmainda from the Medical College 
of Wisconsin, argued that fetal tissue research 
is unethical and unnecessary. 

However, Lawrence Goldstein, a neuro-
biologist at the University of California, San 
Diego, spoke on behalf of 60,000 life scientists 
and physicians belonging to the International 
Society for Stem Cell Research, the American 
Society for Cell Biology, and the Coalition for 
Life Sciences at the hearing, where he testified 
that fetal tissue research may continue to yield 
life-saving cures. 

There is no one cell type best for research 
because each has specific properties, Goldstein 
said. Rather, the type of cell used depends on a 
researcher’s goal. For instance, vaccine manu-
facture often relies on viruses replicating in 
cells, and certain viruses multiply very well in 

A hostile and unstable 
environment might drive 
researchers out of fields 
like infant medicine and 
pediatric HIV, which advance 
in part through fetal tissue 
research. 
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Et was an otherwise normal day in November when Madeline Lancaster 
realized that she had accidentally grown a brain. For weeks, she had 
been trying to get human embryonic stem cells to form neural rosettes, 
clusters of cells that can become many different types of neuron. But for 
some reason her cells refused to stick to the bottom of the culture plate. 
Instead they floated, forming strange, milky-looking spheres. 

“I didn’t really know what they were,” says Lancaster, who was then 
a postdoc at the Institute of Molecular Biotechnology in Vienna. That 

day in 2011, however, she spotted an odd dot of pigment in one of her spheres. Looking under 
the microscope, she realized that it was the dark cells of a developing retina, an outgrowth of 
the developing brain. And when she sliced one of the balls open, she could pick out a variety of 
neurons. Lancaster realized that the cells had assembled themselves into something unmistak-
ably like an embryonic brain, and she went straight to her adviser, stem-cell biologist Jürgen 
Knoblich, with the news. “I’ve got something amazing,” she told him. “You’ve got to see it.” 

Lancaster and her colleagues were not the first to grow a brain in a dish. In 2008, researchers 
in Japan reported1 that they had prompted embryonic stem cells from mice and humans to form 
layered balls reminiscent of a cerebral cortex. Since then, efforts to grow stem cells into rudimen-
tary organs have taken off. Using carefully timed chemical cues, researchers around the world 
have produced three-dimensional structures that resemble tissue from the 
eye, gut, liver, kidney, pancreas, prostate, lung, stomach and breast. These 
bits of tissue, called organoids because they mimic some of the structure 
and function of real organs, are furthering knowledge of human develop-
ment, serving as disease models and drug-screening platforms, and might 

RISE OF THE ORGANOIDS
Biologists are 
building banks of 
mini-organs, and 
learning a lot about 
human development 
on the way.

B Y  C A S S A N D R A 
W I L LY A R D

 NATURE.COM
To hear a podcast on 
organoids, go to:
go.nature.com/xjq1jq
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eventually be used to rescue damaged organs (see ‘The organoid bank’). 
“It’s probably the most significant development in the stem-cell field in 
the last five or six years,” says Austin Smith, director of the Wellcome 
Trust/MRC Stem Cell Institute at the University of Cambridge, UK.

The current crop of organoids isn’t perfect. Some lack key cell types; 
others imitate only the earliest stages of organ development or vary 
from batch to batch. So researchers are toiling to refine their organoids 
— to make them more complex, more mature and more reproducible. 
Still, biologists have been amazed at how little encouragement cells 
need to self-assemble into elaborate structures. “It doesn’t require any 
super-sophisticated bioengineering,” says Knoblich. “We just let the 
cells do what they want to do, and they make a brain.” 

GROWING A GUT
This shouldn’t come as a major surprise, says 
molecular biologist Melissa Little at the Uni-
versity of Queensland, Australia. “The embryo 
itself is incredibly able to self-organize; it doesn’t 
need a template or a map.” That has been known 
since the early 1900s, when embryologists 
showed that sponges that had been broken up 

into single cells could reassemble themselves. But such work fell out of 
fashion, and modern biologists have focused their attention on purify-
ing cells and growing them in culture — often in flat layers that do little 
to mimic normal human tissue.

Studying these cells to understand how an organ functions is like 
studying a pile of bricks to understand the function of a house, says 
Mina Bissell, a cancer researcher at the Lawrence Berkeley National 
Laboratory in California. “We should just begin to make the house,” 
she says. Bissell’s work on cultures of breast cells helped to propagate 
the idea that cells behave differently in 3D cultures than in conven-
tional flat ones. By the mid-2000s, the idea was catching on. The burst 
of enthusiasm was fuelled by Yoshiki Sasai, a stem-cell biologist at the 
RIKEN Center for Developmental Biology in Kobe, Japan, who turned 
heads when he grew a cerebral cortex1, followed by a rudimentary optic 
cup2 and pituitary gland3 (see Nature 488, 444–446; 2012). 

Just a year after Sasai announced his layered cortex, Hans Clevers, a 
stem-cell researcher at the Hubrecht Institute in Utrecht, the Nether-
lands, reported the creation of a mini-gut4. The breakthrough stemmed 
from a discovery in 2007, when Clevers and his colleagues had identi-
fied intestinal stem cells in mice. In the body, these cells seemed to 
have an unlimited capacity to divide and replenish the intestinal lining, 
and one of Clevers’ postdocs, Toshiro Sato, was tasked with culturing 
them in the lab. 

Rather than growing the cells flat, the pair decided to embed them in 
matrigel, a soft jelly that resembles the extracellular matrix, the mesh 
of molecules that surrounds cells. “We were just trying things,” Clevers 
says. “We hoped that we would make maybe a sphere or a blob of cells.” 
Several months later, when Clevers put his eye to Sato’s microscope, he 
saw more than blobs. The cells had divided, differentiated into multiple 
types, and formed hollow spheres that were dotted with knobby protru-
sions. Inside, the team found structures that resembled the intestine’s 
nutrient-absorbing villi as well as the deep valleys between them called 
crypts. “The structures, to our total astonishment, looked like real guts,” 
Clevers says. “They were beautiful.” 

The mini-guts, reported in 2009, may prove to be a powerful tool in 
personalized medicine. Clevers and his team are using them to study the 
effectiveness of drugs in people with cystic fibrosis, who have genetic 
defects that affect ion channels and disrupt the movement of water in 
and out of the cells lining the lungs and intestine. The researchers take 
rectal biopsies from people with the disease, use the cells to create per-
sonalized gut organoids and then apply a potential drug. If the treat-
ment opens the ion channels, then water can flow inwards and the gut 
organoids swell up. “It’s a black-and-white assay,” Clevers says, one that 
could prove quicker and cheaper than trying drugs in people to see 
whether they work. 

He has already used the system to assess whether a drug called 
Kalydeco (ivacaftor), and 5 other cystic-fibrosis drugs, will work in 
about 100 patients; at least 2 of them are now taking Kalydeco as a result. 

Organoids may also help physicians to choose the best therapies for 
people with cancer. Earlier this year, Clevers revealed that he had grown 
a bank of organoids from cells extracted from colorectal tumours5, and 
David Tuveson, a cancer researcher at Cold Spring Harbor Laboratory 
in New York, worked with Clevers to generate pancreas organoids using 
biopsies taken from people with pancreatic cancer6. In both cases, the 
organoids could be used to find drugs that work best on particular 
tumours. “What patients are looking for is a logical approach to their 
cancer,” Tuveson says. “I’m very excited about what we’re learning.”

THE SMALL-SCALE STOMACH
That excitement is shared by developmental 
biologist James Wells, who last year reported 
that he and his team had created an organoid 
that resembled part of a human stomach7. 

Wells started with a different raw material to 
Clevers, whose organoids arise from adult stem 
cells that can generate only a limited number of 

cell types. Wells, who is at the Cincinnati Children’s Hospital Medical 
Center in Ohio, and his colleagues craft organoids from embryonic 
stem cells, which have the ability to become almost any type of cell. As a 
result, they have been able to create mini-organs that are more complex. 

A decade ago, Wells and his colleagues began trying to coax human 
embryonic stem cells to form intestinal cells. When the team manip-
ulated two key signalling pathways, the layer of cells produced tiny 
round buds. Wells noticed that these ‘spheroids’ mimicked sections of 
the primitive gut tube, which forms four weeks after conception. This 
was thrilling, because he realized that he now had a starting point from 
which to develop a variety of organoids. “Every organ from your mouth 
down to your anus — oesophagus, lungs, trachea, stomach, pancreas, 
liver, intestine, bladder — all of them come from this very primitive 
tube,” he says.

Wells and his colleagues mined the literature and their own expe-
rience to determine what chemical cues might send these gut tubes 
down the developmental path toward a specific organ. Using this strat-
egy, in 2011 the team developed its first human organoid8, an intestine 
about the size of a sesame seed. But growing a stomach was a bigger 
challenge. In humans, the organ has two key areas: the fundus at the 

THE ORGANOID BANK
Since the late 2000s, biologists have grown a wide variety of rudimentary 
organs to understand development and for medical uses.

Organoid Potential application

Cerebral cortex Understand brain development, as well as 
neurodegenerative diseases and other disorders

Intestine Personalized organoids for identifying patient-tailored 
drugs 

Optic cup Source of retinal tissue for eye therapies

Pituitary gland Source of therapeutic cells for endocrine disorders

Kidney Toxicity testing and a source of tissue for transplantation

Liver Repair of damaged liver 

Pancreas Treat diabetes and identify drugs for pancreatic cancer

Neural tube Study nerve development and a source of cell therapies 

Stomach Understand stomach development and model gastric 
disorders such as ulcers

Prostate Predict effective drug combinations for prostate cancer

Breast Understand tumour development

Heart Study cardiac development and how drugs affect it 

Lung Model for lung development, maturation and disease
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top, which churns out acid, and the antrum towards the base, which 
produces many key digestive hormones — and the signalling path-
ways that lead to one versus the other were unknown. What is more, 
“the human stomach is different from the stomachs of most animals 
that we use in the lab”, so there is no good animal model, says Kyle 
McCracken, a former graduate student of Wells and now a medical 
student at the centre. 

The researchers went for a trial-and-error approach: they made some 
educated guesses and painstakingly tested different combinations of 
growth factors. Eventually, the effort paid off. In a 2014 paper7, Wells 
and his team revealed that they had created organoids that resembled 
the antrum. Using these as a model system, the team says that it has 
figured out the chemical trigger that prompts the development of a fun-
dus. Now the researchers are working to answer other basic questions 
about stomach development and physiology, such as which factors 
regulate acid secretion, and they are trying to generate other mini-
organs from their primitive gut tubes. 

This newfound ability to examine human development excites Daniel 
St Johnston, a developmental geneticist at the University of Cambridge’s 
Gurdon Institute. “You can actually watch how the cells organize them-
selves to make complicated structures,” he says — something that is 
impossible in a human embryo. But most organoids are still single tis-
sues, which limits what developmental biologists can learn, he says. 
“There are certain questions you can’t really address because they 
depend upon the physiology of the whole organism.”

THE BABY KIDNEY
Melissa Little has spent more than a decade 
marvelling at the complexity of the kidney. “It 
has, in an adult, probably 25–30 different cell 
types, each doing different jobs,” she says. Tubu-
lar structures called nephrons filter fluid from 
the blood and produce urine. The surrounding 
space, called the interstitium, holds an intricate 

network of blood vessels and the plumbing that carries urine away. 
In 2010, Little and her colleagues started trying to turn embryonic 

stem cells into a progenitor cell that gives rise to nephrons. For three 
years, they tried various combinations and timings of growth factors. 
“It really took a lot of mucking around to make progress,” she says. But 
finally, in 2013, the team landed on just the right mixture. Little had 
been aiming to produce just the progenitor cells. But when she looked 
in the dish she saw two cell types spontaneously patterning themselves 
as they would in an embryo. “There was a moment of, ‘Oh wow. Isn’t 
that amazing’,” she says. 

This organoid resembles an embryonic kidney rather than an adult 
one: it has a mix of nephron progenitors and the cells that give rise to 
urine-collecting ducts9. “If you want to get them to mature further, 
that’s where the challenge really lies,” Little says. So her team has been 
working to grow a more-sophisticated version — with blood vessels 
and interstitium. The hope then is to transplant the mini-organs into 
mice to see if they will mature and produce urine. “I’m pretty excited 
about what we can build,” Little says. 

Because the kidney plays a key part in drug metabolism and excre-
tion, Little thinks that her mini-kidneys could be useful for testing drug 
candidates for toxicity before they reach clinical trials. And researchers 
say that other human organoids, such as heart and liver, could similarly 
be used to screen drug candidates for toxic effects — offering a better 
read-out on the response of an organ than is possible with standard 
tissue culture or animal testing. 

But Michael Shen, a stem-cell researcher at Columbia University in 
New York who has created a prostate organoid, is sceptical that these 
model systems could completely replace lab animals. Animals can show 
how a therapy affects the immune system, for example, something that 
organoid systems cannot currently do. “You want to be able to validate 
your experimental findings in an in vivo system,” he says. “I view that 
as a rigorous test.” 

LITTLE LIVERS
Takanori Takebe was inspired to grow a liver after 
a chilling spell in New York. While working in 
the organ-transplantation division at Columbia 
University in 2010, Takebe saw people die from 
liver failure owing to a lack of organs. “That was 
a sad situation,” he says. When he looked into tis-
sue engineering, he thought that the usual meth-

ods — seeding cells onto an artificial scaffold — seemed destined to 
fail. Part of the problem, he says, is that adult liver cells are very difficult 
to grow. “We cannot maintain it in culture for even a couple of hours.” 

Takebe, who took up a research position at Yokohama City University 
in Japan, decided to work on induced pluripotent stem (iPS) cells, adult 
cells that have been reprogrammed to behave like embryonic stem cells. 
He coaxed human iPS cells into forming liver-cell precursors, or hepato-
blasts. In the embryo, hepatoblasts rely on a complex symphony of signals 
from other nearby cells to mature, and Takebe suspected that these sup-
port cells would also be necessary to develop a liver in a dish. He and his 
colleagues mixed hepatoblasts with such cells — called mesenchymal and 
endothelial cells — and it worked. The team managed to create ‘liver buds’, 
structures no bigger than a lentil that resemble the liver of a six-week-old 
human embryo10. The researchers went on to find that, unlike mature 
liver cells, such structures can survive in culture for as long as two months.

A liver bud is still a far cry from an entire liver — a hefty, multi-lobed 
organ composed of tens of billions of hepatocytes. But Takebe hopes that 
if he can infuse many thousands of buds into a failing organ, he might be 
able to rescue enough of its function to make a transplant unnecessary. 
The process seems to work in mice. When Takebe and his group trans-
planted a dozen of the buds into mouse abdomens, they saw dramatic 
effects. Within two days, the buds had connected up with the mouse’s 
blood supply, and the cells went on to develop into mature liver cells that 
were able to make liver-specific proteins and to metabolize drugs. To 
mimic liver failure, the team wiped out the animals’ natural liver function 
with a toxic drug. After a month, most of the control mice had died, but 
most of those that received liver bud transplants had survived. 

Takebe and his team hope to start human trials in four years. “We will 
target the children that critically need a liver transplant,” he says. He 
and his colleagues are currently working to make the liver buds smaller 
and produce them in huge quantities that they can infuse through the 
large portal vein that feeds the liver. Takebe thinks that the timeline is 
“doable”. But Smith says that the process seems rushed, and that the basic 
biology of these organs needs to be well understood before they are used 
in the clinic. “It’s like running before you can walk,” he says. 

Biologists know that their mini-organs are still a crude mimic of their 
life-sized counterparts. But that gives them something to aim for, says 
Anthony Atala, director of the Wake Forest Institute for Regenerative 
Medicine in Winston-Salem, North Carolina. “The long-term goal is that 
you will be able to replicate more and more of the functionality of a human 
organ.” Already, the field has brought together developmental biologists, 
stem-cell biologists and clinical scientists. Now the aim is to build more-
elaborate organs — ones that are larger and that integrate more cell types. 

And Wells says that even today’s rudimentary organoids are facilitating 
discoveries that would have been difficult to make in an animal model, 
in which the molecular signals are hard to manipulate. “In a Petri dish 
it’s easy,” he says. “We have chemicals and proteins that we can just dump 
onto these cells.” ■

Cassandra Willyard is a science writer based in Madison, Wisconsin.
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Rubella: Make Sure Your Child Gets Vaccinated

Rubella is a

 contagious

 disease

 caused by a

 virus. For

 some people

—especially

 pregnant

 women and

 their unborn

 babies—

rubella can be

 serious. Make

 sure you and your child are protected from rubella by getting vaccinated on schedule.

Most people who get rubella usually have a mild illness, with symptoms that can include a

 low-grade fever, sore throat, and a rash that starts on the face and spreads to the rest of the

 body. Some people may also have a headache, pink eye, and general discomfort before the

 rash appears.

Rubella is dangerous for pregnant women and unborn babies

The most serious complication from rubella infection is the harm it can cause a pregnant

 woman's unborn baby. If an unvaccinated pregnant woman gets infected with rubella virus

 she can have a miscarriage, or her baby can die just after birth. Also, she can pass the virus

 to her unborn baby who can develop serious birth defects such as—

MENU CDC A-Z SEARCH

Language: �English
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Planning a pregnancy?

 Make sure you’re

 protected against

 rubella.

If you are planning to get

 pregnant, make sure you

 are first protected against

 rubella, because if you are

 infected during pregnancy,

 this disease can be very

 dangerous to your unborn

heart problems,

loss of hearing and eyesight,

intellectual disability, and

liver or spleen damage.

Serious birth defects are more common if a woman is infected early in her pregnancy,

 especially in the first trimester.

Children should be vaccinated on schedule to protect them from rubella infection and to

 prevent them from spreading rubella to a pregnant woman and her unborn baby.

Protect your child, and others, with rubella vaccine

The best way to protect your child from rubella is to get him or her vaccinated on schedule.

 Children should be vaccinated against rubella to protect them from infection and to prevent

 them from spreading rubella to a pregnant woman and her unborn baby, as well those who

 cannot get vaccinated because they have a health condition or are too young.

Rubella vaccine is usually given as part of a combination vaccine called MMR, which protects

 against three diseases: measles, mumps, and rubella. MMR vaccine is safe and effective

 and has been widely used in the United States for more than 30 years.

Children should get 2 doses of MMR vaccine:

the first dose at 12 through 15 months of age and

the second dose at 4 through 6 years of age, before entering school.

Your child's doctor may also offer the MMRV vaccine, which protects against four diseases:

 measles, mumps, rubella, and varicella (chickenpox).

Talk to your child's healthcare professional for help deciding which vaccine to use.

Paying for rubella vaccine

Most health insurance plans cover the cost of vaccines.

 However, you may want to check with your insurance

 provider before going to the doctor. Learn how to pay for

 vaccines.

If you don't have health insurance or if your insurance

 does not cover vaccines for your child, the Vaccines for

 Children (VFC) Program may be able to help. This

 program helps families of eligible children who might not

 otherwise have access to vaccines. To learn more, visit

 the VFC website or ask your child's doctor. You can also

 contact your state VFC coordinator.
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More Information

Fact Sheet on Rubella and the Vaccine to Prevent it [408 KB]

Rubella Vaccination

Vaccine Information Statement in English and MMRV

Vaccine Information Statements in other languages: MMR  and MMRV

Adult Immunization Schedule (anyone over 18 years old)

Recommended Immunizations for Children from Birth through 6 Years Old

[722 KB]

Submit

 baby. If you’re unsure

 whether you’re immune to

 rubella, or think you might

 be pregnant, discuss with

 your doctor.
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2007 | 1,387

2009 | 1,782

2011 | 650

2012 | 223

2013 | 403

2008 | 1,732

2010 | 1,409

2005 | 2,033

2003 | 784

2001 | 548

1999 | 10,000

1997 | 18,000

1995 | 60,000

1993 | 76,000

1991 | 134,000

1989 | 261,000

2006 | 2,022

2004 | 1,258

2002 | 1,922

2000 | 4,000

1998 | 10,000

1996 | 33,000

1994 | 73,000

1992 | 137,000

1990 | 233,000

1988 | 345,000

Year | Polio Cases

13 millionChildren still need 
to be vaccinated 
against polio. 
If we were to stop our current 
vaccination efforts, within a 
decade we would see a resur-
gence of polio that could para-
lyze more than 200,000 children 
worldwide every year.

Since 1988 polio vaccine 
has prevented more than 
13 million cases of 
paralysis

The economic benefits of polio eradication are $40-50 billion 
through the year 2035. 

up to $90 billion in additional savings and the 
prevention of up to 5.4 million child deaths

$40-$50 billion

THE TIME TO
ERADICATE

POLIO 
IS NOW

polio cases worldwide

polio cases worldwide

It will save money. y.neonme mveaswilwIt 
It will prevent disability.yylitbaisdnteevprepwilwIt
It will save lives.sesve lveaswilwIt

is within our reach. 

CS246222

Children still needd eenellstnreildCh dlltildCh

Since 1988
more than 650,000 deaths

from polio have been 
prevented

The net benefit  of other services such 
as vitamin A delivery alongside polio vaccination:

Polio eradication 

/ 125 countries1988 = 350,000

/ 3 endemic countries2013 = 403
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his report provides answers to frequently asked questions concerning the regulation and 
use of fetal tissue in research, including a description of what constitutes fetal tissue 
research, uses of fetal tissue for medical purposes, and how such tissue is acquired, along 

with rules and regulations governing the use and acquisition of fetal tissue. 

What is fetal tissue? 
Fetal tissue is any tissue or organ obtained from a fetus, which is the product of conception (egg 
and sperm) from the end of the eighth week of pregnancy onward. Prior to the ninth week, the 
product of conception is called an embryo. 

What is fetal tissue research?  
Researchers use fetal tissue to produce cell cultures, also called cell lines, which can be 
maintained in a laboratory environment for very long periods of time, in some cases indefinitely. 
Cultured cells mimic many of the properties that they have in a living body, and therefore can be 
used as a model for researchers studying basic biological processes. Research involving fetuses 
and fetal tissue has been conducted in the United States since the 1930s, and the National 
Institutes of Health (NIH) has been supporting research using fetal tissue since the 1950s.1 NIH 
spent $76 million on human fetal tissue research in FY2014, and will spend an estimated $76 
million in FY2015 and $77 million in FY2016.2 

What are the uses of fetal tissue in medicine and 
medical research?  
Fetal tissue has been used “to identify and test the efficacy of vaccines and to examine the 
toxicity of drugs used by pregnant women. Vaccines for polio, measles, rubella and Rh disease 
were developed through the use of fetal tissue or cell lines derived from fetal tissue.”3 Human 
fetal tissue is used to study normal human development in order to gain insight into birth defects 
and other developmental diseases. Fetal tissue has been used in studies of genetic disease in the 
early stages of development, including organ formation.  

                                                 
1 Patricia Donovan, “Funding Restrictions on Fetal Research: The Implications for Science and Health,” Family 
Planning Perspectives, vol. 22, no. 5 (September/October 1990), pp. 224-231; and, Dorothy E. Vawter and Arthur 
Caplan, “Strange Brew: The Politics and Ethics of Fetal Tissue Transplantation Research in the United States,” Journal 
of Laboratory Clinical Medicine, vol. 120, no. 1 (July 1992), pp. 30-34. 
2 At http://report.nih.gov/categorical_spending.aspx, putting “human fetal tissue” in the search box reveals the dollar 
amount spent or estimated by NIH for FY2011- FY2016. Clicking on the dollar amount for FY2011-FY2014 reveals 
the number of projects as well as details on each research project using human fetal tissue. 
3 Donovan, “Funding Restrictions on Fetal Research,” p. 227. 

T
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What is human fetal tissue transplantation research? 
Since the late 1920s, researchers in several countries, including the United States, “have grafted 
fetal liver, nerve, thymus and pancreas tissue into children and adults in efforts to reverse various 
neurological disorders, spinal cord injuries, diabetes, immune deficiencies, cancers and life-
threatening blood diseases.”4 Perhaps the most widely known application in the field of human 
fetal tissue transplantation has been the treatment of Parkinson’s disease. The first such attempt, 
using the transplantation of human fetal brain cells, “took place in 1987 at Lund University in 
Sweden where the technique was pioneered.”5 Although controversial at the time, the approach 
“produced such striking results in some cases that by 1997 about 200 patients around the world 
had received the treatment.”6 However, because many patients did not benefit from the treatment, 
and it was unclear why this was the case, an international moratorium was imposed in 2003 on 
such replacement-therapy trials.7  

In 2006, a retrospective analysis conducted by the original seven teams that had performed the 
transplant experiments “worked out that the procedure tended to be most effective in patients who 
were relatively young and whose disease was at an early stage.”8 In addition, “those who 
benefited the most had at least 100,000 dopamine-producing cells of fetal origin integrated into 
their brains. Cells from at least three fetuses are needed to achieve these numbers.”9 As a result, a 
new trial—called TRANSEURO, funded by the European Union—is being launched using 
dopamine-producing cells from fetal brains.10 The trial was scheduled to begin in July 2014 and 
expects to enroll 150 patients in the United Kingdom, Sweden, France, and Germany.11  

Similar trials involving the implementation of various types of stem cells into individuals with 
Parkinson’s disease are scheduled to begin in 2016 in Kyoto, Japan (using induced pluripotent 
stem cells); 2017 in New York; and 2018/2019 in Europe (both using human embryonic stem 
cells).12 According to one source, many such human embryonic stem cell (ESC) lines “have now 
been generated that are well characterized and quality controlled and this includes two human 
ESC-based sources that have already been approved by the U.S. FDA for early stage clinical trials 
in humans.”13  

                                                 
4 Donovan, “Funding Restrictions on Fetal Research,” p. 227; and, Vawter and Caplan, “Strange Brew,” p. 30. 
5 Allison Abbott, “Fetal-cell revival for Parkinson's,” Nature, vol. 510 (June 12, 2014), pp. 195-196. 
6 Constance Holden, “Fetal cells again?,” Science, vol. 326 (October 16, 2009), pp. 358-359. 
7 Abbott, “Fetal-cell revival for Parkinson's,” p. 195. 
8 Ibid. 
9 Ibid. 
10 Ibid., p. 196. 
11 Ibid. For further information about the trial, see http://www.transeuro.org.uk/. 
12 Abbott, “Fetal-cell revival for Parkinson’s,” p. 196. 
13 Janelle Drouin-Ouellet and Roger A. Barker, “Stem cell therapies for Parkinson’s disease: are trials just around the 
corner?,” Regenerative Medicine, vol. 9, no. 5 (2014), pp. 553-555. 
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How is fetal tissue acquired for research?  
Fetal tissue used in research is obtained from elective abortions. Under certain rare 
circumstances, fetal tissue may also be obtained from a miscarriage, also called a spontaneous 
abortion, or following the removal of an ectopic pregnancy, which occurs when an embryo has 
implanted outside the uterus. Because the timing or recognition of a spontaneous abortion or 
ectopic pregnancy is unpredictable, and both conditions may result in a serious health emergency 
for the woman, the fetal tissue collected under these circumstances is often not suitable for 
research purposes. 

According to a Government Accountability Office (GAO) report published in October 2000, most 
biomedical researchers at that time obtained human fetal tissue from a “central tissue supplier”; 
three identified as receiving NIH funding included the Birth Defects Laboratory at the University 
of Washington, the Brain and Tissue Banks for Developmental Disorders at the University of 
Maryland, and the University of Miami School of Medicine/Children’s Hospital of Orange 
County.14 According to a 1992 journal article, NIH had funded such a center for collecting fetal 
tissue for many years.15 Another source of human fetal tissue mentioned in the GAO report was 
“private, nonprofit central tissue supply organizations that did not directly receive federal 
funds.”16 Those identified by GAO in 2000 were Advanced Bioscience Resources, Inc. (Alameda, 
CA), and the Albert Einstein College of Medicine Human Tissue Repository (New York, NY). 
Alternatively, some researchers obtained fetal tissue directly from an academic medical center 
hospital or a health clinic.17  

A recent media article states that “many researchers buy tissue from two small California 
companies,” StemExpress, in Placerville, and Advanced Bioscience Resources Inc. (ABR), in 
Alameda, “a nonprofit that has 12 employees and recent sales of about $1.4 million.”18 According 
to the article, fetal tissue accounted for about 10% of StemExpress’s business and the tissue “has 
been used in studies of leukemia, Hodgkin’s lymphoma and Parkinson’s disease.”19 

Can fetal tissue be sold for research purposes?  
Under the NIH Revitalization Act of 1993, it is “unlawful for any person to knowingly acquire, 
receive, or otherwise transfer any human fetal tissue for valuable consideration if the transfer 
affects interstate commerce.”20 While this provision prohibits the sale or purchase of fetal tissue 
itself, the term valuable consideration “does not include reasonable payments associated with the 

                                                 
14 U.S. General Accounting Office, Human Fetal Tissue: Acquisition for Federally Funded Biomedical Research, 
GAO-01-65R, October 4, 2000, p. 4. 
15 Vawter and Caplan, “Strange Brew,” p. 30. 
16 U.S. General Accounting Office, Human Fetal Tissue: Acquisition for Federally Funded Biomedical Research, 
GAO-01-65R, October 4, 2000, p. 5. 
17 U.S. General Accounting Office, Human Fetal Tissue: Acquisition for Federally Funded Biomedical Research, 
GAO-01-65R, October 4, 2000, pp. 4-5. 
18 Denise Grady and Nicholas St. Fleur, “Shadowy Trade in Fetal Tissue,” The New York Times, July 28, 2015, pp. D1, 
D3. 
19 Ibid. 
20 PHS Act §498B; 42 U.S.C. §289g-2(a). 
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transportation, implantation, processing, preservation, quality control, or storage of human fetal 
tissue.”21 Thus, tissue companies may charge researchers to recover the costs associated with 
these types of activities. 

Persons violating these provisions shall be subject to fines, imprisonment for not more than 10 
years, or both.22 Violations involving the payment of valuable consideration shall result in fines 
reflecting not less than twice the amount of the valuable consideration received.23 

According to the founder of StemExpress, the fetal cells are difficult to isolate and involve 
“expensive processes that take millions of dollars of equipment. Just to attempt to do some of 
these isolations can cost us thousands of dollars, and it may not even work.”24 As an illustration of 
just how expensive, “a vial containing five million frozen fetal liver CD133+ stem cells can cost 
more than $24,000 ... and an overnight shipment to Germany, for example, can cost thousands of 
dollars.”25 Another supplier of fetal tissue, ABR, charged “$300 a specimen for tissue from a 
second-trimester fetus, and $515 if the fetus was first-trimester,” according to a 2013 price 
sheet.26 

Who investigates the illegal sale of fetal tissue? 
On the federal level, the Department of Justice, and more specifically the Federal Bureau of 
Investigation (FBI), would open investigations into individuals and entities suspected of violating 
federal law with respect to the illegal sale, or trafficking, of human fetal tissue and other organs. 
As noted earlier, federal law prohibits the sale or purchase of human fetal tissue in interstate 
commerce.27 In 2000, the FBI reportedly investigated a Kansas clinic affiliated with Planned 
Parenthood for allegedly selling—and profiting from the sale of—fetal tissue; ultimately, no laws 
were found to have been broken.28  

What federal regulations govern the collection and 
use of fetal tissue for research?  
Federal law permits the Department of Health and Human Services (HHS) to fund research on 
new therapies that involve the transplantation of human fetal tissue using tissue derived from an 
elective or spontaneous abortion, or from a stillbirth.29 However, human fetal tissue may be used 
for such purposes only if the following conditions are met: 

                                                 
21 PHS Act §498B; 42 U.S.C. §289g-2(e)(3). 
22 42 U.S.C. §289g-2(c)(1). 
23 42 U.S.C. §289g-2(c)(2). 
24 Grady and St. Fleur, “Shadowy Trade in Fetal Tissue,” p. D3. 
25 Ibid. See also a StemExpress price list at http://stemexpress.com/product-category/fetal-liver/. 
26 Ibid. 
27 PHS Act §498B; 42 U.S.C. §289g-2(a). 
28 Sandhya Somashekhar and Danielle Paquette, “Undercover video shows Planned Parenthood Official Discussing 
Fetal Organs Used for Research,” The Washington Post, July 14, 2015. 
29 PHS Act §498A(a); 42 U.S.C. §289g–1(a). 
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• The woman must provide her written consent that she is donating the fetal tissue for 
research, that the donation is being made without any restrictions on who may 
receive the tissue, and that she has not been informed of the identity of any such 
recipients.30  

• The attending physician must declare in writing that, in the case of an induced 
abortion (1) the woman’s consent for the abortion was obtained prior to requesting or 
obtaining consent to donate the fetal tissue for research; (2) the timing, method, or 
procedures used to terminate the pregnancy were not altered in order to obtain the 
tissue; and (3) the abortion was performed in accordance with applicable state law. In 
addition, the attending physician must declare that the tissue has been donated with 
the woman’s consent and that the woman has been fully informed of the physician’s 
interest, if any, in the research, and of any medical or privacy risks associated with 
the tissue donation.31 

• The principal researcher must declare in writing that (1) he or she is aware that the 
tissue is human fetal tissue that may have been obtained from an elective or 
spontaneous abortion, or a stillbirth, and that it was donated for the purposes of 
research; and (2) prior to obtaining the informed consent of a research subject to be a 
recipient of the transplanted tissue (see discussion of Common Rule, below), he or 
she will provide the same information about the fetal tissue to the research subject 
and get written acknowledgement of receipt of such information.32 

In addition to the above statutory requirements, fetal tissue research that involves human subjects 
is subject to the Common Rule.33 Under the Common Rule, research protocols must be approved 
by an Institutional Review Board (IRB) to ensure that the rights and welfare of the research 
subjects are protected.34  

The Common Rule lists several criteria for IRB approval, including the requirement that 
researchers obtain the informed consent of their research subjects.35 In addition, it sets out the 
types of information that must be provided to prospective research subjects during the informed 
consent process, including an explanation of the purpose of the research, a description of the 
research procedures, and a description of the risks and benefits of the research.36 An IRB may 
decide to waive the informed consent requirement if it determines that (1) the research poses no 
more than minimal risk to the subjects, (2) the waiver will not adversely affect the rights and 
welfare of the subjects, and (3) the research is not practicable without a waiver.37 

If the human fetal tissue to be used in the research is identifiable, such that information associated 
with the material links it to one or more living individuals (which often may be the case), then 

                                                 
30 PHS Act §498A(b)(1); 42 U.S.C. §289g–1(b)(1). 
31 PHS Act §498A(b)(2); 42 U.S.C. §289g–1(b)(2). 
32 PHS Act §498A(c); 42 U.S.C. §289g–1(c). 
33 The Common Rule is the informal name given to core federal regulations governing the protection of human subjects 
in research supported or conducted by the federal government. The regulations were first promulgated by HHS at 45 
C.F.R. Part 46, Subpart A. 
34 45 C.F.R. §46.109. 
35 45 C.F.R. §46.111(a)(4). 
36 45 C.F.R. §46.116(a). 
37 45 C.F.R. §46.116(d). 
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those individuals also become research subjects under the Common Rule.38 Thus, an IRB may 
have to review the protocol for collecting and testing the human fetal tissue, and the woman who 
is donating the tissue may have to provide informed consent (unless waived by the IRB). 

The researchers must also obtain prior approval from the Food and Drug Administration (FDA) 
by filing an Investigational New Drug (IND) application if the research is testing a new 
diagnostic or therapeutic intervention that the researchers hope will receive FDA marketing 
approval. One of the IND requirements is that the researchers obtain IRB approval.  

Importantly, if the purpose of the human fetal tissue research is simply to acquire new biomedical 
knowledge, and it is not being conducted under an IND or involving human research subjects, 
then the research is not subject to the Common Rule or FDA regulation. 

Finally, the Health Insurance Portability and Accountability Act (HIPAA) Privacy Rule applies if 
the researchers want access to medical information about the woman from whose fetus the fetal 
tissue was obtained. Under the Privacy Rule, an individual’s medical information may not be used 
or disclosed for research without the individual’s written authorization unless an IRB (or 
equivalent Privacy Board) waives the authorization based on certain specified criteria.39  

What federal regulations govern the clinical use of 
fetal tissue?  
Currently, fetal tissue is not being used in any clinical applications involving transplantation. Any 
such therapeutic use of human fetal tissue that received approval from the FDA would be 
regulated under the agency’s Human Cells, Tissues, and Cellular and Tissue-Based Products 
(HCT/Ps) regulations.40 An HCT/P is an article “containing or consisting of human cells and 
tissues that are intended for implantation, transplantation, infusion, or transfer into a human 
recipient.”41 HCT/Ps include bone, ligament, skin, dura mater, heart valves, cornea, hematopoietic 
stem/progenitor cells derived from peripheral and cord blood, and semen or other reproductive 
tissue.42 

FDA regulates HCT/Ps primarily under its general authority to control the spread of 
communicable diseases.43 The HCT/P regulations are focused on (1) preventing the use of 
contaminated cells and tissues with the potential for transmitting infectious diseases, (2) 
preventing the improper handling or processing of cells and tissues that might contaminate or 
damage them, and (3) ensuring the clinical safety and effectiveness of cells and tissues. 

                                                 
38 45 C.F.R. §46.206. 
39 45 C.F.R. §164.512(i). 
40 21 C.F.R. Part 1271. 
41 21 C.F.R. §1271.3. 
42 Ibid. HCT/Ps do not include vascularized human organs for transplantation, which are regulated by the Health 
Resources and Services Administration (HRSA). Nor do they include plasma and blood or derivative products 
regulated by FDA under 21 C.F.R. Parts 606, 607, 630, and 640. 
43 PHS Act §361; 42 U.S.C. §264. 
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The regulations require establishments that recover, handle, store, and distribute HCT/Ps for 
clinical purposes to register with FDA and submit a list of their products.44 The regulations also 
establish eligibility criteria for donors of HCT/Ps, including donor screening and testing.45 
Finally, the regulations include a set of good tissue practices (GTPs) that govern the methods, 
facilities, and controls used to deal with HCT/Ps.46 The GTPs address personnel, procedures, 
environmental control and monitoring, equipment, supplies and reagents, recovery, processing 
and process controls, storage, shipment and distribution, records, tracking, and complaints. 

Is the system for collecting non-fetal organs and 
tissue different from that for fetal tissue?  
The federal government has established policies and a system for procuring organs that are 
separate from policies for the acquisition of fetal tissue. Organs are procured (or acquired) from 
living persons or cadavers. An organ is “[a] human kidney, liver, heart, lung, pancreas, or 
intestine (including the esophagus, stomach, small or large intestine, or any portion of the 
gastrointestinal tract), or vascularized composite allograft.” The National Organ Transplant Act 
(NOTA of 1984; P.L. 98-507) created the Organ Procurement and Transplantation Network 
(OPTN), which is the federally supported system for organ sharing in the United States. The 
Health Resources and Services Administration (HRSA) oversees organ procurement by way of 
the OPTN’s operations.  

Does the Department of Veterans Affairs (VA) allow 
the use of human fetal tissue in research conducted 
by VA researchers? 
No. The Veterans Health Administration (VHA) states that “research in which the focus is either a 
fetus, or human fetal tissue, in-utero or ex-utero (or uses human fetal tissue), cannot be conducted 
by VA [researchers] while on official duty, at VA facilities, or at VA-approved off-site facilities.”47 
Additionally, the use of stem cells are governed by the policy set by NIH for recipients of NIH 
research funding. 

Does the Department of Defense use fetal tissue in 
medical research? 
No. The Department of Defense medical research programs are not using fetal tissue in medical 
research at this time. However, there is not a blanket ban on the use of such tissue. Under 

                                                 
44 21 C.F.R. Part 1271, Subpart B. 
45 21 C.F.R. Part 1271, Subpart C. 
46 21 C.F.R. Part 1271, Subpart D. 
47 Department of Veterans Affairs, Veterans Health Administration, “Requirements for the Protection of Human 
Subjects in Research,” VHA Handbook 1200.05, November 12, 2014. 
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Department of Defense Instruction 3216.02, entitled Protection of Human Subjects and 
Adherence to Ethical Standards in DOD-Supported Research, any “research involving human 
subjects using fetal tissue shall comply with sections 289g–289g-2” of title 42, United States 
Code.48  
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‘We lose money doing 
this’: Tiny company 
caught in abortion 
debate takes on 
Congress

PP
By By Danielle PaquetteDanielle Paquette May 27May 27

LACERVILLE, CALIF. — StemExpress, a tiny biomedical company in this foothill town east of LACERVILLE, CALIF. — StemExpress, a tiny biomedical company in this foothill town east of 

Sacramento, has emerged at the heart of the contentious national debate over abortion and the Sacramento, has emerged at the heart of the contentious national debate over abortion and the 

scientific use of human fetal tissue. FBI agents say its floor-to-ceiling windows are security hazards, a scientific use of human fetal tissue. FBI agents say its floor-to-ceiling windows are security hazards, a 

potential line of sight for snipers. The backdrop of pine trees and hills provides cover, employees say, to potential line of sight for snipers. The backdrop of pine trees and hills provides cover, employees say, to 

strangers who crouch with cameras.strangers who crouch with cameras.

Inside, Melanie Rose, a laboratory technician, knows anyone could be watching. One recent May morning, Inside, Melanie Rose, a laboratory technician, knows anyone could be watching. One recent May morning, 

she opened a foam box with fetal tissue packed in ice — a donation for medical research.she opened a foam box with fetal tissue packed in ice — a donation for medical research.

Rose, who is working toward a master’s degree in stem cell treatment, is one of 24 employees here thrust Rose, who is working toward a master’s degree in stem cell treatment, is one of 24 employees here thrust 

into view after antiabortion activists released into view after antiabortion activists released a series of videosa series of videos last year.last year.

The videos shed light on an uncomfortable aspect of a little-known industry. They targeted Planned The videos shed light on an uncomfortable aspect of a little-known industry. They targeted Planned 

Parenthood, which provides abortions and, for a time, Parenthood, which provides abortions and, for a time, StemExpressStemExpress paid a nominal fee to obtain the fetal  paid a nominal fee to obtain the fetal 

tissue. The tissue, which is in limited supply, is a vital component in stem cell research — a great hope for tissue. The tissue, which is in limited supply, is a vital component in stem cell research — a great hope for 

medical breakthroughs. StemExpress collects the tissue and extracts the stem cells for researchers medical breakthroughs. StemExpress collects the tissue and extracts the stem cells for researchers 
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worldwide. Most of it is from adult sources — drawn from blood and bone marrow — but a small amount is worldwide. Most of it is from adult sources — drawn from blood and bone marrow — but a small amount is 

from fetal tissue.from fetal tissue.

That work, with fetal tissue, has catapulted the small biotech firm out from under the radar. It is now the That work, with fetal tissue, has catapulted the small biotech firm out from under the radar. It is now the 

target of loiterers, protesters and death threats and the subject of a congressional inquiry.target of loiterers, protesters and death threats and the subject of a congressional inquiry.

At the heart of the issue is whether the work is done for profit. The exchange of fetal tissue for research is At the heart of the issue is whether the work is done for profit. The exchange of fetal tissue for research is 

legal, so long as neither party makes money in the deal.legal, so long as neither party makes money in the deal.

House Republicans and antiabortion advocatesHouse Republicans and antiabortion advocates assert that firms such as StemExpress do profit illegally and assert that firms such as StemExpress do profit illegally and 

that that profit fuels a demand for abortions.that that profit fuels a demand for abortions.

StemExpress chief executive Cate Dyer says profit is not a factor.StemExpress chief executive Cate Dyer says profit is not a factor.

“We lose money doing this,” Dyer said about working with fetal tissue. “We don’t have to do this, and we “We lose money doing this,” Dyer said about working with fetal tissue. “We don’t have to do this, and we 

won’t stop doing this.”won’t stop doing this.”

The consequences of this supercharged debate transcend one firm. Scientists and doctors across the country The consequences of this supercharged debate transcend one firm. Scientists and doctors across the country 

say the political turmoil on Capitol Hill has stalled lifesaving work and imperiled progress toward, among say the political turmoil on Capitol Hill has stalled lifesaving work and imperiled progress toward, among 

other treatments, other treatments, a Zika virus vaccinea Zika virus vaccine..

“We want to accelerate lifesaving research,” Dyer said. “That’s what it’s all about. That is my passion.”“We want to accelerate lifesaving research,” Dyer said. “That’s what it’s all about. That is my passion.”

Dyer once worked as an emergency medical technician at Santa Barbara Cottage Hospital’s trauma center. Dyer once worked as an emergency medical technician at Santa Barbara Cottage Hospital’s trauma center. 

Watching people die every day at the Southern California facility, she said, inspired her to search for ways to Watching people die every day at the Southern California facility, she said, inspired her to search for ways to 

prevent death. She started the company in 2010 with $9,000 in savings. In 2015, StemExpress said it prevent death. She started the company in 2010 with $9,000 in savings. In 2015, StemExpress said it 

posted roughly $5 million in revenue.posted roughly $5 million in revenue.

Her company’s innovation, as she describes it, is isolating the stem cells from donor tissue from the clinic, Her company’s innovation, as she describes it, is isolating the stem cells from donor tissue from the clinic, 

which extends their lifespan for research. Otherwise, she said, a researcher in New York who wanted an which extends their lifespan for research. Otherwise, she said, a researcher in New York who wanted an 

adult liver in California would lose a substantial number of its usable cells during the cross-country flight.adult liver in California would lose a substantial number of its usable cells during the cross-country flight.

Before the videos came out, Dyer said, StemExpress had never had so much as a threat. Hundreds have Before the videos came out, Dyer said, StemExpress had never had so much as a threat. Hundreds have 

since hit the StemExpress inbox. She said a recent message was typical of what they’d received: “We know since hit the StemExpress inbox. She said a recent message was typical of what they’d received: “We know 

that you use aborted fetuses in your ‘research.’ Repent now before it is too late.”that you use aborted fetuses in your ‘research.’ Repent now before it is too late.”
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Dyer said the company provides the samples to researchers at a financial loss to expedite the creation of Dyer said the company provides the samples to researchers at a financial loss to expedite the creation of 

medicines and vaccines — and that fetal tissue represents less than 1 percent of the business.medicines and vaccines — and that fetal tissue represents less than 1 percent of the business.

“I want to be able to focus on saving people’s lives,” Dyer said, “and instead I have to deal with death “I want to be able to focus on saving people’s lives,” Dyer said, “and instead I have to deal with death 

threats.”threats.”

“Sometimes,” she said, “people cut the letters out of magazines and send us messages.”“Sometimes,” she said, “people cut the letters out of magazines and send us messages.”

A fateful dinner meetingA fateful dinner meeting

David Daleiden, an activist who leads an outfit he calls the Center for Medical Progress, secretly shot the David Daleiden, an activist who leads an outfit he calls the Center for Medical Progress, secretly shot the 

videos. He started looking into StemExpress after seeing a Craigslist posting for a contract job to collect videos. He started looking into StemExpress after seeing a Craigslist posting for a contract job to collect 

tissue from a women’s health clinics.tissue from a women’s health clinics.

StemExpress is a business, and that’s clear from the StemExpress is a business, and that’s clear from the list of products and bioserviceslist of products and bioservices on its website. He found on its website. He found 

it disturbing.it disturbing.

“The big problem, when we talk about the harvesting and sale of fetal tissue from abortion, is you’re “The big problem, when we talk about the harvesting and sale of fetal tissue from abortion, is you’re 

creating a market,” he said. “You’re introducing this extra new level of demand for abortion.”creating a market,” he said. “You’re introducing this extra new level of demand for abortion.”

The video shows a dinner meeting with Dyer last May at an upscale restaurant in El Dorado Hills, Calif. The video shows a dinner meeting with Dyer last May at an upscale restaurant in El Dorado Hills, Calif. 

Daleiden and his colleague posed as biotech business owners who wanted to partner with StemExpress.Daleiden and his colleague posed as biotech business owners who wanted to partner with StemExpress.

Daleiden asked for details about StemExpress’s interest in fetal tissue, where it comes from, how it’s Daleiden asked for details about StemExpress’s interest in fetal tissue, where it comes from, how it’s 

procured, issues with shipping it and the growing demand for it. Daleiden also asked about StemExpress’s procured, issues with shipping it and the growing demand for it. Daleiden also asked about StemExpress’s 

relationship with Planned Parenthood.relationship with Planned Parenthood.

Dyer’s description of Planned Parenthood as a “high-volume institution” later drew scrutiny from House Dyer’s description of Planned Parenthood as a “high-volume institution” later drew scrutiny from House 

Republicans.Republicans.

The conversation, which Dyer says lasted about two hours, was edited down to less than 10 minutes. Any The conversation, which Dyer says lasted about two hours, was edited down to less than 10 minutes. Any 

talk of money, she said, was taken out of context in the editing. She says that her business grew quickly talk of money, she said, was taken out of context in the editing. She says that her business grew quickly 

because of the research community’s high demand for adult tissue and blood, and that’s what she was because of the research community’s high demand for adult tissue and blood, and that’s what she was 

referring to when profit was discussed.referring to when profit was discussed.
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The company’s records indicate that roughly 1 percent of the tissue StemExpress collects is fetal. The company’s records indicate that roughly 1 percent of the tissue StemExpress collects is fetal. 

StemExpress typically gave Planned Parenthood $55 per sample, paying mostly for use of its rooms, storage StemExpress typically gave Planned Parenthood $55 per sample, paying mostly for use of its rooms, storage 

and staffers.and staffers.

Last year, a StemExpress catalog advertised a vial of two million “fresh” stem cells from a fetal liver for Last year, a StemExpress catalog advertised a vial of two million “fresh” stem cells from a fetal liver for 

$1,932, and $1,840 for the same amount "cryopreserved," or frozen. Company records show they charge $1,932, and $1,840 for the same amount "cryopreserved," or frozen. Company records show they charge 

researchers a flat fee of $595 for each sample of fetal tissue, which costs an average $732 to prepare. In researchers a flat fee of $595 for each sample of fetal tissue, which costs an average $732 to prepare. In 

addition to compensating staffers who collect the tissue, the company pays for mileage, shipping, addition to compensating staffers who collect the tissue, the company pays for mileage, shipping, 

packaging, lab equipment, screening the sample for diseases and general upkeep.packaging, lab equipment, screening the sample for diseases and general upkeep.

In 2015, revenue from the transfer of fetal tissue to researchers totaled roughly $26,000. The cost of In 2015, revenue from the transfer of fetal tissue to researchers totaled roughly $26,000. The cost of 

preparing the tissue, the company said, was about $33,000 — resulting in a $7,000 financial loss.preparing the tissue, the company said, was about $33,000 — resulting in a $7,000 financial loss.

Congressional demandsCongressional demands

The House Energy Committee’s Select Investigative Panel on Infant Lives has demanded that StemExpress The House Energy Committee’s Select Investigative Panel on Infant Lives has demanded that StemExpress 

and other biomedical players hand over thousands of pages of financial records and the names of their and other biomedical players hand over thousands of pages of financial records and the names of their 

employees, employees, issuing 36 subpoenas since Marchissuing 36 subpoenas since March..

Its mission, according to its website, is to compile information about abortion providers and the biotech Its mission, according to its website, is to compile information about abortion providers and the biotech 

companies who “sell baby body parts.” The members plan to send their findings to Congress at the end of companies who “sell baby body parts.” The members plan to send their findings to Congress at the end of 

the year. On Tuesday, the year. On Tuesday, 180 of 188 House Democrats urged Speaker Paul D. Ryan180 of 188 House Democrats urged Speaker Paul D. Ryan (R-Wis.) to dissolve the (R-Wis.) to dissolve the 

panel, accusing it of harassment and McCarthyism.panel, accusing it of harassment and McCarthyism.

Medical authorities have warned lawmakers that stigmatizing fetal tissue research could jeopardize public Medical authorities have warned lawmakers that stigmatizing fetal tissue research could jeopardize public 

health. In March, the Association of American Medical Colleges — a group that includes the American health. In March, the Association of American Medical Colleges — a group that includes the American 

Congress of Obstetricians and Gynecologists, Harvard University, and the Stanford University School of Congress of Obstetricians and Gynecologists, Harvard University, and the Stanford University School of 

Medicine — sent a letter to congressional investigators.Medicine — sent a letter to congressional investigators.
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“From therapies for end-stage breast cancer, diabetes and Parkinson’s disease to a promising vaccine for “From therapies for end-stage breast cancer, diabetes and Parkinson’s disease to a promising vaccine for 

Ebola,” they said, “vital medical research depends on continued use of fetal tissue under current laws and Ebola,” they said, “vital medical research depends on continued use of fetal tissue under current laws and 

regulations.”regulations.”

Allowing people to donate the tissue for research, the authors stressed, is not linked to an increase in Allowing people to donate the tissue for research, the authors stressed, is not linked to an increase in 

abortions, which have declined in the United States as birth control grows more accessible.abortions, which have declined in the United States as birth control grows more accessible.

Researchers say the toll is material. During the investigation, one lab, Novogenix Laboratories in Los Researchers say the toll is material. During the investigation, one lab, Novogenix Laboratories in Los 

Angeles, has gone out of business. Dyer said the subpoenas and travel to Washington have halted her Angeles, has gone out of business. Dyer said the subpoenas and travel to Washington have halted her 

business’s expansion.business’s expansion.

After the videos came out, she said, the supply of fetal tissue quickly dwindled. The company recorded 76 After the videos came out, she said, the supply of fetal tissue quickly dwindled. The company recorded 76 

samples in 2013, 72 in 2014 and 39 in 2015. Now, on average, it gets four samples a month.samples in 2013, 72 in 2014 and 39 in 2015. Now, on average, it gets four samples a month.

StemExpress says it has provided more than 2,000 pages of documents to Congress, including five years of StemExpress says it has provided more than 2,000 pages of documents to Congress, including five years of 

banking records.banking records.

Rep. Marsha Blackburn (R-Tenn.), the chair of the House panel who describes herself as “pro-life,” said she Rep. Marsha Blackburn (R-Tenn.), the chair of the House panel who describes herself as “pro-life,” said she 

wants to see further proof — a precise breakdown of each expense that goes into procuring and purifying wants to see further proof — a precise breakdown of each expense that goes into procuring and purifying 

fetal tissue — that StemExpress does not turn a profit. Company estimates about the cost of procuring fetal tissue — that StemExpress does not turn a profit. Company estimates about the cost of procuring 

tissue, she said, are not enough. The panel has issued a subpoena to StemExpress’s bank.tissue, she said, are not enough. The panel has issued a subpoena to StemExpress’s bank.

Rep. Jan Schakowsky (Ill.), the panel’s ranking Democrat, said StemExpress has been cooperative.Rep. Jan Schakowsky (Ill.), the panel’s ranking Democrat, said StemExpress has been cooperative.

“This is really dangerous stuff,” she said, “and it seems to me that the real goal of this so-called investigation “This is really dangerous stuff,” she said, “and it seems to me that the real goal of this so-called investigation 

— I prefer the term witch hunt — is they’re hellbent on putting them out of business.”— I prefer the term witch hunt — is they’re hellbent on putting them out of business.”

Dyer said she has strived to respond to the panel’s requests for evidence but has resisted demands to hand Dyer said she has strived to respond to the panel’s requests for evidence but has resisted demands to hand 

over employees’ names, fearing it would threaten their security. Blackburn has said that getting employees’ over employees’ names, fearing it would threaten their security. Blackburn has said that getting employees’ 

names is necessary for investigators to set up interviews and that the names will not be made public.names is necessary for investigators to set up interviews and that the names will not be made public.
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Dyer’s security fears are not unfounded. In November, about four months after Daleiden released the first Dyer’s security fears are not unfounded. In November, about four months after Daleiden released the first 

undercover video of Planned Parenthood officials, Robert L. Dear Jr. killed three people and wounded nine undercover video of Planned Parenthood officials, Robert L. Dear Jr. killed three people and wounded nine 

at a Planned Parenthood clinic in Colorado. He later told authorities, “No more baby parts.”at a Planned Parenthood clinic in Colorado. He later told authorities, “No more baby parts.”

The next month, Scott Orton, a 57-year-old Washington state resident, was arrested after he blogged about The next month, Scott Orton, a 57-year-old Washington state resident, was arrested after he blogged about 

killing StemExpress employees and, specifically, Dyer.killing StemExpress employees and, specifically, Dyer.

“She will have to face the souls of the babies she’s bought and sold when she arrives on the other side,” he “She will have to face the souls of the babies she’s bought and sold when she arrives on the other side,” he 

wrote, according to an FBI affidavit. “I’m sending her there early.”wrote, according to an FBI affidavit. “I’m sending her there early.”

Chilling effects on researchChilling effects on research

Those kinds of threats and the growing political pressure have chilled stem cell research at laboratories Those kinds of threats and the growing political pressure have chilled stem cell research at laboratories 

across the country.across the country.

Steven Goldman, a neurologist at the University of Rochester Medical Center in New York, said the outrage Steven Goldman, a neurologist at the University of Rochester Medical Center in New York, said the outrage 

— and anxiety over becoming a target of it — has delayed his research on multiple sclerosis.— and anxiety over becoming a target of it — has delayed his research on multiple sclerosis.

In 2012, Goldman’s team received a $12.1 million grant from the Empire State Stem Cell Board to develop a In 2012, Goldman’s team received a $12.1 million grant from the Empire State Stem Cell Board to develop a 

cure. The team extracted stem cells from fetal tissue — collected from abortions performed at local hospitals cure. The team extracted stem cells from fetal tissue — collected from abortions performed at local hospitals 

— to see whether they could regenerate myelin, the insulating sheath around nerve fibers, in mouse brains.— to see whether they could regenerate myelin, the insulating sheath around nerve fibers, in mouse brains.

It worked, Goldman said. He and his colleagues planned to start clinical trials on late-stage multiple It worked, Goldman said. He and his colleagues planned to start clinical trials on late-stage multiple 

sclerosis patients this year. Since Daleiden’s first video, however, the researchers’ supply of fetal tissue dried sclerosis patients this year. Since Daleiden’s first video, however, the researchers’ supply of fetal tissue dried 

up.up.
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“Hospitals seemed less willing” to donate, Goldman said. “We’d never had significant rejections by patients, “Hospitals seemed less willing” to donate, Goldman said. “We’d never had significant rejections by patients, 

and all of the sudden they were turning down consent forms.”and all of the sudden they were turning down consent forms.”

Goldman has pushed his multiple sclerosis research schedule back to 2019.Goldman has pushed his multiple sclerosis research schedule back to 2019.

“This kind of delay,” he said, “results in the additional deaths of people who could have been rescued.”“This kind of delay,” he said, “results in the additional deaths of people who could have been rescued.”

Although the National Institutes of Health has expanded funding for fetal tissue research in recent years — Although the National Institutes of Health has expanded funding for fetal tissue research in recent years — 

federal grant money for the work jumped from $67 million in 2013 to $84 million in 2016 — scientists who federal grant money for the work jumped from $67 million in 2013 to $84 million in 2016 — scientists who 

receive the money say the projects have become harder to complete.receive the money say the projects have become harder to complete.

Progress has stalled at Stanford University, for example, which received more than $1.3 million in the Progress has stalled at Stanford University, for example, which received more than $1.3 million in the 

funding in 2015.funding in 2015.

For four years, Steven Sloan, a PhD student in neuroscience, has studied fetal tissue to better understand For four years, Steven Sloan, a PhD student in neuroscience, has studied fetal tissue to better understand 

brain development and the types of cells that might contribute to disorders such as autism.brain development and the types of cells that might contribute to disorders such as autism.

In 2014 and 2015, the school, a client of StemExpress and local hospitals, received tissue within a week of In 2014 and 2015, the school, a client of StemExpress and local hospitals, received tissue within a week of 

requesting a sample. But as the congressional investigation heated up, Sloan said, the scientists started requesting a sample. But as the congressional investigation heated up, Sloan said, the scientists started 

waiting longer than a month. “All of a sudden,” he said, “getting tissue was like pulling teeth.”waiting longer than a month. “All of a sudden,” he said, “getting tissue was like pulling teeth.”

Sloan, who graduates this month and plans to pursue a medical degree, said he probably will stick with Sloan, who graduates this month and plans to pursue a medical degree, said he probably will stick with 

adult tissue in future research.adult tissue in future research.

“The backlash,” he said, “makes you think twice about proceeding with this kind of work.”“The backlash,” he said, “makes you think twice about proceeding with this kind of work.”

Other institutions have received more direct political pressure. Following demands from Rep. Doug Other institutions have received more direct political pressure. Following demands from Rep. Doug 

Lamborn (R-Colo.), Colorado State University, a former client of StemExpress, stopped ordering fetal tissue Lamborn (R-Colo.), Colorado State University, a former client of StemExpress, stopped ordering fetal tissue 

for a project to cure HIV/AIDS. The university decided to “seek alternatives to aborted fetal tissue sources,” for a project to cure HIV/AIDS. The university decided to “seek alternatives to aborted fetal tissue sources,” 

spokesman Mike Hooker said.spokesman Mike Hooker said.

As summer — and mosquito season — approaches, Rita Driggers says, her research is particularly urgent. As summer — and mosquito season — approaches, Rita Driggers says, her research is particularly urgent. 

The medical director of the Maternal-Fetal Medicine Program at Washington’s Sibley Memorial Hospital The medical director of the Maternal-Fetal Medicine Program at Washington’s Sibley Memorial Hospital 

said doctors need such tissue to defeat the Zika virus. Her study, said doctors need such tissue to defeat the Zika virus. Her study, published in the New England Journal of published in the New England Journal of 

MedicineMedicine, suggests that Zika lingers in pregnant women long after symptoms fade., suggests that Zika lingers in pregnant women long after symptoms fade.
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A patient of Driggers’s had returned from Mexico, Guatemala and Belize with Zika and learned her baby’s A patient of Driggers’s had returned from Mexico, Guatemala and Belize with Zika and learned her baby’s 

brain wasn’t developing. When she terminated the pregnancy, she asked whether the tissue could be brain wasn’t developing. When she terminated the pregnancy, she asked whether the tissue could be 

studied. “She wanted her misfortune to benefit other people,” Driggers said.studied. “She wanted her misfortune to benefit other people,” Driggers said.

Even if all goes well, Driggers said, a Zika vaccine is at least two years away.Even if all goes well, Driggers said, a Zika vaccine is at least two years away.

“If researchers are threatened, it’s going to make us think twice about continuing research,” she said, adding “If researchers are threatened, it’s going to make us think twice about continuing research,” she said, adding 

that her former boss has received death threats for her stem cell work. “Ultimately, the patients that could that her former boss has received death threats for her stem cell work. “Ultimately, the patients that could 

benefit from the research won’t.”benefit from the research won’t.”

At the StemExpress lab, Dyer has hired armed guards, installed security cameras and put her staff through At the StemExpress lab, Dyer has hired armed guards, installed security cameras and put her staff through 

active-shooter training.active-shooter training.

Rose, the 27-year-old lab technician, wears a silver Saint Christopher pendant for protection.Rose, the 27-year-old lab technician, wears a silver Saint Christopher pendant for protection.

She cried when protesters first surrounded StemExpress, waving Bibles and photos of fetuses. Now she tries She cried when protesters first surrounded StemExpress, waving Bibles and photos of fetuses. Now she tries 

to make eye contact through the windows. To smile.to make eye contact through the windows. To smile.

When Rose sets to work, she breaks the tissue apart, then soaks it in enzymes and counts the number of When Rose sets to work, she breaks the tissue apart, then soaks it in enzymes and counts the number of 

stem cells on a grid under a microscope. She pours the cells into two-milliliter vials, which are stored in stem cells on a grid under a microscope. She pours the cells into two-milliliter vials, which are stored in 

liquid nitrogen tanks until they are shipped to a researcher at a university or major health institution.liquid nitrogen tanks until they are shipped to a researcher at a university or major health institution.

“This tissue,” she said, “would be thrown away if we didn’t send it to researchers who are truly trying to save “This tissue,” she said, “would be thrown away if we didn’t send it to researchers who are truly trying to save 

lives. I want them to see what I’m doing. That something good can come of it.”lives. I want them to see what I’m doing. That something good can come of it.”

This story has been updated.This story has been updated.

Related: Related: 

Why drug companies need human tissueWhy drug companies need human tissue

The charges against the Planned Parenthood filmmaker, explainedThe charges against the Planned Parenthood filmmaker, explained

When a photo of your stillborn baby appears in a viral antiabortion videoWhen a photo of your stillborn baby appears in a viral antiabortion video

The Daily 202 newsletterThe Daily 202 newsletter

A must-read morning briefing for decision-makers.A must-read morning briefing for decision-makers.
Sign up
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Danielle Paquette is a reporter covering the intersection of people and policy. She’s from 
Indianapolis and previously worked for the Tampa Bay Times.  Follow @dpaqreport
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Short Answers to Hard Questions About Zika Virus - The New York Times

http://www.nytimes.com/interactive/2016/health/what-is-zika-virus.html?_r=1[6/6/2016 3:41:40 PM]

The World Health Organization has declared the Zika virus an international public health emergency,
 prompted by growing concern that it could cause birth defects. As many as four million people could
 be infected by the end of the year.

Officials at the Centers for Disease Control and Prevention have urged pregnant women against travel
 to more than thirty countries, mostly in the Caribbean and Latin America, where the outbreak is
 growing. Some pregnant women who have been to these regions should be tested for the infection, the
 agency has said.

The infection appears to be linked to the development of unusually small heads and brain damage in
 newborns – called microcephaly – as well as other neurological defects. In adults, the virus is linked to

HEALTH
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 a form of temporary paralysis.

Here are some answers and advice about the outbreak.

 1. What is the Zika virus?

 2. How does a mosquito transmit Zika?

 3. What areas is Zika likely to reach?

 4. Can the Zika virus be sexually transmitted?

 5. How might Zika cause brain damage in infants?

 6. What is microcephaly?

 7. What countries should pregnant women avoid?

 8. How do I know if I’ve been infected? Is there a test?

 9. I’m pregnant and live in or recently visited a country with Zika virus. What do I do?

 10. I’m of childbearing age, but not pregnant and not planning to get pregnant. Should I go to an affected country?

 11. I’m pregnant now, but wasn’t when I visited one of the affected countries. What’s the risk?

 12. If I live in an area where the virus is circulating, should I delay becoming pregnant?

 13. Does it matter when in her pregnancy a woman is infected with Zika virus?

 14. Should infants be tested?

 15. I’m a man and have returned from a place where the Zika virus is spreading. How long until I can be sure that I

 won’t infect a sexual partner?

 16. Is there a treatment?

 17. Is there a vaccine? How should people protect themselves?

 18. If the Zika virus has been in Africa and Asia for decades, why wasn’t a link to microcephaly detected earlier?

 19. Has a Zika outbreak outside Brazil ever been linked to microcephaly?

United
States ZIKA VIRUS

Egypt
Mexico

India

Kenya
IndonesiaBrazil Areas with
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1. What is the Zika virus?
A tropical infection new to the Western Hemisphere.

The Zika virus is a mosquito-transmitted infection related to dengue, yellow fever and West Nile virus.
 Although it was discovered in the Zika forest in Uganda in 1947 and is common in Africa and Asia, it
 did not begin spreading widely in the Western Hemisphere until May, when an outbreak occurred in
 Brazil.

Until now, almost no one on this side of the world had been infected. Few people here have immune
 defenses against the virus, so it is spreading rapidly. Millions of people in tropical regions of the
 Americas may now have been infected.

Yet for most, the infection causes no symptoms and leads to no lasting harm. Scientific concern is
 focused on women who become infected while pregnant and those who develop a temporary form of
 paralysis after exposure to the virus. 

By The New York Times | Sources: Centers for Disease Control and Prevention; Pan American Health Organization
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2. How does a mosquito transmit Zika?
The virus moves from its gut to its salivary glands.

Only female mosquitoes bite people: they need blood to lay eggs. They pick up the virus in the blood. It
 travels from their gut through their circulatory system to their salivary glands and is injected into its
 next human victim. Mosquito saliva contains proteins that keeps blood from clotting. When a
 mosquito bites, it first injects saliva so its prey’s blood does not clog its strawlike proboscis.

By Sarah Almukhtar and Mika Gröndahl | Sources: Dr. W. Augustine Dunn; Oxitec; The Anatomical Life of the Mosquito, R. E.
 Snodgrass
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3. What areas is Zika likely to reach?
Wherever certain mosquitoes go.

Zika is spread by mosquitoes of the Aedes genus, which can breed in a pool of water as small as a bottle
 cap and usually bite during the day. The aggressive yellow fever mosquito, Aedes aegypti, has spread
 most Zika cases, but that mosquito is common in the United States only in Florida, along the Gulf
 Coast, and in Hawaii – although it has been found as far north as Washington, D.C., in hot weather.

The Asian tiger mosquito, Aedes albopictus, is also known to transmit the virus, but it is not clear how
 efficiently. That mosquito ranges as far north as New York and Chicago in summer.

By The New York Times | Source: Moritz U. G. Kraemer et al., eLife Sciences; Simon Hay, University of Oxford
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4. Can the Zika virus be sexually transmitted?
Yes.

Experts believe that the vast majority of Zika infections are transmitted by mosquitoes, not sex.

As of early March, however, more than a more than a dozen instances of transmission through sex
 have been reported in four countries.

In each case in which details were released, the virus was transmitted by a man who had visited a
 region where the infection circulates to a woman who had not.

Live virus has been found in semen more than two months after symptoms of infection disappeared.
 Scientists believe the prostate or testes can serve as a reservoir, sheltering the Zika virus from the
 immune system. In some cases, the men with infections had blood in their semen.

Health authorities now recommend that women who are pregnant or trying to become pregnant avoid
 contact with semen from men who have visited areas where the Zika virus is transmitted. Women who
 are pregnant should have sex only with partners using a condom, or abstain, until they give birth –
 whether they are engaging in vaginal, anal or oral sex.

There are still many unknowns.

Can a woman pass the virus to a man through sex? Can it be passed through anal, oral or other forms
 of sexual contact?
Does a man have to have blood in his semen to be infectious? Is he infectious before the blood
 appears?
If there is no blood, must he have had symptoms of Zika infection, like fever and rash, to be
 contagious? How long does a man remain infectious?

5. How might Zika cause brain damage in infants?
Experts aren’t yet certain.

The possibility that the Zika virus causes microcephaly – unusually small heads and often damaged
 brains – emerged in October when doctors in northern Brazil noticed a surge in babies with the
 condition.

Several reports now have shown that the virus can cross the placenta and attack fetal nerve cells,
 including some that develop into the brain.

Studies to prove whether the virus was to blame for microcephaly are expected to take until June, but
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evidence continues to mount. The virus is now considered “guilty until proven innocent,” one World
 Health Organization official said.

Normally, microcephaly occurs in about 1 in 5,000 to 1 in 10,000 of all births. Scientists analyzing
 outbreaks of the Zika virus in French Polynesia and northeast Brazil have estimated that the incidence
 rose to nearly 1 in 100 births nine months after those outbreaks peaked.

ADVERTISEMENT

6. What is microcephaly?
An usually small head, often accompanied by brain damage.

By The New York Times | Source: Brazil’s Ministry of Health
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Babies with microcephaly have unusually small heads. In roughly 15 percent of cases, a small head is
 just a small head, and there is no effect on the infant, according to Dr. Constantine Stratakis, a
 pediatric geneticist and a scientific director at the National Institute of Child Health and Human
 Development.

But in the remainder of cases, the infant’s brain may not have developed properly during pregnancy or
 may have stopped growing in the first years of life. These children may develop a range of problems,
 like developmental delays, intellectual deficits or hearing loss.

 The consequences can vary widely. Pinpointing an underlying cause helps clinicians to advise parents
 about their newborn’s prognosis.

Genetic abnormalities are a common cause. Microcephaly can also be caused by infections of the fetus,
 including German measles (also known as rubella), toxoplasmosis (a disease caused by a parasite
 found in undercooked contaminated meat and cat feces) and cytomegalovirus.

Microcephaly may also result if a pregnant woman consumes alcohol, is severely malnourished or has
 diabetes. If the defect occurs in a child’s first years, it may be a result of a brain injury during labor.

There is no treatment for an unusually small head.

“There is no way to fix the problem, just therapies to deal with the downstream consequences,” said Dr.
 Hannah M. Tully, a neurologist at Seattle Children’s Hospital who specializes in brain malformations.
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7. What places should pregnant women avoid?
More than 30 countries and territories, mostly in the Americas and South Pacific.

World health authorities expect the outbreak to eventually reach every place in the Americas where the
 Aedes aegypti mosquito has previously spread the dengue virus. That includes everywhere from South
 Florida and the Gulf Coast to northern Argentina and Chile. Hawaii will be affected as well; some
 Pacific Islands are now having outbreaks.

Even within those countries, according to the C.D.C., pregnant women can safely visit areas at altitudes
 above 6,500 feet because mosquitoes are not normally found there. The latest C.D.C. updates are here.

By The New York Times | Sources: Centers for Disease Control and Prevention; Pan American Health Organization
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 test?
It’s often a silent infection and hard to diagnose.

Until recently, Zika was not considered a major threat because its symptoms are relatively mild. Only
 one of five people infected with the virus develop symptoms, which can include fever, rash, joint pain
 and red eyes. Those infected usually do not have to be hospitalized.

There is no widely available test for Zika. Because it is closely related to dengue and yellow fever, it
 may cross-react with antibody tests for those viruses. To detect the virus, a blood or tissue sample
 from the first week in the infection must be sent to an advanced laboratory so the virus can be
 detected through sophisticated molecular testing.

ADVERTISEMENT

9. I’m pregnant and live in or recently visited a
 country with Zika virus. What do I do?
Pregnant women should get blood tests and ultrasound scans.

The C.D.C. has updated its guidelines several times.

As of early March, all pregnant women who have visited areas with active Zika transmission should
 have a blood test for the virus, whether or not they have symptoms.

All pregnant women who live in those areas, such as Puerto Rico or American Samoa, should be tested
 at least twice during their pregnancies, whether or not they have symptoms.

Testing for the virus is highly accurate in the first week after symptoms appear. After that, diagnostic
 tests must rely on antibodies, and false positives are possible if a woman has been infected with
 related viruses, like dengue and yellow fever, or has been vaccinated against them.

More complex testing can lower the false-positive rate, but not eliminate it.
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In addition, all pregnant women who may have been exposed should have at least one ultrasound
 looking for evidence of fetal microcephaly or calcifications, indicating that the fetal skull is hardening
 too early.

If tests show that a woman is infected, she should have ultrasounds at regular intervals.

Unfortunately, ultrasounds usually cannot detect microcephaly before the end of the second trimester.

The current guidelines are here.

They may be updated again.

10. I’m of childbearing age, but not pregnant and
 not planning to get pregnant. Should I go to an
 affected country?
Only if you use birth control consistently.

Half of pregnancies are unintended. If you want to visit a country where Zika transmission has been
 reported, Dr. Laura E. Riley, a specialist who works with high-risk pregnancies and infectious disease
 at Massachusetts General Hospital, advises strict use of birth control to ensure you don’t become
 pregnant.

Women who become unexpectedly pregnant while traveling or shortly afterward will have to deal with
 blood tests, regular ultrasounds and a great deal of anxiety.

“Why would you ever sign yourself up for that?” Dr. Riley said. “There’s enough in life to worry about. I
 wouldn’t add that to my list.”

11. I’m pregnant now, but wasn’t when I visited one
 of the affected countries. What’s the risk?
Very low.
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With rare exceptions, the virus does not appear to linger in women, and those who recover from the
 infection are immune.

“Our understanding thus far is that the risk is very, very low if you were in that place prior to
 conception,” Dr. Laura E. Riley of Massachusetts General Hospital said.

“I wouldn’t be worried about if you conceived after you got back to the U.S.”

12. If I live in an area where the virus is circulating,
 should I delay becoming pregnant?
That may be wise, some officials say.

Health officials in five countries — Brazil, Colombia, Ecuador, El Salvador and Haiti — and Puerto Rico
have suggested that women delay pregnancy temporarily. Obstetricians in some countries are

 privately giving patients the same advice, saying the risk of fetal damage during an epidemic’s peak is
 too great.

Once infected residents have recovered and have become immune, these officials argue, the epidemic
 will fade and women can safely become pregnant again. Also, many companies are working on Zika
 vaccines, and delaying pregnancy will buy time for them to arrive.

 The Centers for Disease Control and Prevention recently recommended that women who have had
 symptoms of the virus or tested positive for it should wait at least eight weeks after their symptoms
 first appeared before trying to get pregnant.

Officials recommended that men who had symptoms should wait six months before having
 unprotected sex. The virus has been known to live longer in semen. Symptoms can include rashes and
 sore joints.

ADVERTISEMENT
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13. Does it matter when in her pregnancy a woman
 is infected with the Zika virus?
Anytime during pregnancy may be dangerous.

Originally, doctors in Brazil believed that infections in the first trimester were the most dangerous,
 because mothers who gave birth to babies with microcephaly were usually infected then.

 Gleyse Kelly da Silva holding her daughter, Maria Giovanna, who was born with microcephaly in Recife, Brazil. The birth defect has been

 linked to the Zika virus. 
 Felipe Dana/Associated
 Press
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A later study found that some mothers infected late in pregnancy also had disastrous outcomes,
 including the sudden deaths of infants in the womb.

Some experts who have studied the long-term consequences of rubella – another virus that attacks
 fetuses – say they believe that children who survive a Zika infection without microcephaly nonetheless
 may suffer serious consequences, including blindness and deafness at birth, learning and behavior
 difficulties in childhood, and perhaps even mental disabilities later in life.

14. Should infants be tested?
Other birth defects may be linked to the virus.

Federal health officials say that newborns should be tested for infection with the Zika virus if their
 mothers have visited or lived in any country experiencing an outbreak and if the mothers’ own tests
 are positive or inconclusive.

The reason, officials said in interviews, is that infection with the virus could be linked to defects in
 vision and hearing, among other abnormalities, even if the child does not suffer microcephaly. The
 other defects may require further assessments and testing.

15. I’m a man and have returned from a place
 where the Zika virus is spreading. How long until I
 can be sure that I won’t infect a sexual partner?
Err on the side of caution.

 Whether or not you have had symptoms, you should do everything you can to avoid infecting a woman
 who may be pregnant or is trying to become pregnant, because the consequences for the baby may be
 disastrous.

To do that, you must avoid vaginal, anal and oral sex for the length of the pregnancy — or use condoms
 every time.

It is not known how long the Zika virus can survive in semen, but live virus has been found in men
 more than two months after infection. The testes are somewhat shielded from the immune system, so
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 it may take longer for the body to eliminate an infection there.

The Centers for Disease Control and Prevention recently recommended that men and women who have
 traveled to Zika-infected areas, but had no active signs of the disease, wait eight weeks before trying to
 get pregnant “in order to minimize risk.”

Men who have had symptoms of Zika infection, on the other hand, should wait six months before
 having unprotected sex, officials said. Symptoms can include rashes and sore joints.

It is not known whether men must develop symptoms to be infectious, or whether men must have
 blood in their semen to be infectious.

It is not known whether a gay man can infect a male partner through sex, but it is theoretically
 possible, doctors say.

ADVERTISEMENT

16. Is there a treatment?
No.

The C.D.C. does not recommend a particular antiviral medication for people infected with the Zika
 virus. The symptoms are mild – when they appear at all – and usually require only rest, nourishment
 and other supportive care. 
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17. Is there a vaccine? How should people protect
 themselves?
Protection is difficult in mosquito-infested regions.

There is no vaccine against the Zika virus. Efforts to make one have just begun, and creating and
 testing a vaccine normally takes years and costs hundreds of millions of dollars.

Because it is impossible to completely prevent mosquito bites, the C.D.C. has advised pregnant women
 to avoid going to regions where the virus is being transmitted, and has advised women thinking of
 becoming pregnant to consult doctors before going.

Travelers to these countries are advised to avoid or minimize mosquito bites by staying in screened or
 air-conditioned rooms or sleeping under mosquito nets; wearing insect repellent at all times; and
 wearing long pants, long sleeves, shoes and hats.

 Health workers sprayed insecticide in the Sambadrome in Rio de Janeiro as part of a campaign to combat mosquitoes, which transmit
 the Zika virus.

ADVERTISEMENT

How Zika Spread
Around the World

PLAY VIDEO 00:45�
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18. If the Zika virus has been in Africa and Asia for
 decades, why wasn’t a link to microcephaly
 detected earlier?
It may be that the virus had never struck such a large population without immunity.

Microcephaly is rare, and it has many other causes, including infection of the fetus with rubella
 (German measles), cytomegalovirus or toxoplasmosis; poisoning of the fetus by alcohol, mercury or
 radiation; or severe maternal malnutrition and diabetes. It is also caused by several gene mutations,
 including Down syndrome.

Until recently, health officials paid little attention to the Zika virus. It circulated in the same regions as
 dengue and chikungunya, and compared with those two painful infections – nicknamed “break-bone
 fever” and “bending-up fever” – Zika was usually mild.

The virus is thought to have reached Asia from Africa at least 50 years ago. While it may have caused
 spikes in microcephaly as it first spread, there was no testing to pin down which of many possible
 causes was to blame.

In 2007, a Southeast Asian strain of the Zika virus began leapfrogging the South Pacific, sparking rapid
 outbreaks on islands where no one had immunity to it. Because island populations are small, rare side
 effects did not occur often enough to be noticed. But in 2013, during an outbreak in French Polynesia,
 which has 270,000 residents, doctors confirmed 42 cases of Guillain-Barrê syndrome, which can
 cause paralysis. That was about eight times the normal number and the first hint that the Zika virus
 can attack the nervous system, which includes the brain.

Zika was first confirmed in Brazil – a country of 200 million – last May, and it spread rapidly. The first
 alarms about microcephaly were raised in October, when doctors in the northeastern state of
 Pernambuco reported a surge in babies born with it. Pernambuco has nine million people and 129,000
 annual births. In a typical year, nine are microcephalic infants.

By November 2015, when Brazil declared a health emergency, Pernambuco had had 646 such births.

By Jasmine Lee | Source: World Health Organization

19. Has a Zika outbreak outside Brazil ever been
 linked to microcephaly?
Officials in French Polynesia have suspicions about an outbreak two years ago.
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French Polynesia is the only area outside Brazil to be affected by a Zika outbreak in which public health
 officials have identified an increase in the number of fetuses and babies with unusually small heads.
 There is “very high suspicion” of a link between the Zika virus and microcephaly in French Polynesia,
 said Dr. Didier Musso, an infectious disease specialist at the archipelago’s Institut Louis Malardé –
 though he said additional research was needed.

In November, French Polynesian officials took another look at an outbreak of the Zika virus that lasted
 from October 2013 to April 2014. They reported finding an unusual increase – from around one case
 annually to 17 cases in 2014-15 – of unborn babies developing “central nervous system
 malformations,” a classification that includes microcephaly.

There were no investigations at the time to determine whether the mothers were infected with the Zika
 virus during pregnancy. Four of the mothers were tested later, and the results indicated they may have
 been infected. Additional research is underway, Dr. Musso said.
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Polio and Nobel Prizes:
Looking Back 50 Years
Erling Norrby, MD, PhD,1 and Stanley B. Prusiner, MD2

In 1954, John Enders, Thomas Weller, and Frederick Robbins were awarded the Nobel Prize in Physiology or Medicine “for
their discovery of the ability of poliomyelitis viruses to grow in cultures of various types of tissue.”53,70 This discovery provided
for the first time opportunities to produce both inactivated and live polio vaccines. By searching previously sealed Nobel
Committee archives, we were able to review the deliberations that led to the award. It appears that Sven Gard, who was Professor
of Virus Research at the Karolinska Institute and an adjunct member of the Nobel Committee at the time, played a major role
in the events leading to the awarding of the Prize. It appears that Gard persuaded the College of Teachers at the Institute to
decide not to follow the recommendation by their Nobel Committee to give the Prize to Vincent du Vigneaud. Another peculiar
feature of the 1954 Prize is that Weller and Robbins were included based on only two nominations submitted for the first time
that year. In his speech at the Nobel Prize ceremony, Gard mentioned the importance of the discovery for the future production
of vaccines, but emphasized the implications of this work for growing many different, medically important viruses. We can only
speculate on why later nominations highlighting the contributions of scientists such as Jonas Salk, Hilary Koprowski, and Albert
Sabin in the development of poliovirus vaccines have not been recognized by a Nobel Prize.

Ann Neurol 2007;61:385–395

Polioviruses are small enteric RNA viruses that on rare
occasions spread to the central nervous system (CNS)
and cause disease. Replication of the virus in anterior
horn cells of the spinal cord can result in paralysis. In
the 1950s, both inactivated and live polio vaccines
were developed to prevent paralytic disease. Three vac-
cines for types 1, 2, and 3 polioviruses had to be de-
veloped to create effective immunity.

Although polio has been largely eradicated using pri-
marily live vaccines, it persists in some parts of the
world. The goal of global polio eradication, like that
achieved for smallpox in 1978, remains elusive. Target
dates have been moved back repeatedly. Still, most
public health officials retain their belief that it is pos-
sible to eradicate polio from our planet using a com-
bination of inactivated and live poliovirus vaccines. In
fact, the type 2 strain of the virus has been eradicated.
The World Health Organization, assisted by a number
of nongovernmental organizations, is now aiming at
eliminating the last reservoirs of poliovirus types 1 and
3. Presently, wild viruses of these types remain endemic
in four countries. From these areas, they can spread to
reinfect people living in countries that were previously
declared to be polio-free.

The global campaign of immunization against polio-
myelitis was made possible by two vaccines: (1) an in-

activated virus preparation developed by Jonas Salk,
Julius Youngner, and their colleagues1–3; and (2) live,
attenuated virus preparations developed initially by
Hilary Koprowski, Herald Cox, and their cowork-
ers,4–6 and later by Albert Sabin and his colleagues.7

These vaccines dramatically changed the lives of mil-
lions of children in developed countries where polio
vaccination was initially introduced. Examples of the
extraordinary effectiveness of the vaccines are illustrated
by the decline in poliomyelitis cases in the United
States and Sweden (Fig 1).

By any measure, the eradication of polio must be
considered a milestone in the annals of medicine. That
said, it is reasonable to ask why the successful develop-
ment of both inactivated and live polio vaccines was
not celebrated by a Nobel Prize. First, it can be argued
that Alfred Nobel would have thought such work,
which improved the lives of so many, would be most
appropriate for the award that bears his name. Second,
one may ask why the Nobel Prize was awarded to End-
ers, Weller, and Robbins in the fall of 1954 just when
the first clinical trial of the Salk vaccine was being
completed. Why didn’t the Nobel Committee wait to
view the outcome of a mass immunization program en-
compassing nearly 650,000 children that was an-
nounced in the spring of 19558?
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Because the Nobel Archives are open to scholarly in-
vestigations 50 years after the awarding of a Prize, we
decided to investigate the circumstances surrounding
the award of the 1954 Nobel Prize in the hope of an-
swering the questions posed above. After reviewing
some of the salient features of polio infections, we de-

scribe our findings, which seemed to shed light on this
epic saga in the history of medicine.

Polio Epidemics in the Twentieth Century
The poliovirus appears to have infrequently caused
CNS disease in humans before the nineteenth century,
although atrophied limbs in young people were re-
corded in ancient Egypt.9 Presumably, nonsymptom-
atic enteric infections of the poliovirus in young chil-
dren were so common that these conferred widespread
immunity. These young individuals suffered no CNS
dysfunction because they were presumably protected by
maternal antibodies. As hygiene improved and public
sanitation measures were implemented, the age at
which children developed their own antibodies in-
creased. Because maternal antibodies to poliovirus in
children disappear between the ages of 1 and 2 years,
an increasing population of susceptible children
emerged. These young people had not acquired immu-
nity to polioviruses through inapparent enteric infec-
tions as infants when they were still protected by their
mother’s anti-polio antibodies.10 Gradually a nonim-
mune population of older children and young adults
emerged, and when exposed to polioviruses, many of
them experienced development of paralytic polio.

The first well-described outbreaks of polio were reg-
istered among children in Scandinavia. Heine, a Ger-
man orthopaedist, gave the first complete clinical de-
scription of the disease in 1840, and Medin, a Swedish
pediatrician, reported the first epidemics.9 The disease
originally known as Heine–Medin disease and later, in-
fantile paralysis or poliomyelitis, is today generally re-
ferred to as polio. The number of outbreaks grew with
time, and they began to spread to other geographic ar-
eas.

During the first half of the twentieth century, the
incidence of polio increased and epidemics in the sum-
mer months became commonplace in many industrial-
ized countries (see Fig 1). Year after year, the epidemics
killed children and left many more crippled. The dis-
ease created anxiety, horror, and political unrest. In the
United States, efforts to deal with the recurrent polio
epidemics were spearheaded by Franklin Roosevelt,
who himself was crippled by polio in 1921, and by
Roosevelt’s associate Basil O’Connor. When Roosevelt
was elected President of the United States in 1932, he
was in a position to acquire and dedicate enormous
resources to a national campaign against polio. Roos-
evelt and O’Connor created the National Foundation
for Infantile Paralysis and raised immense funds
through annual campaigns called the “March of
Dimes” that were used to care for polio victims and
support vaccine research. Today, the National Founda-
tion supports research on birth defects.

Fig 1. Epidemiology of annual number of polio infections in
the United States (A, B) and Sweden (C) between years 1915
and 1999. Polio disappeared from the United States and Swe-
den after the introduction of inactivated vaccines (arrows).
Data are shown in arithmetic (A) and logarithmic (B, C)
scale. Note that Sweden eradicated polio by use of only inacti-
vated vaccine, whereas the United States, like most other
countries, switched to the live vaccine in 1963. The incidence
of polio cases in the United States until 1999, when the inac-
tivated vaccine began to be used again, is due to disease asso-
ciated with the live vaccine and to imported cases. (Data were
provided by Margareta Bottiger, Michael Katz, and Post-Polio
Health International.)
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Initial Attempts to Produce a Vaccine
In 1908, Karl Landsteiner (Fig 2) demonstrated the vi-
ral origin of poliomyelitis when he transmitted the dis-
ease to monkeys using a filtered preparation of macer-
ated CNS tissue obtained from individuals who had
died of polio.11 Landsteiner later discovered human
blood groups, for which he was awarded the Nobel
Prize in 1930. The filterable agent causing poliomyeli-
tis was difficult to study because there were no simple
procedures for growing the virus in the laboratory. Ex-
periments had to be performed with tissues harvested
from infected monkeys.

By using inactivated virus from the brains of polio-
infected animals, it was possible to demonstrate that
effective immunity could be induced in monkeys.9 It
was also possible to demonstrate, by rather cumber-
some but important experiments with monkeys, that
three different types of polioviruses are distinctly anti-
genic. This meant that not one, but three different vac-
cines had to be developed for polioviruses types 1, 2,
and 3. In addition, the idea of preparing enough vac-
cine for massive immunizations was unattractive for
two reasons: First, the number of monkeys needed
would be enormously expensive; and second, nonpolio-
virus antigens might evoke a harmful encephalitic re-
sponse.9

In the 1930s and 1940s, several attempts to develop
a polio vaccine resulted in abysmal failures.9 The fail-
ures sensitized the medical community to the disas-
trous results that an ineffective vaccine could bring.

By the mid 1930s, transmission of the Lansing type
2 strain of poliovirus from humans to mice was report-
ed.12 A few years later, transmission of the Lansing
strain from monkeys to cotton rats was described.13,14

But these results were not pursued until the late 1940s
when Hilary Koprowski and coworkers, using the po-
liovirus attenuated in the brains of cotton rats, pro-
duced an experimental live virus vaccine and, thus, ini-
tiated the modern era of polio vaccinology. In 1950,
Koprowski orally vaccinated himself, his technician,
and later, a group of children with an extract prepared
from the brains of cotton rats.4 A critical breakthrough
in vaccine development occurred when it was described
that polioviruses could be grown in nonnervous tis-
sue.15–18 This discovery resulted in the award of the
1954 Nobel Prize in Physiology or Medicine to John
Enders, Thomas Weller, and Frederick Robbins. In
1956, Koprowski switched from vaccines prepared
from attenuated poliovirus strains propagated in rodent
brain to those grown in cultured monkey kidney
cells.19,20

Early Deliberations
Because the Nobel Archives up to and including 1956
were open when we performed the research described
here, we were able to look back 50 years at the delib-
erations that led to the 1954 Prize and at some subse-
quent discussions. Nominees for a Nobel Prize are
evaluated at three levels: (1) short notes for relatively
weak candidates, (2) preliminary reviews of a few pages
for stronger candidates, and (3) exhaustive analyses for
the strongest candidates. Generally, a preliminary re-
view precedes a detailed analysis. In addition to these
documents, we found a record of the concluding meet-
ing of the enlarged Nobel Committee (the nominal
five-member committee with adjunct members chosen
annually). This record is a decision and not a discus-
sion document; it presents a list of the major candi-
dates, provides comments on their Prize-worthiness,
and gives the proposal for the Prize recipients. No-
where in the archives could we find the opinions of the
individual committee members with respect to partic-
ular nominees.

John Enders was first nominated for a Nobel Prize
by Dr L. P. Gebhardt in 1952, for his discovery that
polioviruses could be propagated in cultures of non-
nervous tissues. Only Enders was named; he was con-
sidered such a strong candidate that an exhaustive re-
view was made. In a document of more than 20
typewritten pages, Dr Sven Gard, Professor of Virology
at the Karolinska Institute, described the background
for this discovery and the dramatic changes in poliovi-

Fig 2. Karl Landsteiner. (Courtesy of the National Library of
Medicine.)
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rus research that it had brought in the past 3 years.
The practical consequences of Ender’s discovery were
also highlighted in this review, much of which is sum-
marized below.

Before the discovery by the Enders’ group, many at-
tempts had been made to grow polioviruses in tissue
cultures. Forty years earlier, Simon Flexner had re-
ported his attempts to grow polioviruses in tissue cul-
ture. Based on observations in infected monkeys, Flex-
ner and his colleagues21,22 concluded that poliovirus
replication occurred exclusively in neural tissue or cells.
Two decades later, Albert Sabin and Peter Olitsky23

reinvestigated the growth of poliovirus in tissue culture
using the neurotropic monkey-adapted MV strain pro-
vided by Flexner. They interpreted their data as con-
firming Flexner’s earlier findings.

Gard commented on the misconception that polio-
viruses could not be grown in tissue cultures when he
wrote:

Sabin’s and Olitsky’s work was viewed for some 15 years
to come as the last word on in vitro replication of polio-
myelitis virus. It was concluded on the basis of their data
that virus, not only in vivo, but also in vitro displays a
pronounced species specificity and an extreme neurotro-
pism.

The widely held perception that poliovirus replication
was confined to nervous system tissue was overthrown
by the pioneering work of John Enders, Thomas
Weller, and Frederick Robbins (Fig 3).15–18 In 1954,
the College of Teachers of the Karolinska Institute de-
cided to award the Nobel Prize to Enders, Weller, and
Robbins “for their discovery of the ability of poliomy-
elitis viruses to grow in cultures of various types of tis-
sue.”53,70

Enders, Viruses, and Cultured Cells
Enders had a long-standing interest in growing viruses
in tissue cultures. In 1940, he engaged a medical stu-
dent, Thomas Weller, for a tutorial research project.
Together with another researcher, Dr Alto Feller, they
managed to obtain substantial replication of vaccinia
virus in chicken embryo tissue maintained in a roller
tube culture system.24 Weller left to serve in the armed
forces in World War II and did not return to Enders’s
laboratory until 1946.

About a year after Weller’s return, Dr Fredrick Rob-
bins, a medical school classmate, joined him in End-
ers’s laboratory. Enders asked Robbins to review the
available tissue culture techniques for their use in the
propagation of viruses and assigned him the task of
growing viruses from children with infant diarrhea.25

Meanwhile, Enders tried to cultivate the measles virus
in tissue culture, and Weller, the chickenpox virus. In
addition to measles and chickenpox viruses, Enders and
his colleagues examined the ability of other viruses to

grow in tissue cultures. In 1949, Weller and Enders
published a manuscript on the successful cultivation of
mumps and influenza viruses in suspended cell cultures
with the production of hemagglutinin.26 By the early
1950s, they successfully cultivated a half-dozen human
viruses in a series of pioneering studies.27,28

Although the main focus of the laboratory was not
to grow polioviruses, a series of experiments, performed
between March and June 1948, demonstrated the ro-
bust growth of polioviruses in tissue culture. In his at-
tempts to isolate varicella virus, Weller used tissues ob-
tained from aborted human embryos. Some unused
cultures that had been established for another set of
experiments were inoculated with the cotton rat–
adapted Lansing strain of poliovirus. Although no
growth of varicella virus was recorded in some cultures,
poliovirus grew spectacularly. Using bioassays in rats,
Weller documented extremely high titers of poliovirus
in these cultures.

The reasons for the inoculation of poliovirus into
tissue cultures, and who took the initiative, are unclear.
In a retrospective, Weller29 states that he initiated the
poliovirus experiments, but according to Robbins,25,30

the idea for these studies came from Enders.

Fig 3. The discovery of John Enders (right), Thomas Weller
(left), and Frederick Robbins (center), shown at the Nobel
Prize ceremony, revolutionized poliovirus research. (Reprinted
by permission of the Harvard Medical Library in the Francis
A. Countway Library.)
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Sven Gard and His Role
Discussions about awarding a Nobel Prize for the
growth of polioviruses in cultured cells evolved over 3
years, from 1952 to 1954. As a prominent researcher
in the field of polio and polio-related viruses, Sven
Gard (Fig 4) was unusually well qualified to lead such
discussions. Whether he was so opinionated that he
should have recused himself from such important de-
liberations is unclear; certainly, his encyclopedic
knowledge of polioviruses must have been considered
by many to be a great asset.

Sven Gard was the teacher and predecessor of the
chair of virology at the Karolinska Institute for one of
us (E.N.); the other (S.B.P.) never met him. Gard’s
early work in which he determined the dose of a polio-
like virus in mice by measuring the length of the in-
cubation time31 was well known to one of us (S.B.P.)
because the same approach was used 40 years later in
the discovery of the prion.32–34

Gard was a physician who was fascinated by micro-
bial diseases. He appears to have developed an interest
in polio through contacts with Carl Kling. That polio
might be a waterborne disease, which is spread by
sewage-contaminated drinking water, was proposed by
Kling.9

In 1939, Gard worked at the Rockefeller Institute as
a visiting scientist in Max Theiler’s laboratory. The
Nobel Committee was seasoned with respect to the im-
portance of viral vaccines. Theiler received the 1951
Nobel Prize “for his discoveries concerning yellow fever
and how to combat it.” Theiler’s achievement was to
produce an effective and safe live vaccine against yellow
fever by passaging the virus in mice. Gard did not be-
come involved in Theiler’s yellow fever studies, but
collaborated instead on investigations of a murine,
polio-like virus known as the Theiler virus.35,36 Gard

also participated in epidemiological studies of human
polioviruses in the United States.

In 1940, Gard returned to Sweden to pursue his in-
terest in polio and polio-like viruses under the guid-
ance of professors The Svedberg and Arne Tiselius at
Uppsala University. Svedberg received the Nobel Prize
in Chemistry in 1926 and Tiselius was awarded the
Prize in Chemistry in 1948. By 1943, Gard completed
his PhD thesis on the purification of the murine polio-
like virus from the brains of tens of thousands of mice
by use of physicochemical methods available at the
time.37

In the mid-1950s, Gard and his collaborator Erik
Lycke (see Fig 4) pioneered an understanding of the
kinetics of formalin inactivation of poliovirus. Salk had
argued that the inactivation was linear,3,38 that is, that
the log of remaining virus activity was a linear function
of the time of treatment with formaldehyde, but Gard
and Lycke showed that inactivation did not proceed
according to a simple first-order reaction, indicating
that the interactions between the virus and formalde-
hyde were more complicated.39–42 This finding indi-
cated that it was not possible to estimate the length of
the formaldehyde treatment merely by extrapolation
from a linear inactivation curve. These considerations
appear to have been quite pertinent in explaining the
tragic “Cutter incident” in the United States in 1955,
in which more than 200 cases of polio occurred in
children receiving one of the early batches of the inac-
tivated vaccine, as well as in their families and commu-
nity contacts.43–47 At a symposium in London in
1957, Gard presented an empirical formula fitting the
available experimental data.48 Gard and Lycke pub-
lished a thorough analysis of calculations using Gard’s
formula and applied these to the results of both Swed-
ish and German studies.41 The work of Gard, Lycke,
and their colleagues led to the introduction of modi-
fied conditions for the production of an inactivated po-
lio vaccine in Sweden.49,50 The positive experiences of
the modified, inactivated vaccine led to the decision in
Sweden not to use the live vaccine; the eradication of
polio in Sweden was achieved solely with inactivated
preparations.51,52

Nomination of Enders in 1952
As mentioned above, one Nobel Prize nomination was
submitted in 1952 for Enders alone. In his analysis of
Enders’s work for the Nobel Committee in 1952, Gard
pointed out that the dogma of strict neurotropism of
the poliovirus was beginning to be questioned by the
late 1940s. After high levels of poliovirus were found
in human feces, investigators began to question how so
many virions could be produced by nerve endings in
the intestinal mucosa.53 A more likely explanation was
that polioviruses replicated in nonneural tissues, an in-
terpretation that Enders appeared to embrace. More-

Fig 4. Swedish polio pioneers (A) Sven Gard and (B) Erik
Lycke. (Photos were kindly provided by Samuel Katz and Erik
Lycke.)
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over, Enders encouraged Robbins to pursue additional
experiments on the growth of poliovirus in tissue cul-
ture once the initial results were obtained.15–18 The
last paragraph of their Science article15 references the
dogma of poliovirus neurotropism in light of their new
findings. It reads:

It would seem, from the experiments described above,
that the multiplication of the Lansing strain of poliomy-
elitis virus in the tissues derived from arm or leg, since
these do not contain intact neurons, has occurred either
in peripheral nerve processes or in cells not of nervous
origin.

Gard emphasized in his evaluation that Enders and col-
laborators did not invent any new tissue culture tech-
nique. In spite of this, they were successful in propa-
gating poliovirus where other investigators had failed.
At least two explanations might account for this differ-
ence in the results. First, choosing the Lansing polio-
virus strain may have been critical. Sabin and Olitsky
had used the MV strain of poliovirus in their attempts
to propagate the virus in tissue cultures.23 The MV
strain is a highly neurotropic virus that Flexner estab-
lished during 20 consecutive passages in monkey brain
and is likely to have a reduced capacity for growth in
nonnervous cells.54,55 The Lansing strain used by End-
ers, Weller, and Robbins was also neurotropic, but pas-
sage in this case had occurred in cotton rats.13,14

Whether repeated passage through monkeys versus rats
is the correct explanation for this difference in growth
properties is unclear. Second, the Enders group allowed
a longer time for the virus to grow in cultures. Sabin
and Olitsky split their cultures every third day accord-
ing to the conventions of the time, whereas the Enders
group kept the cultures for weeks with repeated
changes of the culture media to renew the nutrients.

In 1952, Gard came to the conclusion that the
growth of poliovirus in nonnervous tissue was worthy
of a Nobel Prize, but he “refrains at present from for-
mulating an opinion on whether a Nobel Prize in this
field should be given to Enders alone.” The Nobel
Committee agreed that Enders’s contribution was
worthy of a Nobel Prize, but the Prize that year was
awarded to Selman Waksman “for his discovery of
streptomycin, the first antibiotic effective against tu-
berculosis.” It is notable that antibiotics, such as pen-
icillin and streptomycin, greatly facilitated the isola-
tion of viruses in tissue cultures by suppressing
bacterial contamination.

Nominations of Enders and Collaborators in
1953 and 1954
In 1953, Enders was again nominated for the Nobel
Prize; this time by Drs J. H. Means and John H. Din-
gle. No further analysis of Enders was made that year,
and the Nobel Committee did not mention him in

their summary report. Curiously, Gard was not an ad-
junct member of the Committee in 1953, but he is
said to have visited Enders’s laboratory in Boston in
October 1953 (T. Weller, personal communication).
Whether the impressions that he gained during this
visit influenced his interpretation of the relative contri-
butions of Enders, Weller, and Robbins remains un-
known. This contact between Gard and the Enders
laboratory at Children’s Hospital in Boston is poten-
tially the source of the widely circulated, but unsub-
stantiated, story that Enders contacted the Nobel
Committee stating that he would refuse to accept the
Nobel Prize unless his two young collaborators were
included.56 This story has been widely circulated and
one of us (S.B.P.) remembers learning about Enders’s
attempt to influence the Nobel Committee in a med-
ical school lecture at the University of Pennsylvania.
We have been unable to find any correspondence be-
tween Enders and the Nobel Committee, much less a
letter stating the conditions under which he would be
willing to accept the Nobel Prize. In this context, it
should be added that Enders accepted both the Passano
and Lasker awards alone before the award of the Nobel
Prize.

In 1954, nine nominations of Enders, several of
them relatively exhaustive, were submitted for a Nobel
Prize. Some of these came from prominent scientists in
the field of virology: J. R. Paul, C. H. Andrewes, and
F. M. Burnet. Later, Burnet shared the Nobel Prize
with Peter Medawar in 1960 for their “discovery of
immunological tolerance”. Only two of the nine nom-
inations of Enders included Weller and Robbins. These
two nominations came from less authoritative research-
ers in the field: P. L. Lence from Ljubljana, Yugoslavia,
and Dr G. Bruynoghe from Louvain, Belgium.
Bruynoghe’s proposal also listed other nominees, in-
cluding G. K. Hirst, D. Horstmann, and D. Bodian.
Lence, in his nomination, refers to “the production of
a non-toxic polio vaccine.” In his letter, he first refers
to the successful growth of polioviruses in nonnervous
tissue by “Enders et al.” Lence states, “By this discov-
ery, the main hurdle to production of a vaccine was
passed.” He then cites as follow-up information on the
cultivation by Cox57,58 of poliovirus in chicken em-
bryo cells and the first attempts to produce a vaccine
by Koprowski and colleagues4 and the work of
“Youngster [Youngner] et al.” Lence concludes by rec-
ommending that Enders, Weller, and Robbins should
receive the Nobel Prize. The names of Bruynoghe and
Lence are not known to Erik Lycke (personal com-
munication), a close collaborator of Gard in the early
1950s, and hence probably not to Gard himself at the
time. They may have been microbiologists, but they
were unlikely to have been virologists. Because their
nominations were accepted, they must have been af-
filiated with an academic institution that was invited
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to make proposals by the Nobel Committee of Phys-
iology or Medicine.59 What would have happened in
1954 if their nominations had not been submitted
remains uncertain.

The Nobel archives demonstrate that, in 1954, Sven
Gard wrote another review of the developments in the
field, but this one was only five typewritten pages in
length. In the beginning of this review, he wrote: “It
seemed likely to me that both Weller and Robbins had
taken active part in the planning and execution of the
experiments.” He emphasized the rapid development of
the field, with possibilities for providing laboratory
support to clinical diagnoses and epidemiological sur-
veillance, as well as for production of large quantities
of virus for vaccine purposes. He clearly notes:

In preliminary experiments with many thousand individ-
uals, Salk has demonstrated that formalin-inactivated vi-
rus can produce a considerable serological immunity. At
present, field trials are performed on a large scale to assess
the protective efficacy of the Salk vaccine. It was tested in
a total of 650,000 children in the U.S.A., 25,000 in Can-
ada and 20,000 in Finland, out of which about 1/3 have
received an inactivated control preparation. The results of
these trials are not expected to become available until the
beginning of next year.

Gard concludes his evaluation with an extraordinarily
enthusiastic assessment:

It is not an exaggeration to state that the discovery by
Enders’ group is the most important in the whole history
of virology.…The discovery has had a revolutionary effect
on the discipline of virology.

In the last paragraph of his analysis, Gard reiterates the
Prize-worthiness of the discovery and concludes:

Since the time when I submitted my previous evaluation
I have come to the firm conviction that no one of the
three members of the group can be said to have contrib-
uted more than any of the others to provide a solution to
the problem. If it would be decided to award the discov-
ery with a Nobel Prize, which I consider to be highly
motivated, I would propose that the Prize should be given
jointly to Enders, Weller and Robbins.

Interestingly, the names are given in the above order,
and included as so in the Nobel Foundation Directory,
and not in alphabetical order as listed below.

The Decision
The conclusion of the enlarged Nobel Committee in
the document sent to the College of Teachers on Sep-
tember 28, 1954, reads:

The Nobel Committee decided to propose that the 1954
Nobel Prize in Physiology or Medicine should be given to
Vincent du Vigneaud for his discovery of the structure of
vasopressin and oxytocin, confirmed by the synthesis of
these hormones. Professors Gard and Hellström were of

the opinion that the Prize instead should be given to John
Franklin Enders, Frederick C. Robbins and Thomas H.
Weller jointly for their discovery of the capacity of polio-
myelitis virus to grow in different tissue cultures from pri-
mates.

Expression of dissenting views in the final proposal
from the Committee is a relatively uncommon phe-
nomenon. Generally, the Committee attempts to make
a unanimous recommendation. During the ensuing de-
bate by the College of Teachers, apparently Gard and
Hellström managed to swing the opinion of the ma-
jority in favor of Enders, Weller, and Robbins, so that
they became recipients of the 1954 Prize (see Fig 3).
This was neither an isolated nor precedent-setting sit-
uation; other historical examples exist in which the
Nobel Assembly of the Karolinska Institute did not fol-
low the recommendation of its Nobel Committee.

Secrecy surrounding the selection of Nobel Prize
awardees is generally well maintained,60 but in 1954,
the recommendation of the Nobel Committee of the
Karolinska Institute was leaked to a US newspaper.61

The New York Times, but not the main Stockholm
newspaper of the day, reported “Up to the time of vot-
ing, the College (of the Stockholm Royal Karolinska
Institute) was more or less decided between the se-
lected trio (Enders, Weller, and Robbins) and another
American, Professor Vincent du Vigneaud, age 53, of
Cornell and New York.”61 Du Vigneaud must have
been very disappointed when he learned of his failed
candidacy. However, he was compensated the follow-
ing year when he received the Nobel Prize in Chemis-
try. In the fall of 1955, both the Chemistry Nobel
Committee of the Royal Swedish Academy of Sciences
and the Nobel Committee at the Karolinska Institute
recommended Hugo Theorell for a Nobel Prize. Theo-
rell, who was a professor at the Karolinska Institute,
was awarded the Prize in Physiology or Medicine and
du Vigneaud the Prize in Chemistry. Parenthetically,
Theorell was a victim of polio and used a cane to walk.

Polio Research and Vaccine Production
Before Enders and his colleagues left the field of polio-
virus propagation and vaccine production, they dem-
onstrated that the neurovirulence of poliovirus could
be attenuated by repeated passage in tissue culture.62

Enders later used the same approach with the measles
virus to generate the attenuated strain that remains in
use today as a vaccine.63

The ability to grow poliovirus to high titers in tissue
cultures set the stage for development of effective, safe
vaccines. Following the lead of Enders and coworkers,
Salk and his collaborators showed that monkey kidneys
provided a useful substrate for large-scale production of
poliovirus and for preparation of a formalin-inactivated
vaccine.1,2,64 In this work, Julius Youngner, who was a
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member of the Salk group, introduced an important
technical improvement when he, like Dulbecco and
Vogt,65 resurrected the method of trypsinizing tissue
fragments initially used at the Rockefeller Institute.66

Monolayer cell cultures were established using the tryp-
sin technique and became the standard for most future
work.67,68 By reading cytopathic effects, a term intro-
duced by Enders and his colleagues, numerous medi-
cally important viruses were identified during the
1950s and early 1960s.

The growth of poliovirus in tissue culture facilitated
both the isolation of attenuated strains that were suit-
able for live vaccines and the large-scale production of
these attenuated viruses that enabled mass vaccination
programs. Studies with tissue culture–grown, attenu-
ated poliovirus begun around 1953, but the vaccines
were not recommended for general use until 1961. Par-
allel studies of competing live vaccines were undertaken
by Koprowski,19,20 Cox and colleagues,5 and Sabin.7,69

Eventually, the three vaccine strains that Sabin devel-
oped became the live vaccine of choice because they
were thought to give the lowest frequency of vaccine-
associated cases of polio.

Under the aegis of the National Foundation for In-
fantile Paralysis in the United States, the inactivated
vaccine that Salk developed came into general use after
a successful initial trial in 1954, which led to a dra-
matic reduction in the occurrence of polio cases (see
Fig 1).8 Despite this success, the Salk vaccine was re-
placed by the Sabin live vaccine in 1961; the latter vac-
cine was easier to administer and presumably had an
improved capacity to induce herd immunity because of
the spread of attenuated virus from vaccinated individ-
uals. Eventually, after decades of use, the Sabin live
vaccine was replaced in 1999 by the Salk inactivated
vaccine that had been used originally. Because rever-
sion of the attenuated polioviruses to wild-type occurs
in vaccinees at a low rate, use of the Sabin vaccine is
no longer recommended in countries where polio has
been almost eradicated.

Why Not Wait for Results from the First
Vaccine Trials?
Although the discovery of Enders, Weller, and Robbins
was critical to polio research, virology, and future vac-
cine development, it is reasonable to question why the
College of Teachers of the Karolinska Institute
awarded the Nobel Prize in Physiology or Medicine to
Enders, Weller, and Robbins in the fall of 1954. Why
did they not want to wait to learn the results of one
large and two smaller polio vaccine trials that had been
started in the spring of that year? After all, the critical
deliberations took place about 4 months after all the
children in these vaccine trials had been immunized.

Not surprisingly, Jonas Salk was nominated for the
first time in 1955 for the Nobel Prize in Physiology or

Medicine. At the time of nomination, the results of the
large field trial, mentioned in Gard’s 1954 evaluation
of Enders and collaborators, were still pending.8 The
rigorous analysis offered by Thomas Francis on April
12, 1955, showed the Salk vaccine was clearly protec-
tive. The incidence of polio among the almost 200,000
children who had received the vaccine was reduced at
least 50% with no adverse side effects reported after
vaccination. In response to Salk’s nomination by Drs
A. J. Carlson and H. A. Rusk, Sven Gard wrote what
appears to be a rather ambiguous formulation in a pre-
liminary evaluation submitted on April 13, 1955:

It appears to me that the problem (of polio vaccine pro-
duction) is of such an importance from a practical med-
ical viewpoint that a more comprehensive review is mo-
tivated. However, it is hardly possible to take a conclusive
position for the moment. The results of the field trials
that last year were conducted in U.S.A., Canada and Fin-
land to a major extent have an influence on the stand-
point to be taken. The results of these trials have now
been compiled, but the complete report will not be avail-
able for some time to come. Under these conditions I still
[our italics] consider that I should propose that the work
is subjected to an exhaustive analysis.

However, the Committee did not initiate any further
analysis that year.

In response to three nominations of Salk the next
year by Leslie A. Osborn, Karl T. Neubuerger, and A.
Sarpyener, Gard prepared another preliminary analysis
consisting of eight typewritten pages. Gard described
the first animal immunizations in 1910, studies of six
different procedures for inactivation of polioviruses, the
failed immunizations in the 1930s by Kolmer and Bro-
die, as well as Flexner’s view that inactivated poliovirus
is not immunogenic. Next, Gard comments on studies
showing three distinct poliovirus strains, each of which
requires a separate vaccine.

On this background, Gard analyzes Salk’s contribu-
tions. He describes Salk’s faulty interpretation of inac-
tivation studies that were used to define conditions for
the manufacture of polio vaccines. Gard argues that
Salk’s rigid attitude and incorrect recommendations
were responsible for the Cutter incident. He concludes:

Salk’s most important contribution is according to my
opinion that he definitely demonstrated that serological
immunity and protective effects [against the disease, au-
thors’ comment] can be obtained by use of a formalin
inactivated poliovirus vaccine. This is in principle nothing
new and furthermore Salk has not in the development of
his methods introduced anything that is principally new,
but only exploited discoveries made by others. It has not
been possible to reproduce some of his experimental re-
sults in other laboratories [the presumed linear rate of vi-
rus inactivation for one thing, our comment] and it seems
now reasonably well secured that some of his working hy-
potheses are in fact incorrect. It cannot be excluded that
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some of the accidents that occurred in connection with
the mass immunizations in the U.S. in 1955 result di-
rectly from the practical application of such incorrect hy-
potheses. According to my opinion Salk has not demon-
strated the cautiousness that one would expect to be
applied in this context. It is my view, based on these con-
clusions, that Salk’s publications on the poliomyelitis vac-
cine cannot be considered as Prize worthy.

In the late 1960s, an initiative emerged from Rune
Grubb, the Professor of Bacteriology at Lund Univer-
sity in Sweden, to nominate Salk, Sabin, and Ko-
prowski for the Nobel Prize (E. Lycke, personal com-
munication). Among the long list of names, numerous
Swedish microbiologists signed the petition. In this ini-
tiative, Gard was included as a fourth nominee. The
nomination cited Salk and Gard for the development
of the inactivated vaccine, as well as Sabin and Ko-
prowski for the attenuation of poliovirus strains and
development live polio vaccines. After wide discussions,
the nomination was signed by professors of virology,
bacteriology, and immunology from many universities
in Sweden. It is likely that professors from other Scan-
dinavian countries also signed the nomination. When
the nomination came to Gard’s attention, without a
moment’s hesitation, he made it clear that he would
not accept any nomination. He justified his refusal by
referring to the Nobel statutes that the Prize was to be
given for achievements of primary nature and not for
applications of work derived from the accomplishments
of those already awarded the Prize. Certainly, the long
road to eradicating polio through the use of inactivated
and live vaccines is undoubtedly filled with remarkable
contributions to science, some of which are of a “pri-
mary nature,” But Gard’s decision was firm and the
nomination was never submitted to the Nobel Com-
mittee. The nomination of four scientists, when No-
bel’s will clearly states a maximum of three awardees,
was flawed from its inception.

So we return to the question of why the College of
Teachers late in the fall of 1954 chose to support a
minority opinion of the Nobel Committee and
awarded the Nobel Prize in Physiology or Medicine to
Enders, Weller, and Robbins. We can only speculate
what prompted the College of Teachers to adopt the
opinion of Gard and Hellström. As the most knowl-
edgeable person on the subject of polioviruses in Swe-
den at this time, Gard was in a position to speak au-
thoritatively. His evaluation for the Nobel Committee
shows the admiration that he had for the discovery of
the Enders group when he described their work as “the
most important in the whole history of virology.” Such
hyperbole might best be understood within the context
of Gard’s presentation speech at the Nobel Prize award
ceremony on December 10, 1954. In the final segment
of his comments addressed to Enders, Weller, and
Robbins, Gard states: “By giving the virologists a prac-

tical method for the isolation and study of viruses you
relieved them of a handicap, burdening them from the
birth of their science and placed them for the first time
on an even footing with other microbe hunters.”70

Unquestionably, Gard understood the importance of
their discovery for future vaccine production, but for
him, their work had much wider implications. Clearly,
Enders, Weller, and Robbins laid the foundation for
the accomplishments of many virologists in the 1950s
and early 1960s. During that period, the majority of
medically important human viruses were identified by
examination of cytopathic effects in tissue cultures.

We conclude that Gard’s admiration for the work of
the Enders’s group prompted him to push for the
award of the 1954 Nobel Prize, and that his persuasive
personality greatly influenced the College of Teachers.
Gard’s caustic analysis of Jonas Salk’s nomination in
1956 suggests that any future nominations of the vac-
cine pioneer (Fig 5) were doomed. Certainly, it is rea-
sonable to assume that until 1972, when Gard retired,
no nomination of Salk was ever considered seriously by
the Nobel Committee.

We gratefully acknowledge the permission from the Nobel Com-
mittee for Physiology or Medicine to examine the archives from
1952–1956 and from the Centre for the History of Science of the
Royal Swedish Academy of Sciences to examine the archives of the
Nobel Prize in Chemistry in 1955. We thank D. Nathan and F.
Lovejoy for providing articles; L. Philipson for providing informa-
tion about The New York Times article; H. Zuckerman and the Co-

Fig 5. Polio vaccine pioneers (A) Herald Cox, (B) Hilary Ko-
prowski, (C) Albert Sabin, (D) Jonas Salk, and (E) Julius
Youngner. (Photos were kindly provided by Indiana State
University, Samuel Katz, Hilary Koprowski, and Julius
Younger.)
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lumbia University Oral History Research Office for access to Dr
Robbins’s reminiscences; M. Bottiger, H. Jornvall, H. Koprowski,
A. Lindberg, E. Lycke, M. Katz, S. Katz, N. Nathanson, T. Weller,
and J. Youngner for reviewing the manuscript and providing their
critical comments.
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Testimony of Harry Johns, President and CEO of the Alzheimer’s Association 
Fiscal Year 2014 Appropriations for Alzheimer’s-related Activities 

at the U.S. Department of Health and Human Services 
 

Subcommittee on Labor, Health and Human Services, Education and Related Agencies 
Committee on Appropriations 

United States House of Representatives 
 

March 13, 2013 

The Alzheimer’s Association appreciates the opportunity to comment on the Fiscal Year (FY) 2014 appropriations for 

Alzheimer’s disease research, education, outreach and support at the U.S. Department of Health and Human Services. 

Founded in 1980, the Alzheimer’s Association is the world’s leading voluntary health organization in Alzheimer’s care, support 

and research. Our mission is to eliminate Alzheimer’s disease and other dementias through the advancement of research; to provide 

and enhance care and support for all affected; and to reduce the risk of dementia through the promotion of brain health. As the world’s 

largest nonprofit funder of Alzheimer’s research, the Association is committed to accelerating progress of new treatments, preventions 

and, ultimately, a cure. Through our funded projects and partnerships, we have been part of every major research advancement over 

the past 30 years. Likewise, the Association works to enhance care and provide support for all those affected by Alzheimer’s and 

reaches millions of people affected by Alzheimer’s and their caregivers. 

Alzheimer’s Impact on the American People and the Economy 

In addition to the human suffering caused by the disease, Alzheimer’s is creating an enormous strain on the health care 

system, families and the federal budget. Alzheimer’s is a progressive brain disorder that damages and eventually destroys brain cells, 

leading to a loss of memory, thinking and other brain functions. Ultimately, Alzheimer’s is fatal. Currently, Alzheimer’s is the sixth 

leading cause of death in the United States and the only one of the top ten without a means to prevent, cure or slow its progression. 

Over five million Americans are living with Alzheimer’s, with 200,000 under the age of 65. While deaths from other major diseases, 

including heart disease, stroke and HIV continue to experience significant declines, those from Alzheimer’s have increased 68 percent 

between 2000 and 2010. 

With the first of the baby boomer generation now turning 65, the U.S. population aged 65 and over is expected to double by 

2030. Although Alzheimer’s is not normal aging, age is the biggest risk factor for the disease. Taken together, these factors will result in 
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more and more Americans living with Alzheimer’s - as many as 16 million by 2050, when there will be nearly one million new cases 

each year. Due to these projected increases, the graying of America threatens the bankrupting of America. Caring for people with 

Alzheimer’s will cost all payers - Medicare, Medicaid, individuals, private insurance and HMOs -- $20 trillion over the next 40 years, 

enough to pay off the national debt and still send a $10,000 check to every man, woman and child in America. In 2012, America will 

have spent an estimated $200 billion in direct costs for those with Alzheimer’s, including $140 billion in costs to Medicare and Medicaid. 

Average per person Medicare costs for those with Alzheimer’s and other dementias are three times higher than those without these 

conditions. Average per senior Medicaid spending is 19 times higher.  

A primary reason for these costs is that Alzheimer’s makes treating other diseases more expensive, as most individuals with 

Alzheimer’s have one or more co-morbidity that complicate the management of the condition(s) and increase costs. For example, a 

senior with diabetes and Alzheimer’s costs Medicare 81 percent more than a senior who only has diabetes. Nearly 30 percent of 

people with Alzheimer’s or another dementia who have Medicare also have Medicaid coverage, compared with 11 percent of 

individuals without Alzheimer’s or dementia. Alzheimer’s disease is also extremely prevalent in nursing homes, where 64 percent of 

Medicare residents live with the disease. Unless something is done, the costs of Alzheimer’s in 2050 are estimated to total $1.1 trillion 

(in today’s dollars). Costs to Medicare and Medicaid will increase nearly 500 percent and there will be a 400 percent increase in out-of-

pocket costs. 

With Alzheimer’s, it is not just those with the disease who suffer - it is also their caregivers and families. In 2011, 15.2 million 

family members and friends provided unpaid care valued at over $210 billion. Caring for a person with Alzheimer’s takes longer, lasts 

longer, is more personal and intrusive, and takes a heavy toll on the health of the caregivers themselves. More than 60 percent of 

Alzheimer’s and dementia caregivers rate the emotional stress of caregiving as high or very high, with one-third reporting symptoms of 

depression. Caregiving may also have a negative impact on health, employment, income and family finances. Due to the physical and 

emotional toll of caregiving on their own health, Alzheimer’s and dementia caregivers had $8.7 billion in additional health costs in 2011. 

Changing the Trajectory of Alzheimer’s 

 Until recently, there was no federal government strategy to address this looming crisis. In 2010, thanks to bipartisan support in 

Congress, the National Alzheimer’s Project Act (NAPA) (P.L. 111-375) passed unanimously, requiring the creation of an annually-

updated strategic National Alzheimer’s Plan (Plan) to help those with the disease and their families today and to change the trajectory 

of the disease for the future. The Plan is required to include an evaluation of all federally-funded efforts in Alzheimer’s research, care 
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and services -- along with their outcomes. In addition, the Plan must outline priority actions to reduce the financial impact of Alzheimer’s 

on federal programs and on families; improve health outcomes for all Americans living with Alzheimer’s; and improve the prevention, 

diagnosis, treatment, care, institutional-, home-, and community-based Alzheimer’s programs for individuals with Alzheimer’s and their 

caregivers. NAPA will allow Congress to assess whether the nation is meeting the challenges of this disease for families, communities 

and the economy. Through its annual review process, NAPA will, for the first time, enable Congress and the American people to 

answer this simple question: Did we make satisfactory progress this past year in the fight against Alzheimer’s? 

 As mandated by NAPA, the Secretary of Health and Human Services, in collaboration with the Advisory Council on 

Alzheimer’s Research, Care and Services, has developed the first-ever National Plan to Address Alzheimer’s Disease in May of 2012. 

The Advisory Council, composed of both federal members and expert non-federal members, is an integral part of the planning process 

as it advises the Secretary in developing and evaluating the annual Plan, makes recommendations to the Secretary and Congress, and 

assists in coordinating the work of federal agencies involved in Alzheimer’s research, care, and services. 

Having a plan with measurable outcomes is important.  But unless there are resources to implement the plan and the will to 

abide by it, we cannot hope to make much progress.  If we are going to succeed in the fight against Alzheimer’s, Congress must 

provide the resources the scientists need. Understanding this, the President’s FY 2013 budget request included $80 million for 

Alzheimer’s research and $20 million for education, outreach and support. These funds are a critically needed down payment for 

needed research and services for Alzheimer’s patients and their families. 

A disease-modifying or preventive therapy would not only save millions of lives but would save billions of dollars in health care 

costs. Specifically, if a treatment became available in 2015 that delayed onset of Alzheimer’s for five years (a treatment similar to anti-

cholesterol drugs), savings would be seen almost immediately, with Medicare and Medicaid spending reduced by $42 billion in 2020.  

Today, despite the federal investment in Alzheimer’s research, we are only just beginning to understand what causes the 

disease. Americans are growing increasingly concerned that we still lack effective treatments that will slow, stop, or cure the disease, 

and that the pace of progress in developing breakthrough discoveries is much too slow to significantly impact on this growing crisis. For 

every $31,000 Medicare and Medicaid spends caring for individuals with Alzheimer’s, the National Institutes of Health (NIH) spends 

only $100 on Alzheimer’s research. Scientists fundamentally believe that we have the ideas, the technology and the will to develop new 

Alzheimer’s interventions, but that progress depends on a prioritized scientific agenda and on the resources necessary to carry out the 

scientific strategy for both discovery and translation for therapeutic development.  
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For too many individuals with Alzheimer’s and their families, the system has failed them, and today we are unnecessarily 

losing the battle against this devastating disease. Despite the fact that an early and documented formal diagnosis allows individuals to 

participate in their own care planning, manage other chronic conditions, participate in clinical trials, and ultimately alleviate the burden 

on themselves and their loved ones, as many as half of the more than five million Americans with Alzheimer’s have never received a 

formal diagnosis. Unless we create an effective, dementia-capable system that finds new solutions to providing high quality care, 

provides community support services and programs, and addresses Alzheimer’s health disparities, Alzheimer’s will overwhelm the 

health care system in the coming years. For example, people with Alzheimer’s and other dementias have more than three times as 

many hospital stays as other older people. Furthermore, one out of seven individuals with Alzheimer’s or another dementia lives alone 

and up to half do not have an identifiable caregiver. These individuals are more likely to need emergency medical services because of 

self-neglect or injury, and are found to be placed into nursing homes earlier, on average, than others with dementia. Ultimately, 

supporting individuals with Alzheimer’s disease and their families and caregivers requires giving them the tools they need to plan for 

the future and ensuring the best quality of life for individuals and families impacted by the disease. It is vital that we make the 

investments in Alzheimer’s that were laid out in the President’s FY 2013 budget. While the President’s budget requested $100 million 

for research and support services, the needs of the Alzheimer’s community has grown. The Alzheimer’s Association urges 

Congress to fully fund the research, education, outreach and support activities and the priorities included in the National 

Alzheimer’s Plan required under P.L. 111-375. 

Additional Alzheimer’s programs            

National Alzheimer’s Call Center: The National Alzheimer’s Call Center, funded by the AoA, provides 24/7, year-round 

telephone support, crisis counseling, care consultation, and information and referral services in 140 languages for persons with 

Alzheimer’s, their family members and informal caregivers. Trained professional staff and master’s-level mental health professionals 

are available at all times. In the 12 month period ending July 31, 2011, the Call Center handled over 300,000 calls through its national 

and local partners, and its online message board received over 40,000 visits a month. Additionally, the Association provides a two-to-

one match on the federal dollars received for the call center. The Alzheimer’s Association urges Congress to support $1.3 million 

for the National Alzheimer’s Call Center. 

Healthy Brain Initiative (HBI): The Centers for Disease Control and Prevention’s (CDC) HBI program works to educate the 

public, the public health community and health professionals about Alzheimer’s as a public health issue. Although there are currently 
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no treatments to delay or stop the deterioration of brain cells caused by Alzheimer's, evidence suggests that preventing or controlling 

cardiovascular risk factors may benefit brain health. In light of the dramatic aging of the population, scientific advancements in risk 

behaviors, and the growing awareness of the significant health, social and economic burdens associated with cognitive decline, the 

federal commitment to a public health response to this challenge is imperative. The FY2013 Senate Labor-HHS bill included report 

language commending HBI for its leadership in bringing attention to the public health crisis of Alzheimer’s disease and for its work on 

cognitive impairment data collection in 45 states, the District of Columbia and Puerto Rico. Additionally, the committee noted that 

developing a population-based surveillance system with longitudinal follow-up is a key recommendation in the National Public Road 

Map to Maintaining Cognitive Health, which was developed jointly by the CDC and the Alzheimer’s Association. The bill increased 

funding for HBI by $10 million in order to further develop this system and to develop effective public health messages to promote 

cognitive health in older adults. The Alzheimer’s Association urges Congress to support $11.8 million for the Healthy Brain 

Initiative. 

Alzheimer’s Disease Supportive Services Program (ADSSP): The ADSSP at the AoA supports family caregivers who 

provide countless hours of unpaid care, thereby enabling their family members with Alzheimer’s and dementia to continue living in the 

community. The program develops coordinated, responsive and innovative community-based support service systems for individuals 

and families affected by Alzheimer’s. The Alzheimer’s Association urges Congress to support $13.4 million for the Alzheimer’s 

Disease Supportive Services Program. 

Conclusion 

The Association appreciates the steadfast support of the Subcommittee and its priority setting activities. We look forward to 

continuing to work with Congress in order to address the Alzheimer’s crisis. We ask Congress to address Alzheimer’s with the same 

bipartisan collaboration demonstrated in the passage of the National Alzheimer’s Project Act (P.L. 111-375) and with a commitment 

equal to the scale of the crisis. 
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Studies of human embryos and fetuses have highlighted developmental
differences between humans and model organisms. In addition to
describing the normal biology of our own species, a justification
in itself, studies of early human development have aided identification
of candidate disease genes mapped by positional cloning
strategies, understanding pathophysiology, where human disorders
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Since the 19th century, developmental biologists
have recognized that a general plan of develop-
ment is shared among vertebrates. Writing about
vertebrate embryos, the developmentalist, Karl
Ernst von Baer (1792–1876) noted, �I am quite
unable to say to what class they belong. They
may be small lizards, or small birds, or very
young mammalia, so complete is the similarity in
the mode of formation of the head and trunk of
these animals. They extremities are still absent,
but even if they existed, in the earliest stage of
development we should learn nothing, because
all arise from the same fundamental form’ (1).
The recognition that many developmental pro-

cesses share a repertoire of transcription factors,
signaling molecules and receptors has fostered
the study of �model organisms’ from yeast to
mouse. Many model organisms offer advantages
for studying vertebrate development. Chick and
quail embryos are readily accessible for tissue
transplantation. Mice have 3-month generations
and high fecundity – the average female of many
strains will produce four to eight litters with
a litter size comprising 4–12 pups. The availabil-

ity of a fully sequenced and annotated genome,
a large repertoire of known mutants, and trans-
genic technology for modifying the genome have
made mice the model organism of choice for
many developmental genetic studies. Rats share
many of the features of mice, including a fully
sequenced and annotated genome, transgenic
technology and repertoire of known mutants
(albeit smaller) and are generally more amenable
to physiological experimentation (2). So why
study human embryos?
The answer, of course, is that model organisms

are not human. They differ from humans in size,
appearance, longevity, physiology, and perfor-
mance (3). Mouse, the most popular model,
diverged from a common ancestor 75–80 million
years ago (4). This divergence has led to
important differences in anatomy, even at the
earliest developmental stages, and in some
important biochemical pathways, such as purine
salvage (5). The laboratory mouse does not
produce monozygotic twins naturally (6). Some
human mutations, such as trinucleotide repeat
expansion, seem not to occur spontaneously in
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mice (7). The high rate of chromosomal aneus-
omy in human zygotes is not found in mice (8).
When human mutations are engineered in mice,
the phenotypes may be different from the cor-
responding phenotypes in humans and not in-
frequently associated with a normal phenotype
(9). Undoubtedly, these differences are geneti-
cally determined.
At the level of the genome, there are significant

differences in gene repertoire, organization,
imprinting, and expression. The mouse and human
genomes each contain about 30,000 protein-
coding genes. The proportion of mouse genes
without any orthologue detectable in the human
genome (and vice versa) seems to be less than 1%;
however, local gene family expansions, involving
genes related to reproduction, immunity and
olfaction, have occurred in the mouse genome,
creating lineage innovation specific to rodents.
Some secreted proteins involved with reproduc-
tion, host defense, and immune response appear
to have been under positive selection, which has
driven rapid evolution (4).
Local gene order or synteny (literally �same

thread’) has been observed for 342 conserved seg-
ments between human and mouse genomes that
vary in length, from 303 Kb to 64.9 Mb. About
90.2% of the human genome and 93.3% of the
mouse genome unambiguously reside within con-
served syntenic segments. The nature and extent
of conservation of synteny differs substantially
among chromosomes with the X chromosomes
represented as single, reciprocal syntenic blocks,
albeit with many rearrangements, and human chro-
mosome 20 corresponds entirely to a portion of
mouse chromosome 2, with nearly perfect con-
servation of order along almost the entire length.
Conservation of synteny is lower for other chro-
mosomes and may have functional significance
for development (4). In addition, regulatory con-
trol regions show less conservation than coding
regions, implying that, while exonic sequence, and
thus protein composition, may be very similar,
species differences arise from differing regulation
of gene expression.
So, in complementing the major advances of

mouse transgenic investigation, the study of the
repertoire, control and timing of gene expression
in human embryos is important for directly un-
derstanding human development. As well as this
fundamental interest in appreciating the normal
biology of our own species, which many consider
justification in itself, there are other applications
for studying early human development (Fig. 1).
These include determining expression domains
as a means of prioritizing candidate disease
genes identified by positional cloning strategies;

investigating pathophysiology, where human
disorders and diseases are not faithfully repro-
duced by models in other species; and, more
recently, a reawakening of the potential for
therapies based on human embryonic and fetal
material. Examples are described in turn.

Understanding the normal human
developmental process

Sex determination

The comparative study of sex determination and
sexual differentiation has been important for high-
lighting those features that are specific to human
development. Sex determination is the process by
which the undifferentiated gonadal ridge be-
comes a testis or an ovary. In turn, this leads to
sexual differentiation in which male and female
genitalia and other somatic characteristics develop
(10). Amongmammalian species, the cellular con-
tent and gene repertoire are similar. Homeostatic
mechanisms have been established that promote
the formation of normal gonads and block ab-
normal gonadal development and ambiguous gen-
italia. These requirements are critical for sexual
dimorphism. Subtle deviation from the estab-
lished repertoire can have a major impact on fer-
tility and, if disrupted across many members,
species viability. Abnormal sexual development
often occurs in breeding experiments between
related species.
These differences can be highlighted by study-

ing widely divergent species, such as humans and
mice. Among the differences that have been
observed are a lack of congruence in gene expres-
sion and a lack of genotype–phenotype correla-
tion when humans are compared to mice. In both
species, SRY appears to operate as a regulatory
�switch’ that causes the undifferentiated gonad to
develop as a testis. In mice, the expression of this
gene in the developing gonad peaks on a single
day of development, whereas in humans the gene
continues to be expressed once first activated (11,
12). Delayed expression of SRY in mice is asso-
ciated with formation of ovotestes, a phenome-
non that has not been observed for humans (13).
The NROB1 gene, also known as AHC, which
encodes the DAX1 transcription factor, plays
complex roles in mammalian sex determination.
When mutated, the predominant phenotype in
human males is adrenal hypoplasia congenita
and hypogonadotrophic hypogonadism (14). In
mice, the knockout phenotype includes not only
adrenal hypoplasia but also gonadal dysgenesis
(15). When duplicated, 46, XY humans develop
gonadal dysgenesis and male-to-female sex reversal,
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a phenomenon that requires significantly greater
overexpression in mice (14, 16, 17). In potential
explanation, expression of the NROB1 gene varies
between humans and mice. In the mouse, Dax1 is
expressed in male and female gonads coincident
with Sry upregulation and then downregulated
by embryonic day (E) 12, shortly after Sertoli
cells have differentiated (18). In humans, DAX1
expression commences in the indifferent gonadal
ridge prior to detectable SRY expression and con-
tinues during testicular determination in devel-
oping Sertoli cells (12). Thus, when the NROB1
gene is duplicated and overexpressed in dosage-
sensitive sex reversal, the potential �anti-testis’
properties of DAX1 could act prior to and during
SRY expression.

Germ cells

Interspecies developmental differences occur for
germ cells as well as for support cell lineages. In
the developing mouse testis, germ cells migrate
into the genital ridge and become enclosed within
testicular cords by E13. These early germ cells are
referred to interchangeably as �gonocytes’ or �pre-
spermatogonia’. In the developing human testis,

these events take place by 8 weeks of gestation.
Detailed morphological studies by immunocyto-
chemistry have revealed three distinct pop-
ulations not observed in fetal mice (19). These
have been characterized as gonocytes (OCT4pos/
C-KITpos/MAGE-A4neg), �intermediate germ
cells’ (OCT4low/neg/C-KITneg/MAGE-A4neg),
and pre-spermatogonia (OCT4neg/C-KITneg/
MAGE-A4pos). In the first trimester, most germ
cells have a gonocyte phenotype; however, from
18 weeks of gestation, pre-spermatogonia are the
most abundant cell type. Thus, functional differ-
entiation of testicular germ cells takes place in
humans during the second trimester of pregnancy
and after birth in developing mouse gonads.

Endocrinology in the fetus

The transcriptional network that regulates mam-
malian pancreas development is remarkably well
conserved (20). This is evidenced by major con-
cordance between the knockout mice and the cor-
responding human mutation phenotypes of several
genes, including those responsible for maturity
onset diabetes of the young (20). However,

Fig. 1. Some of the indications for studying human embryos and fetuses. SOX9 expression by radioactive mRNA in situ
hybridization is shown in the gonadal ridge at 48 days post-conception. Gas chromatography/mass spectrometry identifies
cortisol from the human fetal adrenal. SOX2/NESTIN1 tissue-specific stem cells/progenitors can be cultured from the
developing spinal cord. Establishment of human fetal cardiomyocyte culture permits toxicology studies of new drugs.
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humans and rodents differ once the organ has
formed; differences quite probably related to the
role of insulin in promoting growth, a develop-
mental feature which diverges progressively
between mice and men with increasing gesta-
tional age. In mice, major beta cell development
occurs at approximately E15, with islets only
appearing near birth (20). In contrast, human
beta cell development is apparent progressively
from 8 weeks of development, with islets present
by the end of the first trimester (Fig. 2) (21). In
both species, beta cells are thought not to sense
glucose under normal euglycemia; however, fetal
hyperinsulinemia and the features of macrosomia
accompany gestational diabetes in women, rein-
forcing the role of insulin as a significant growth
factor during human development. Other aspects
of endocrine development also highlight important
differences between humans and other species.
The fetal adrenal cortex, unique in higher pri-
mates, is discussed later in relation to congenital
adrenal hyperplasia (CAH). However, like the
pancreas, its biology in early human fetuses high-
lights that development is not simply an assembly
line for post-natal life. Rather, important physi-
ological function is apparent during intrauterine
existence that is important in both health and
disease.

Other examples

Differences in developmental expression have been
observed for genes in other organ systems that
account for interspecies variation in phenotype–
genotype. The myosin VIIA gene is expressed in
human and mouse cochleas. In the eye, the gene
is expressed in human photoreceptor and retinal
pigment epithelium (RPE), whereas in mouse,
only in the RPE (22). When both copies are
mutated, humans have sensorineural deafness,
vestibular dysfunction and retinitis pigmentosa,
whereas mutant mice have only the deafness and
the vestibular dysfunction.

Prioritizing candidates: gene expression
profiling to complement positional cloning
of disease genes

DiGeorge syndrome

Because of interspecies differences in gene iso-
forms and differential use of genes within the
repertoire for promoting development, analysis
of gene expression in human embryos have pro-
ven useful for positional cloning of genes. For
instance, a mutated gene that can cause the
DiGeorge phenotype of thymic aplasia and other
branchial arch abnormalities was mapped within

Fig. 2. The human early-fetal pancreas as a model for beta cell differentiation. (a) Dissection of stomach with attached
pancreas. (b) Liver has been removed. (c) The head and the body/tail of the pancreas can be isolated from surrounding
mesenchyme. (d) Explants can be taken for culture or tissue can be further processed to release the epithelial progenitor cells.
(e) The epithelial progenitor cells can be cultured when they retain cell polarity by forming ring-like structures. (f) The
cultured cells in (e) resemble the native PDX11 pancreatic progenitor cells shown in a section of fixed tissue. Sp, spleen; gb,
gall bladder; d, duodenum; s, stomach; arrows point to body and tail of pancreas; mesench, mesenchyme; dp, dorsal pancreas.
Size bar represents 3 mm (a) and 1 mm (b–c).
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the shortest region of deletion overlap of chro-
mosome 10p. BRUNOL3 (alternatively named
NAPOR, CUGBP2, ETR3), the only gene that
maps within this 300 Kb, is expressed in thymus
during different developmental stages of embry-
onic and fetal development and thus a strong
candidate for the phenotype (23).

Orofacial clefts

Expression data have been combined with genetic
linkage analysis to identify candidate genes that
can cause human orofacial clefts, a trait that is
considered to have multifactorial inheritance,
involving environmental influences and several
genes. Using SAGE libraries and Affymetrix
microarray analysis, genes were identified that
are expressed in pharyngeal arch 1 and other cra-
niofacial structures during the fourth and fifth
week of human development. Some of these genes
showed significant evidence of linkage in the pres-
ence of disequilibrium, making them candidates
for orofacial clefts (24). Many of the genes had
not been examined previously and warrant repli-
cation studies.

Studies of human development to understand
human pathology

Chromosomal abnormalities

Chromosomal abnormalities are a frequent cause
of human spontaneous abortions, observed in at
least 50% of cases (25). Of these abnormalities,
triploidy, the presence of an extra haploid set of
chromosomes, occurs in 6% of spontaneous
abortions. The triploidy arises from either
digynic (two maternal haploid genomes) or
diandric (two paternal haploid genomes) fertil-
izations. Studies using polymorphic molecular
markers have shown that most digynic triploidy
arise from errors in the second meiotic division,
whereas virtually all cases of diandric triploidy
arise from dispermy, rather than a meiotic error
as has been postulated previously (26). Trans-
cervical embryoscopy prior to dilatation and
curettage in cases of missed abortion has been
used to visualize embryos in utero, undisrupted
by instrumental evacuation or spontaneous
passage (27). When applied to triploid embryos,
17 out of 18 triploid embryos showed structural
defects, including facial anomalies, limb abnor-
malities, microcephaly, and neural tube defects.
Three embryos had disorganized growth. Em-
bryonic abnormalities were observed in triploid
embryos whose placentas showed partial hy-
datidiform moles, indicating that in aborted

triploid embryos, the presence of two paternal
genomes might have both embryonic and pla-
cental effects.
Embryoscopy has also been used to identify

fetal abnormalities in other cases of missed
abortions (28). Among 272 patients with missed
abortion, the embryo or early fetus (12 cases) was
visualized by transcervical embryoscopy in 233
cases, of which 221 were karyotyped. Among
these 233 cases, 33 had normal external features,
71 were growth disorganized, and 129 had either
isolated or multiple defects, including holopro-
sencephaly, anencephaly, encephalocele, spina
bifida, microcephaly, facial dysplasia, limb
reduction defect, cleft hand, syndactyly, pseudo-
syndactyly, polydactyly, various forms of cleft lip
and an amniotic adhesion. Abnormal karyotype
was observed in 75% of the cases. Morphological
defect with a normal karyotype was observed in
18% of cases, and no embryonic or chromosomal
abnormality could be diagnosed in 7% of the
cases. Correlation of morphological and cytoge-
netic findings in spontaneous abortion specimens
can provide useful information for genetic
counseling in couples with a history of repeated
pregnancy loss.

Congenital adrenal hyperplasia

A particularly pertinent example of studying
human development to gain insight into disease
relates to the fetal adrenal cortex, the structure
and function of which is unique in higher
primates (29). The virilization observed in CAH
due to mutations in the enzyme cytochrome P450
21-hydroxylase intricately ties the function of the
fetal adrenal cortex to sexual differentiation of
the external genitalia in humans – associations
that have not been observed in mice (30). The
formation of the human lower vagina from
evagination of the urogenital sinus has been
demonstrated by the expression of uroplakins,
which are specific molecular markers of urothe-
lial differentiation. The androgen receptor (AR)
is expressed in the epithelium and stroma of the
urogenital sinus at 9 weeks of gestation, making
these structures sensitive to the inhibitory effects
of dihydrotestosterone on formation of the lower
vagina. This promotes male development, yet
renders the female with high levels of androgen
susceptible to virilization. In contrast, the AR is
not expressed in urogenital sinus urothelium,
vaginal epithelium and Müllerian ducts at
14 weeks of development, making these tissues
insensitive to androgen (31). These temporal
changes are important.
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Female androgen exposure in the first trimester,
as in CAH, can cause major virilization of the
vagina and external genitalia. After 12 weeks,
vaginal development is unaffected and only clito-
romegaly occurs. Under normal circumstances,
adrenocortical physiology and a functional ante-
rior pituitary-adrenal axis as early as 8 weeks of
development protect the human female fetus. The
production of adrenal androgens and their
precursors in response to pituitary adrenocortical
trophic hormone (ACTH) is tempered by negative
feedback onto the anterior pituitary corticotrophs
by cortisol (32). This generationof cortisol appears
transient, diminishing by 14 weeks of development
until its more familiar role nearer term, stimulating
surfactant production by the fetal lung. Collec-
tively, these fixed tissue and functional analyses of
adrenal activity and target organ sensitivityprovide
experimental proof for the clinical need to treat the
mothers of female CAH fetuses with dexametha-
sone prior to 8 weeks of development. However,
perhaps this potent synthetic glucocorticoid, the
use of which has raised concern of long-term
programming effects (33, 34), could be withdrawn
at some point after midgestation.

When to study human embryos?

Pre-implantation human embryos

Much emphasis has been placed on studying pre-
implantation human embryos for pre-implantation
genetic diagnosis (PGD). This involves analysis
of single cells (blastomeres) removed from em-
bryos 3 days after fertilization or polar bodies
extruded from oocytes during meiosis (Fig. 3)
(35). These tests are designed to determine which
embryos are unaffected by a specific chromosomal
or single-gene disorder. Those embryos identified
as genetically normal are then transferred to the
mother in preference to embryos found to be ab-
normal. PGD for single-gene disorders is in-
tended to maximize the chances of obtaining a

healthy conceptus, while eliminating the issue of
pregnancy termination. Aneuploidy screening is
performed for infertile patients who wish to im-
prove the probability of successful in vitro fer-
tilization by transferring viable embryos with
normal chromosomes.
PGD methods have become increasingly com-

plex. For single-gene disorders, several DNA
fragments can be amplified simultaneously using
multiplex-PCR, providing redundancy that can
minimize misdiagnosis from allele dropout.
Analysis of hypervariable loci can reveal the
presence of DNA contaminants, if present. Chro-
mosomal screening using fluorescence in situ
hybridization (FISH) commonly analyzes up to
nine chromosomes per cell and are offered to
women of advanced reproductive age and those
with a history of repeated spontaneous abortion
(35). FISH using 24 centromere-specific probes
now enables analysis of the whole chromosome
complement (36). To enhance detection of sub-
microscopic chromosomal abnormalities, com-
parative genomic hybridization has been
developed, most recently involving the use of
DNA microarrays, comprising either bacterial
artificial chromosomes or oligonucleotide probes
that span the genome (37).
Where legislation allows, an additional re-

search and potentially therapeutic use for human
pre-implantation embryos is the generation of
human embryonic stem (ES) cells. These cells
represent an ill-defined in vitro conversion of the
inner cell mass of the blastocyst to produce
highly proliferative, pluripotent cells, in which
senescence is suspended (38). Although no longer
�embryonic’, it is worth noting in passing that
fundamental differences are apparent between
the ES cells of humans and mice, both in terms of
gene expression and dependence on extrinsic
factors, such as leukemia inhibitory factor (39).
Similarly, as ES cells are pluripotent and thus
capable of broad differentiation, preferences in
lineage allocation may differ. For instance,

Fig. 3. Development from the four-cell stage through blastocyst formation and organogenesis. CS, Carnegie stage; dpc, days
post-conception.
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unlike the mouse, human ES cells can give rise to
trophectoderm-like cells spontaneously either in
the presence of the growth factor, BMP4, or in
embryoid bodies (40, 41).

Human late embryos and early fetuses

Legislation, such as under the UK Human
Fertilisation and Embryology Act of 1990, may
permit studies of pre-implantation embryos
under license up to 14 days post-fertilization.
Later human development is inaccessible until
ethical approval and informed consent permits
the collection, in some countries, of the products
of first trimester social/voluntary termination of
pregnancy. Human embryos have been retrieved
from cases undergoing termination of pregnancy
from 3 weeks onward. Thus, there is a period of
early embryonic development covering critical
processes such as gastrulation that is not
accessible for analysis. There are two methods
of collection: surgical aspiration and medical
termination of pregnancy using abortifacent,
RU486 and mifepristone, both of which have
the potential to yield undisrupted material
(42). Although the embryos can be staged from
timing the conception and from sonographic
measurements, the preferred method involves the
interpretation of morphologic landmarks into 23
phases of development (Carnegie stages) that was
formalized in 1987 by O’Rahilly and Muller, and
practically revised by Bullen and Wilson (Fig. 3)
(43, 44). Carnegie stage 23 covers development
up to 56 days post-conception. Staging later first
trimester fetal development, particularly in sur-
gical specimens, relies more on measurements,
such as fetal hand and foot length, which are
equated to weeks of gestation.
Some of the earlier examples give insights into

what type of experiments can be contemplated
using human embryonic and early-fetal material.
The older first trimester material is ideally suited
to studying events such as sexual differentiation
or endocrine pancreas development from pro-
genitor to the first islets of Langerhans (21). In
contrast, younger embryonic stages are useful for
studying aspects of organogenesis. The types of
experiment are also varied.

Gene expression databases

A number of gene expression databases have
been constructed. Some of these, such as the
EST databases, include human embryonic and
fetal material rather than focus on it. More
specialized embryonic temporospatial mapping

of gene expression has been conducted on human
brain development (45). In this latter example,
anatomy can fail to identify distinct regions of
the developing central nervous system; however,
these areas become apparent once accurately
identified by discrete gene expression domains
(e.g. by immunohistochemistry or mRNA in situ
hybridization).

Functional analyses

Gene expression studies in fixed tissues are
simply descriptive, in stark contrast to experi-
ments in other model species that manipulate the
genome (e.g. transgenic mice) or trace cell
lineages (e.g. the classical experiments of devel-
opmental biology conducted in chick or frog).
The inability to perform such experiments on
intact human embryos for ethical reasons has
limited the information that can be gained.
However, improving molecular biology technol-
ogies redress this deficiency. In particular,
primary culture models, in which genes are
overexpressed or knocked down, are becoming
more commonplace (46), opening up far greater
opportunities for interrogation rather than sim-
ple observation. Primary culture models greatly
increase the information that can be obtained
compared to fixed archived tissue. For instance,
cardiomyocytes differentiated from human ES
cells may not resemble the adult cell type.
However, reassurance would be gained by
phenotypic resemblance to fetal cardiomyocytes,
in effect part differentiation, as opposed to
creating an entirely aberrant cell type, for which
cell therapy would not be contemplated. Simi-
larly, primary culture of a range of organs and
cell types offers privileged access to untrans-
formed human cells for drug toxicity screening,
potentially reducing the risk associated with first
human exposure to new drugs (47).

Isolating human stem or progenitor cell
populations

Human embryonic and fetal tissues also offer
additional stem cell populations for potential
therapeutic applications. Fetal neurons, differen-
tiated to dopamine-secreting cells, have already
been entered into clinical trials, and this para-
digm raises hope that similar strategies may be
possible for other therapeutically desirable cell
types, e.g. insulin-secreting beta cells for treating
type 1 diabetes, or cardiomyocytes for treating
cardiomyopathies or cardiac failure (48).
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In addition to human ES cells, human embry-
onic germ (EG) cells represent a potential source
of material for the production of cells for trans-
plantation medicine (49). EG cells are derived
from primordial germ cells in the developing go-
nadal ridge. Both ES and EG cells are pluripo-
tent and capable of differentiation into many
types of cells. Abnormalities in imprinted genes
are associated with human diseases, including
cancer; thus, there is concern that epigenetic de-
fects in the progeny of ES cell lines may prove
counterproductive as cell sources for transplan-
tation. At least theoretically, the selection of hu-
man EG cells prior to their imprinting specific
genes could eliminate the possibility of these
disorders (50).

How to study embryos?

Human embryos have been used for chromo-
somal, genetic and expression analyses that have
ranged in scope from single genes to whole ge-
nomes. Practical guides are available that pro-
vide methods for retrieving and handling human
embryos for research purposes (2). Data about
cell- and tissue-specific expression can be obtained
from the Gene Expression Omnibus (http://www.
ncbi.nlm.nih.gov/projects/geo). Because three-
dimensional patterns of gene expression may
have biological significance in developing human
organs, efforts have been mounted to create such
models along the lines of the resources that have
been created for gene expression patterns in
developing mice (46).
Limits exist within the scientific community for

studying human embryos. Because of concerns
involved with tampering with human life, experi-
ments that involve creation of transgenic human
embryos or embryonic chimeras have not been
condoned, even when specific regulations do not
exist.

What regulations exist for studying human
embryos?

In the USA, both Federal and state laws and
regulations govern the use of human embryos for
research. Federal regulations permit funding for
the study of human embryos provided that they
were not obtained solely for research purposes
(45 CFR 46.201-46.211). Federal funding of
human ES cell research is confined to ES cell
lines that were created prior to August 2001.
Federal funding of cloning for reproductive or
research purposes is prohibited. The Food and
Drug Administration has claimed that human
cloning technology represents an investigational

new drug and, at this time, will not approve any
human cloning projects for safety reasons (http://
www.ncsl.org/programs/health/genetics/emb-
fet.htm).
State statutes on embryonic and fetal research

have evolved with the development of new
technologies. State laws involving research on
aborted fetuses or embryos vary with many states
having restrictions. Some states permit research
with consent of the patient. The sale of fetuses or
embryos is restricted by almost half of the states.
Louisiana specifically prohibits research on in
vitro fertilized embryos. Illinois and Michigan
prohibit research on live embryos.
Currently, a great deal of attention has

centered on stem cell research derived from
existing stem cell lines, aborted or miscarried
embryos, unused in vitro fertilized embryos, and
cloned embryos. State laws involving the use of
ES cells from some or all sources vary widely.
South Dakota’s law forbids research on embryos
regardless of the source. Laws in California,
Connecticut, Massachusetts and New Jersey
encourage ES cell research, including on cloned
embryos. These states have guidelines for scien-
tists that may include consent requirements and
review and approval processes for new projects.
New Jersey and California have allocated funds
for stem cell research.
In the UK, the Human Fertilisation and

Embryology Authority carries jurisdiction on
human pre-implantation embryo research and
issues licenses, subject to regular review and re-
newal, permitting research on such material
gained with informed consent. This includes two
licenses issued to UK groups attempting the
derivation of new human ES cell lines for ther-
apeutic purposes via somatic nuclear transfer.
The acquisition of material from first trimester

termination of pregnancy in the UK follows
similar guidelines to those in the USA, based
around the recommendations of the Polking-
horne Committee, a UK Government committee
that reported in 1989. This includes the need to
separate clinical and research consent, the lack of
financial or commercial incentive for the donor,
and the need for the research consent to be
acquired by individuals remote from the planned
laboratory experiments.

Conclusions

Studies of human embryos have clearly high-
lighted developmental differences between humans
and model organisms. The work on human
developmental disorders has led to diagnostics
that have improved pregnancy outcomes for
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couples with recurrent pregnancy loss and at risk
for having fetuses with genetic disorders. The
identification of genes associated with normal
and abnormal developmental phenotypes has
made humans a �model organism’ whose findings
can then be tested in other model organisms. The
study of human embryonic development, thus,
can lead to a better understanding of develop-
mental biology in many organisms.
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• Medical research using human fetal tissue obtained from 
abortions has benefited millions of people worldwide and 
holds great promise for the continued advancement of basic 
science, as well as for the development of lifesaving vaccines 
and therapies.

• Since 1973, when abortion became legal nationwide, fetal 
tissue research has, time and again, become entangled in the 
abortion controversy.

• The current controversy—set off by a series of heavily edited 
and misleading videos—grew out of abortion opponents’ long-
standing campaign to vilify abortion and abortion providers, 
and it now threatens fetal tissue research itself.

The debate over using human fetal tissue in 
medical research came roaring back on the 
national policy agenda last summer when a 
group of antiabortion activists began 

releasing deceptively edited videos about Planned 
Parenthood’s handling of fetal tissue donations for 
this purpose. Fetal tissue research dates back to 
the 1930s, and has led to major advances in 
human health, including the virtual elimination of 
such childhood scourges as polio, measles and 
rubella in the United States.1,2 Today, fetal tissue is 
being used in the development of vaccines against 
Ebola and HIV, the study of human development, 
and efforts to treat and cure conditions and 
diseases that afflict millions of Americans.

To ensure it meets the highest ethical standards, 
fetal tissue research has been subject to strin-
gent laws and regulations for decades. Abortion 
foes are now accusing health care providers and 
researchers of violating these laws and ethical 
standards, in hopes of undermining the right to 
abortion and ending fetal tissue research. These 
attacks not only threaten sexual and reproduc-
tive health and rights, but also pose a threat to 
the large numbers of people who could benefit 
from fetal tissue research, given the wide range 
of conditions that such research might ameliorate. 
Any impediment to ongoing scientific inquiry in 
the field caused by the current controversy would 
have substantial consequences. 

Importance of Fetal Tissue Research
Unlike embryonic stem cell research, which uses 
cells from days-old embryos created through in 
vitro fertilization, fetal tissue research uses tis-
sue derived from induced abortion of pregnan-
cies at or after the ninth week.1,3 (Fetal tissue 

obtained from a miscarriage is often not suitable 
for research purposes because of concerns about 
potential chromosomal abnormalities that led to 
the miscarriage.3) Researchers most often acquire 
fetal tissue from a tissue bank or, sometimes, 
directly from a hospital or abortion clinic.4

Because it is not as developed as adult tissue and 
is able to adapt to new environments, fetal tissue 
is critical to the study of a wide variety of diseases 
and medical conditions, according to the American 
Society for Cell Biology.1 Researchers use fetal tis-
sue—and cell cultures derived from such tissue, 
which can be maintained in a laboratory environ-
ment for decades—to study fundamental biologi-
cal processes and fetal development. According 
to the U.S. Department of Health and Human 
Services, fetal tissue continues to be an important 
resource for researchers studying degenerative 
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eye disease, human devel-
opment disorders such 
as Down syndrome, and 
early brain development 
(relevant to understanding 
the causes of autism and 
schizophrenia).2 

Fetal tissue has also been 
used to develop vaccines 
that have saved and 
improved the lives of billions 
of people worldwide.1,2,5 The 
1954 Nobel Prize in Medicine 
was awarded for work using 
cell cultures originating 
from fetal tissue that led 
to the development of the 
polio vaccine. Vaccines for 
diseases such as measles, 
mumps, rubella, chickenpox, 
whooping cough, tetanus, 
hepatitis A and rabies were 
also created using fetal cell 
cultures, and researchers 
are now using fetal cells 
to develop vaccines against other diseases, 
including Ebola, HIV and dengue fever. 

In addition, researchers use fetal tissue in trans-
plantation research. Fetal tissue has several unique 
properties that make it particularly suitable for 
transplantation. Not only do fetal cells grow at a 
much faster rate than adult cells, they also elicit 
less of an immune response, which lowers the risk 
of tissue rejection.6 Clinical trials transplanting fetal 
cells are currently underway for people with spinal 
cord injury, stroke and ALS (Lou Gehrig’s disease), 
and may soon begin for those with Alzheimer’s dis-
ease, Parkinson’s disease and multiple sclerosis.1 

The National Institutes of Health (NIH) has been 
supporting research using fetal tissue since the 
1950s, and in FY 2014, NIH provided roughly $76 
million for this work.3 According to an analysis 
of NIH research grants published in Nature, NIH 
funded 164 projects using fetal tissue in 2014, 
most often for research on infectious diseases, eye 
function and disease, and developmental biology 
(see chart).7,8 

Many of the nation’s leading academic medical 
centers are involved in fetal tissue research.7,9,10 
Researchers at the University of North Carolina 
at Chapel Hill are using cell cultures derived from 
fetal tissue for their work on hepatitis B and C—
specifically, on how the viruses evade the human 
immune system and cause chronic liver diseases. 
At the University of Wisconsin-Madison, fetal cell 
cultures are used to study heart disease, includ-
ing sudden cardiac arrest. At Stanford University, 
fetal tissue has been used to study Huntington’s 
disease, juvenile diabetes, autism and schizophre-
nia. And scientists at Colorado State University are 
conducting HIV research using fetal tissue.

Federal Law and Regulation
Soon after the U.S. Supreme Court’s Roe v. Wade 
decision in 1973 legalizing abortion nationwide, 
antiabortion leaders in Congress seized on fetal 
tissue research as a weapon in the war against 
abortion. Fetal tissue research was perhaps an inev-
itable target: It provided an aura of legitimacy to 
abortion itself and, at the same time, could be eas-
ily exploited to show how abortion “dehumanizes” 
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The National Institutes of Health provides grants for a wide array of fetal tissue 
research projects. 

Note: Data are for fiscal year 2014. Source: Nature.
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the fetus.11 Accordingly, antiabortion activists 
employed graphic visuals to shock members of 
Congress, try to personify the fetus, and demonize 
abortion providers and the procedure itself. 

This first incarnation of the controversy coin-
cided with public revelations about the infamous 
Tuskegee syphilis study—a study that enrolled 
black men living in Alabama to investigate the 
long-term effects of syphilis. In 1973, an ad hoc 
advisory panel convened by the Department 
of Health, Education and Welfare (now the 
Department of Health and Human Services) con-
cluded that, in retrospect, the study was “scien-
tifically unsound” and “ethically unjustified.”12 In 
response to the Tuskegee revelations, Congress 
felt pressure to create protections for human 
research subjects, and by 1974, Congress passed 
the National Research Act. The law created the 
National Commission for the Protection of Human 
Subjects of Biomedical and Behavioral Research 
to develop guidelines on the ethical principles that 
apply to research on all human subjects, as well 
as on particular principles that apply to research 
involving fetuses and using fetal tissue. 

The commission’s report on research on the fetus, 
issued in 1975, led to the creation of regulations 
during the Ford administration that set out the 
rules of the road for federally funded fetal tis-
sue research. The regulations—which are still in 
effect—specify that “no inducements, monetary or 
otherwise, will be offered to terminate a pregnan-
cy.” They also provide that “individuals engaged in 
the research will have no part in any decisions as 
to the timing, method, or procedures used to ter-
minate a pregnancy.”

Fetal tissue research receded as a political issue 
until the late 1980s, when a group of NIH scientists 
sought approval from the Reagan administration 
for a proposed project involving the transplan-
tation of fetal tissue. After deliberating on the 
request, the administration appointed an advisory 
panel—which included a chair and several mem-
bers who were well-known opponents of abortion 
rights—to examine the ethical, legal and scientific 
questions raised by this type of research. In 1988, 
the panel issued its report and, despite its mixed 
composition, it concluded that “in light of the 

fact that abortion is legal and that the research in 
question is intended to achieve significant medi-
cal goals…the use of such tissue [for research] is 
acceptable public policy.”13

Key recommendations of the panel were later 
codified into law with the passage of the NIH 
Revitalization Act of 1993. The legislation won 
broad bipartisan support in Congress, including 
from several prominent senators with solid anti-
abortion records. Among them were Sens. Robert 
Dole (R-KS), a longtime advocate for people with 
disabilities, and Strom Thurmond (R-SC), who had 
a daughter with juvenile diabetes.14,15

 The NIH Revitalization Act of 1993 added several 
provisions to the existing regulations governing 
fetal tissue research. One such provision prohibits 
anyone from accepting payment for human fetal 
tissue other than “reasonable payments associ-
ated with the transportation, implantation, pro-
cessing, preservation, quality control, or storage 
of human fetal tissue.” Thus, although individuals 
may be compensated for any costs they incur in 
the acquisition, receipt or transfer of fetal tissue, 
they are prohibited from making a profit from 
these activities, regardless of whether the project 
is federally funded or not. 

The law also imposes additional requirements 
when the donated tissue is used in federally 
funded research involving the transplantation 
of fetal tissue for therapeutic purposes. Among 
these are provisions for informed consent and 
prohibiting physicians and researchers from alter-
ing the timing or method used to terminate the 
pregnancy solely for the purposes of obtaining 
the tissue. Although all of these requirements 
technically apply only to federally funded trans-
plantation research, as a practical matter, they set 
the standard for all research using fetal tissue. 
For example, the policies and procedures for fetal 
tissue donation issued by Planned Parenthood 
Federation of America and by the National 
Abortion Federation incorporate the substance of 
these federal requirements.16,17

State Policies
At the state level, fetal tissue donation is regu-
lated by the Uniform Anatomical Gift Act (UAGA), 
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versions of which are in effect in every state.13,18 
According to an analysis by the Guttmacher 
Institute, 38 states and the District of Columbia 
have UAGA laws that explicitly treat fetal tissue 
the same way as other human tissue, permitting it 
to be donated by the woman for research, therapy 
or education. The remaining 12 states have laws 
that are silent, neither allowing nor disallowing 
the donation of fetal tissue (see map). UAGA also 
prohibits profiting from the sale or purchase of 
anatomical gifts for transplantation or therapy.

Fetal tissue donation and research are also regu-
lated in some states by specific statutes. Often, 
these statutes incorporate many of the same 
standards set by federal law and regulations. For 
example, 12 states prohibit making a profit from 
the donation or transfer of fetal tissue for research 

purposes, and eight states require the woman’s 
consent for research. 

Five states have laws that ban research using fetal 
tissue obtained from abortions throughout preg-
nancy. (Four other states also ban research using 
postabortion fetal tissue, but these laws have been 
struck down by the courts.) One of these states with 
a ban in effect, Indiana, also has a law that requires 
the disposal of postabortion fetal tissue in an estab-
lished cemetery or by cremation, presumably pre-
cluding any possibility of donation for research. 

Political Firestorm
The current furor over the use of fetal tissue in 
research ignited last summer, after the release 
of heavily edited videos purporting to capture 
undercover sting operations targeted at Planned 
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Note: Three additional states have laws that apply only to abortion after viability. Kentucky prohibits experiments using tissue from a postviability abortion. 
Nebraska and Wyoming prohibit “giving away, sale, transfer or distribution” of tissue from a postviability abortion.

In the states, fetal tissue donation is generally governed by the Uniform Anatomical Gift Act (UAGA). In 
addition, many states have specific statutes on fetal tissue donation and research.
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Donation explicitly permitted under UAGA (TOTAL = 38+DC)

Donation not addressed under UAGA (TOTAL = 12)

Prohibits profiting from fetal tissue donation or procurement (TOTAL = 12)

Requires consent before fetal tissue is donated (TOTAL = 8)

Bans all fetal tissue research (TOTAL = 5)
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Parenthood. The series of videos—released in 
close cooperation with members of Congress 
who want to ban abortion19—show an antiabor-
tion activist posing as a representative of what 
turned out to be a sham biomedical research com-
pany, in frank discussions with various Planned 
Parenthood officials about tissue donation policies 
and reimbursement.

The fallout from the videos has been swift, severe 
and wide-ranging. The stated targets are Planned 
Parenthood, abortion providers and the legitimacy 
of abortion. The videos also threaten to undermine 
fetal tissue research itself, however, by sowing 
confusion, and by using graphic descriptions and 
images to turn the public against this research. 

The primary goal of this current campaign has 
been to portray Planned Parenthood as cal-
lous and its providers as possibly criminal. 
Antiabortion policymakers have accused Planned 
Parenthood of violating several provisions of the 
NIH Revitalization Act of 1993, such as profiting 
from the sale of fetal tissue and altering the abor-
tion procedure solely for the purpose of obtaining 
tissue. Opponents of abortion have also accused 
providers of using a procedure that violates the 
so-called “partial birth” abortion ban. As an insti-
gator of the videos, David Daleiden explained in 
an interview with Politico, “For me, the goal was 
to document and illustrate for the public really, 
really clearly how Planned Parenthood harvests 
and sells the body parts of the babies that they 
abort.”20

Antiabortion elected officials ran with this narra-
tive and immediately called for investigations of 
the organization. In October 2015, congressional 
leaders formed a special committee to carry out an 
official inquiry into Planned Parenthood—bringing 
the total number of investigations into Planned 
Parenthood in the House and Senate to five since 
the first video was released. In January 2016, the 
House’s first substantive piece of business was 
yet another attempt to cut off funding for Planned 
Parenthood, one of several such efforts recently 
to scale back abortion rights and women’s health 
care. Also, officials in 11 states have concluded 
investigations into claims that Planned Parenthood 
profited from fetal tissue donation, and each one 

of these investigations has cleared the organiza-
tion of wrongdoing.21

Nonetheless, the grandstanding has continued 
unabated. Antiabortion leaders, lawmakers and all 
the Republican presidential candidates have used 
the opportunity to demonize abortion and paint 
a ghoulish picture of organ harvesting, all in an 
effort to gin up public disgust and attract public 
support for themselves and against abortion and 
Planned Parenthood. Indeed, the videos and the 
hype around them appear to have provoked at 
least four arson attacks on Planned Parenthood 
clinics since July 2015 and set the stage for yet 
another extreme act of violence in Colorado 
Springs over Thanksgiving weekend.10 It was 
there that Robert Lewis Dear Jr. allegedly killed 
three people and injured nine others at a Planned 
Parenthood health center. During his arrest, Dear 
shouted “no more baby parts,” suggesting that the 
constant barrage of inflammatory rhetoric around 
the fetal tissue issue over the prior months played 
a role in triggering his actions.22

High Stakes
Beyond the attacks on Planned Parenthood, how-
ever, the use of fetal tissue in research also is 
under direct attack. Since July, bills have been 
introduced in Congress and in several states that 
would make it more difficult to donate tissue or 
use fetal tissue in research. Other bills would ban 
fetal tissue research outright. This trend is almost 
certain to continue through 2016 as the issue is 
sure to be exploited in state and federal elections. 

Meanwhile, the videos appear to have had a chill-
ing effect on science. According to Theresa Naluai-
Cecchini, a scientist at the Birth Defects Research 
Laboratory at the University of Washington (a 
federally funded entity that has served as a source 
of donated fetal tissue to researchers nationwide 
for more than 50 years), tissue donations have 
dropped dramatically since July 2015.10 Naluai-
Cecchini told Mother Jones that if this trend con-
tinues, research that may save lives would take 
considerably longer. 

Some scientists involved in fetal tissue research 
have been afraid to speak out.7 They have seen 
how abortion providers have been targeted, 
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and now they too fear for their personal safety. 
Others have spoken out strongly to defend the 
importance of their work, pointing out that tissue 
that would otherwise be discarded has played 
a vital role in lifesaving medical advances and 
holds great promise for new breakthroughs. In an 
October 2015 open letter to Congress, 41 scientists 
called for the end to political interference with 
science and research: “Fetal tissue research has 
already saved and improved the lives of count-
less people. [We] cannot allow political agendas 
to undermine our nation’s legacy of leadership 
in medical and scientific innovation.”23 In another 
action, the Association of American Medical 
Colleges released a statement on January 6, 2016 
signed by 59 academic medical centers, scientific 
societies and allied groups—from the University 
of Alabama School of Medicine to Duke University 
School of Medicine, from the University of 
Wisconsin-Madison to Tulane University School of 
Medicine.24 The statement expresses “grave con-
cerns” about the numerous legislative proposals 
now in play in Congress and in many states, and 
it calls on lawmakers to reject any proposals that 
restrict access to fetal tissue for research.

Ironically, in the wake of all the heightened focus 
on fetal tissue donation, Planned Parenthood 
officials report they have seen an uptick in the 
number of women obtaining abortion who request 
that the fetal tissue be donated to research. The 
role that Planned Parenthood plays in providing 
postabortion tissue to researchers, however, is 
small: Just 1% of the approximately 700 health 
centers that are part of the Planned Parenthood 
network are equipped for fetal tissue donation. 
And in another response to the disinformation 
campaign and to try to quell some of the contro-
versy, Planned Parenthood announced in October 
2015 that its clinics will no longer seek reimburse-
ment for their costs related to fetal tissue dona-
tion, even though the practice is perfectly legal 
and commonplace.

Bioethicist R. Alta Charo has argued that 
enabling the use of fetal tissue to advance scien-
tific research for the benefit of humankind must 
be seen as something of a moral imperative. 
“Virtually every person in this country has ben-
efited from research using fetal tissue,” she wrote 

in the New England Journal of Medicine. “Every 
child who’s been spared the risks and misery of 
chickenpox, rubella, or polio can thank the Nobel 
Prize recipients and other scientists who used 
such tissue in research yielding the vaccines that 
protect us….Any discussion of the ethics of fetal 
tissue research must begin with its unimpeachable 
claim to have saved the lives and health of mil-
lions of people.”25 

As the full impact of the current firestorm sur-
rounding fetal tissue research is still unfolding, it 
remains to be seen how much this research will 
continue be used as a weapon against abortion 
or become a serious target itself—or both. To be 
sure, the current controversy threatens not just 
access to safe and legal abortion and the providers 
who care for the women who seek this essential 
health service. It also threatens the millions of 
people globally who could benefit from fetal tissue 
research—and that includes nearly all of us, what-
ever our views on abortion rights may be. 
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History of Polio ( Poliomyelitis )
Few diseases frightened
 parents more in the early
 part of the 20th century
 than polio did. Though
 most people recovered

 quickly from polio, some suffered
 temporary or permanent paralysis and
 even death. MORE

Debunked: The Polio Vaccine and HIV
 Link

In the 1990s, journalist
 Edward Hooper wrote a
 book claiming that an oral
 polio vaccine had been the
 source of the HIV/AIDS

 epidemic. Evidence does not support
 his conjecture. MORE

Which three researchers

En españolEarly Tissue and Cell Culture in Vaccine
 Development

In order to develop vaccines that could be
 mass-produced, researchers first had to grow
 the viruses or bacteria with which to develop
 those vaccines – in large quantities and with
 great consistency. Compared with bacteria,
 which can be grown in a laboratory
 environment when placed in a suitable
 growth medium, viruses cannot reproduce on
 their own and require living cells to infect.
 After a virus infects a cell, it uses the cell’s
 own components to produce more copies of
 itself.

So while material for early bacterial vaccines
 could be grown in a lab without laboratory
 animals, researchers trying to develop
 material for viral vaccines faced an additional
 challenge. With techniques for growing
 viruses outside of live hosts not yet available,
 they were limited to obtaining materials from
 infected animal hosts.

During the early efforts to develop a vaccine
 against polio, researchers discovered that
 the virus could cause disease not only in
 humans but also in monkeys. This led to early field trials in the 1930s of vaccine candidates
 developed using material taken from polio-infected monkeys, such as monkey spinal cords.
 These candidates proved to be dangerous, sometimes causing paralysis in the limb where the
 vaccine was administered; vaccines derived using nervous system tissue have a higher side
 effect profile than those developed using other methods (the myelin in the vaccine material can
 stimulate an adverse neurological reaction). The trials ceased, and researchers moved on with
 the goal of finding another way to grow the virus for vaccine development.

The Promise of Cell Culture in Vaccine Development
Hopes of growing poliovirus in the lab without the use of live animals drove many of the
 researchers in the 1930s and 1940s. Cell cultures involve growing cells in a culture dish, often
 with a supportive growth medium like collagen. They offer a level of control that was unavailable
 using live animals, and can also support large-scale virus production. (For more about cell
 cultures and cell lines, as well as cell lines made using human cells, see our article “Human Cell
 Strains in Vaccine Development.”) Early efforts to grow poliovirus in culture, however, repeatedly
 ended in failure.

In 1936, Albert Sabin and Peter Olitsky at the Rockefeller Institute successfully grew poliovirus in
 a culture of brain tissue from a human embryo. The virus grew quickly, which was promising, but
 Sabin and Olitsky were concerned about using this as starting material for a vaccine, fearing
 nervous system damage for vaccine recipients. They tried to grow poliovirus in cultures using
 tissue that had been taken from other sources, but were unsuccessful.

Breakthrough in Boston
Thirteen years after Sabin and Olitsky’s success with growing poliovirus in brain tissue,
 researchers at the lab of John Enders at the Children’s Hospital in Boston successfully grew the
 virus in a culture of skin and muscle tissue from a human embryo—in a very fortunate
 happenstance. At the time, the researchers were focused on trying to isolate and grow varicella,
 the chickenpox virus. They had already succeeded in growing mumps and influenza viruses and
 had moved on to varicella, which they knew grew in human cells. After preparing flasks with
 human embryonic tissue, they inoculated four flasks with throat washings from chickenpox
 patients. Another four flasks were inoculated with a strain of poliovirus as a control group. The
 chickenpox virus did not grow in this case, but to the researchers’ great surprise, poliovirus did.

They went on to grow two other strains of poliovirus, and in many different types of human
 embryonic tissue, without using nervous system tissue. They were able to grow the virus rapidly
 and to very high concentrations using the “roller tube” apparatus created by researcher George
 Otto Gey in the 1930s. (Gey also established perhaps the most famous human cell line, the
 HeLa, or Henrietta Lacks line.) While many tissue cultures at the time were done in flasks, Gey
 realized that the environment in the flask did not adequately simulate the environment inside a
 living body, where tissues are exposed to periods of nutrients being supplied as well as waste

Wellcome Library, London
One stage in the preparation of the rabies vaccine:
 a rabbit brain on a square of muslin. Pasteur
 Institute, India, circa 1910.

B-196

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 225 of 461
(270 of 506)



Early Tissue and Cell Culture in Vaccine Development — History of Vaccines

http://www.historyofvaccines.org/content/articles/early-tissue-and-cell-culture-vaccine-development[6/7/2016 2:29:37 PM]

 were in a race to develop a
 polio vaccine?

Albert Sabin, David Bodian,
 and Jonas Salk

Maurice Hilleman, Hilary
 Koprowski and Jonas Salk

David Bodian, Albert Sabin,
 and Maurice Hilleman

Jonas Salk, Albert Sabin, and
 Hilary Koprowski

 removal. Instead of a flask, he placed tissue on the sides of test tubes, and then placed the tubes
 horizontally into holes in a wooden cylinder. The cylinder slowly turned like a wheel, rotating the
 tubes so that the tissue would alternate coming into contact with air and a nutrient fluid added to
 the tube.

The researchers in Enders’s lab used the same technique, growing poliovirus much more rapidly
 than could be achieved in static flasks. For demonstrating that poliovirus could be reliably grown
 without using nervous tissue, Enders and his colleagues Thomas Weller and Frederick Robbins
 were awarded the Nobel Prize in Physiology or Medicine in 1954.

Their discovery proved to be the breakthrough needed to develop a polio vaccine. In 1951, Jonas
 Salk and his colleagues at the University of Pittsburgh found that poliovirus could also be
 propagated on a large scale in monkey kidney cells.

Over time, most vaccine development efforts shifted to the use of cell strains—cultures made up
 of only a single type of cell. These strains can be derived from tissue cultures, which contain
 multiple types of cells; while viruses can be grown in tissue cultures, cell strains allow for
 continuous observation and control that may not be possible in cultures containing multiple types
 of cells. This same transition was made in the development of polio vaccines; a monkey kidney
 cell strain is used to grow poliovirus for the inactivated polio vaccine made today.

Current Vaccines Developed Using Animal Cell Strains
Today, many different animal cell strains are available for use in scientific research and
 development. Several vaccines currently available in the United States were developed using the
 Vero cell line, started from African green monkey kidney cells:

Rotavirus vaccines [Rotarix/GlaxoSmithKline, RotaTeq/Merck]

Polio [IPOL/Sanofi Pasteur]

Smallpox [ACAM2000/Sanofi Pasteur – Used only for selected military personnel]

Japanese encephalitis [Ixiaro/Intercell – Used only for those traveling to areas with known
 outbreaks of disease]

Future U.S. vaccines may use other animal cell strains, including the Madin Darby Canine Kidney
 (MDCK) line, which was started in 1958 with kidney cells from a cocker spaniel. (Some European
 vaccines are already made using MDCK.)

Sources and Additional Reading
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 Accessed 01/04/2016.

GlaxoSmithKline. Package Insert – Rotavirus Vaccine, Live, Oral. 2011. Available at
http://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM133539.pdf.

 (425 KB) Accessed 01/04/2016.

Intercell Biomedical. Package Insert - Japanese Encephalitis Vaccine, Inactivated, Adsorbed.
 2010. Available at
http://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM142570.pdf.

 (224 KB). Accessed 01/04/2016.

Merck & Co., Inc. Package Insert – Rotavirus Vaccine, Live, Oral, Pentavalent. 2011. Available at
http://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM142288.pdf.

 (261 KB). Accessed 01/04/2016.

Sanofi Pasteur. Package Insert – Poliovirus Vaccine Inactivated. 2013. Available at
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 (140 KB). Accessed 01/04/2016.
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Assessment Questions
Before the 1950s, why was it difficult to grow viruses in labs?

A) Viruses would get contaminated with bacteria.

B) A method for growing them outside a live animal host had not been developed.

C) Viruses were not recognized yet.

D) All of the above

Which virus drove a great deal of the interest in developing tissue and cell culture
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 techniques?

A) Smallpox virus

B) The common cold virus

C) Cholera

D) Poliovirus

What is a cell strain?

A) A culture made of a single type of cell

B) A tissue culture

C) A culture of many types of cells

D) A virus

View Progress

View Mobile Website Legal Resources Glossary Credits Email Sign-up Donors Contact

© 2016 The College of Physicians of Philadelphia

B-198

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 227 of 461
(272 of 506)



 

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 228 of 461
(273 of 506)



B-199

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 229 of 461
(274 of 506)



B-200

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 230 of 461
(275 of 506)



B-201

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 231 of 461
(276 of 506)



B-202

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 232 of 461
(277 of 506)



 

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 233 of 461
(278 of 506)



Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.

Fetal Research
Hansen, John T;Sladek, John R, Jr
Science; Nov 10, 1989; 246, 4931; ProQuest Central
pg. 775
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Sixty years ago, polio was one of the most

 feared diseases in the U.S.

As the weather warmed up each year, panic over

polio

 "polio season." Public swimming pools were

 shut down. Movie theaters urged patrons not to

 sit too close together to avoid spreading the

 disease. Insurance companies started selling

 polio insurance for newborns.

� VIEW SLIDESHOW 111 of 16f

On April 12, 1955, Dr. Jonas Salk and his research team at the University of Pittsburgh released the
 first successful vaccine for polio. In 1979, the U.S. reported its last case of the paralyzing virus.
COURTESY OF IMAGES FROM THE HISTORY OF MEDICINE (NLM).
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The fear was well grounded. By the 1950s, polio

 had become one of the most serious

 communicable diseases among children in the

 United States.

In 1952 alone, nearly 60,000 children were

 infected with the virus; thousands were

 paralyzed, and more than 3,000 died. Hospitals

 set up special units with iron lung machines to

 keep polio victims alive. Rich kids as well as

 poor were left paralyzed.

Then in 1955, the U.S. began widespread

 vaccinations. By 1979, the virus had been completely eliminated across the country.

Now polio is on the verge of being eliminated from the world. The virus remains endemic

 in only two parts of the globe: northern Nigeria and the border between Afghanistan and

 Pakistan.

 polio. We kick off with a look back at how the U.S. and the rest of the world wiped out

 the virus for good.

 larger outbreak struck New York City in 1916, with more than 27,000 cases and 6,000

 deaths. As the number of polio cases grew, the paralytic disease changed the way

 Americans looked at public health and disability.

Franklin D. Roosevelt contracted polio 12 years before he became president. Roosevelt

 concealed the extent to which he suffered from polio, but he acknowledged having it.

 His presidency put polio front and center on the national stage. In 1938, Roosevelt

 founded the National Foundation for Infantile Paralysis and spearheaded the March of

 Dimes for polio research. In 1946, President Harry Truman declared polio a threat to the

 United States and called on Americans to do everything possible to combat it.
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 speech broadcast from the White House. "It must be nationwide. It must be total war in

 every city, town and village throughout the land. For only with a united front can we ever

 hope to win any war."

"Polio was a fear of parents throughout this country," says Dr. John L. Sever, recalling

 his childhood in Chicago. He later helped launch the Rotary International's global drive

 against polio.

Early attempts to develop a vaccine ran into numerous hurdles. A vaccine tested on

 10,000 children by two researchers at New York University provided no immunity and

 left nine children dead. Other vaccine trials used "volunteers" at mental institutions.

At the University of Pittsburgh, Jonas Salk launched what was then the largest human

 trial in history, injecting nearly 2 million American kids with a potential vaccine. When it

 was announced that his vaccine worked, Salk was hailed as a humanitarian hero.

Famed CBS newsman Edward R. Murrow asked Salk who owned the patent to his

 vaccine. The scientist replied: "There is no patent. Could you patent the sun?"

The battle of science against disease, however, wasn't as smooth and simple as movie

 house newsreels from the time depicted it. At one point, a botched batch of vaccine

 paralyzed and even killed some of the recipients.

Salk's main rival in the vaccine race, Albert Sabin at Cincinnati Children's Hospital,

 couldn't gain political support in the U.S. for what he viewed as his superior vaccine. So

 at the height of the Cold War, he tested it in the Soviet Union instead.

Both Salk's and Sabin's vaccines are still used today. But Sabin's version, which

 requires just two drops in a child's mouth, proved much easier to use in mass

 immunization campaigns.

Sever says this oral vaccine was key to wiping out polio in the developing world: "After

 all, if you could count to two, you could be an immunizer."

The U.S. recorded its last case of polio in 1979, among isolated Amish communities in
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 several states. Then the effort to eradicate polio globally began in earnest. The Western

 Hemisphere reported its last case, in Peru, in 1991.

In 1988, the World Health Organization set a new goal: eliminate polio. Since then,

 international institutions have poured billions of dollars into the eradication effort.

 They're getting very close to their target: So far this year, there have been fewer than

 200 polio cases globally.

But the intensive immunization efforts against polio right now can't let up at all, warns

Joel Breman at the National Institutes of Health.

"We've seen what can happen when there's any break in the chain," Breman says. "In

 2003 and 2004, northern Nigeria stopped vaccinating, even though they had endemic

 transmission. And boom! Twenty-one other countries that claimed and had proven to

 have eliminated polio became reinfected all over."

Copyright 2013 NPR. To see more, visit http://www.npr.org/.

Transcript

ROBERT SIEGEL, HOST:

From NPR News, this is ALL THINGS CONSIDERED. I'm Robert Siegel.

MELISSA BLOCK, HOST:

And I'm Melissa Block.

Polio was once one of the most feared diseases in America. Now it's on the verge of

 eradication. Cases of the paralytic disease, which is spread mainly through infected

 feces, have dropped from hundreds of thousands a year in the 1950s to just a few

 hundred today. And the virus remains endemic in only two parts of the world - northern
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 the vaccines that helps turn the tide.

JASON BEAUBIEN, BYLINE: Polio been around for centuries. But it gained momentum

 hit Vermont in 1894. A larger outbreak struck New York City in 1916. As the number of

 polio cases grew, the paralytic disease changed the way Americans looked at public

 health and disability.

In 1921 Franklin Delano Roosevelt contracted polio. Twelve years later, he was

 inaugurated as president.

PRESIDENT FRANKLIN DELANO ROOSEVELT: I, Franklin Delano Roosevelt, do

BEAUBIEN: FDR concealed the extent to which he suffered from polio but he

 acknowledged having it. His presidency put polio front and center on the national stage.

 In 1938, Roosevelt founded the National Foundation for Infantile Paralysis and he

 spearheaded the March of Dimes for polio research. Tens of thousands of people all

 across the country were being paralyzed each year by the disease. Special hospital

 wards were set up with iron lungs to keep polio victims alive.

In the wake of World War II, President Harry Truman declared polio a threat to the

 United States and called on Americans to do everything possible to combat it.

(SOUNDBITE OF ARCHIVED SPEECH)

 war, it must be nationwide. It must be total for every city, town, and village throughout

 the land. For only with a united front can we ever hope to win any war.

BEAUBIEN: By the early 1950's polio was a leading killer of American kids. Dr. John L.

 Sever spent decades working as part of Rotary International's global campaign against

 of the disease.
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DR. JOHN L. SEVER: It was really feared.

BEAUBIEN: Rich kids as well as poor were being left paralyzed. Late summer was

 dubbed polio season. Public swimming pools were shutdown, insurance companies

 even sold polio insurance for newborns.

SEVER: The fear of having your child get this and being paralyzed for life, possibly

 dying of polio, was a fear of parents throughout this country.

BEAUBIEN: Early attempts to develop a vaccine against ran into numerous hurdles. A

 vaccine tested on 10,000 kids by two researchers at New York University provided no

 immunity and left nine children dead. Other vaccine trials injected volunteers at mental

 institutions with potential polio vaccines. Scientists were struggling to cultivate the virus

 in laboratory settings.

Jonas Salk, from the University of Pittsburg, launched what was then the largest human

 vaccine trial in history, involving nearly two million American kids.

(SOUNDBITE OF A NEWSREEL)

 medical hurdle was crossed with the discovery by Dr. Jonas Salk of the Anti-Polio

 Vaccine, which was to spread a mantel of protection over millions of American children.

BEAUBIEN: Salk was hailed as a humanitarian hero. Famed CBS newsman Edward R.

 Murrow asked Salk who owned the patent to his miraculous vaccine. Salk replied, there

 is no patent. Could you patent the sun?

The battle of science versus disease, however, wasn't as smooth and as simple as

 newsreels from the time depicted it. A production mistake at a lab producing Salk's

 vaccine exposed thousands of children to the live polio virus, paralyzing dozens of them

 Children's Hospital, had to go to the Soviet Union at the height of the Cold War to test

 his polio vaccine.
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Both Salk and Sabin's vaccines are still used today but Sabin's version, which requires

 just two drops in a child's mouth, proved much easier to use in mass immunization

 campaigns. And Sever, with Rotary International, says the simplicity of Sabin's oral

 vaccine was key to wiping out the disease in much of the developing world.

SEVER: After all, if you could count to two, you could be an immunizer.

(LAUGHTER)

BEAUBIEN: The last U.S. cases of polio occurred in 1979 among isolated Amish

 communities in several states. And then efforts to eradicate polio globally began in

 earnest.

CIRO DE QUADROS: Yeah, my name is Ciro de Quadros and I'm the executive vice

 president of the Sabin Vaccine Institute here in Washington, D.C.

BEAUBIEN: De Quadros led the World Health Organization's drive in the 1980s to

 eliminate polio from the Americas. And the last case in the Western Hemisphere was

 reported in Peru in 1991. De Quadros also led the campaign to wipe out smallpox. He

 says smallpox was easier to tackle.

QUADROS: You know, smallpox was a disease that you could see in the face of the

 people. You don't need to have a sophisticated laboratory, you know, and transport of

 specimens here and there. Then you had a vaccine which was heat stable. You could

 put your vaccine in the pocket and go around and vaccinate.

BEAUBIEN: Polio, on the other hand, can be a complicated diagnosis. The polio vaccine

 isn't nearly as effective as the one for smallpox. And it needs to be kept refrigerated or

 it's useless.

QUADROS: Polio vaccine, you know, is a vaccine that has interference with other

 enteroviruses in the environment, so that you need to give several doses, you know,

 until you reach a good level of immunity. You need to repeat that again, again and

 again, both in the routine (unintelligible) and through mass campaigns. And you can

 imagine that it's totally different than the smallpox.
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RELATED PROGRAM: ALL THINGS CONSIDERED

BEAUBIEN: Smallpox was declared eradicated in 1980. In 1988, the World Health

 Organization set a new goal of doing the same to polio by the year 2000. That target

 obviously was missed. Groups such as UNICEF, the World Health Organization, the Bill

 and Melinda Gates Foundation, and Rotary International have poured billions of dollars

 into the effort to rid the world of polio and the are very close to their goal. So far this

 year, there have been fewer than 200 polio cases globally.

Joel Breman, at the National Institutes of Health, however warns that the intensive

 immunization efforts against polio right now can't let up at all.

JOEL BREMAN: We've seen what can happen when there's any break in the chain.

 About 2003 and '04, northern Nigeria stopped vaccinating even though they had

 endemic transmission - and boom, 21 other countries that had proven to have

 eliminated polio became re-infected all over.

BEAUBIEN: Nigeria, Afghanistan, and Pakistan are the only countries where polio still

 virus can be eradicated in one of Africa's most chaotic nations.

Jason Beaubien, NPR News. Transcript provided by NPR, Copyright NPR.
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Abstract
Advance health care directives and informed consent remain the cornerstones of patients' right to
self-determination regarding medical care and preferences at the end-of-life. However, the
effectiveness and clinical applicability of advance health care directives to decision-making on the
use of life support systems at the end-of-life is questionable. The Uniform Anatomical Gift Act
(UAGA) has been revised in 2006 to permit the use of life support systems at or near death for
the purpose of maximizing procurement opportunities of organs medically suitable for
transplantation. Some states have enacted the Revised UAGA (2006) and a few of those have
included amendments while attempting to preserve the uniformity of the revised Act. Other states
have introduced the Revised UAGA (2006) for legislation and remaining states are likely to follow
soon.

The Revised UAGA (2006) poses challenges to the Patient Self Determination Act (PSDA)
embodied in advance health care directives and individual expression about the use of life support
systems at the end-of-life. The challenges are predicated on the UAGA revising the default choice
to presumption of donation intent and the use of life support systems to ensure medical suitability of
organs for transplantation. The default choice trumps the expressed intent in an individual's
advance health care directive to withhold and/or withdraw life support systems at the end-of-life.
The Revised UAGA (2006) overrides advance directives on utilitarian grounds, which is a serious
ethical challenge to society. The subtle progression of the Revised UAGA (2006) towards the
presumption about how to dispose of one's organs at death can pave the way for an affirmative
"duty to donate". There are at least two steps required to resolve these challenges. First, physicians
and hospitals must fulfill their responsibilities to educate patients on the new legislations and
document their preferences about the use of life support systems for organ donation at the end-
of-life. Second, a broad based societal discussion must be initiated to decide if the Revised UAGA
(2006) infringes on the PSDA and the individual's right of autonomy. The discussion should also
address other ethical concerns raised by the Revised UAGA (2006), including the moral stance on
1) the interpretation of the refusal of life support systems as not applicable to organ donation and
2) the disregarding of the diversity of cultural beliefs about end-of-life in a pluralistic society.
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Background
In 1990, the U.S. Congress passed the Patient Self-Deter-
mination Act (PSDA) reinforcing individuals' rights to
determine their final health care. The PSDA became effec-
tive in 1991 so that patients can make decisions about
their medical care and specify whether they want to accept
or refuse specific medical care [1]. Patients' wishes can be
clearly documented at an earlier point of time in advance
health care directives and/or patients can identify legally
authorized representatives to make health care decisions
(power-of-attorney for health care) on their behalf in the
event of an incapacitating illness.

The PSDA requires Medicare and Medicaid providers,
including hospitals, to give adult individuals, at the time
of inpatient admission, certain information about their
rights under state laws governing advance health care
directives, including: (1) the right to participate in and
direct their own health care decisions; (2) the right to
accept or refuse medical or surgical treatment; (3) the
right to prepare advance health care directives and (4)
information on the provider's policies governing the utili-
zation of these rights [2].

Scope of advance health care directives
Almost 16 years later, advance health care directives and
power-of-attorney for health care still play a limited, yet
important, role in assisting with health care decisions
about the use of life support systems and medical technol-
ogies at the end-of-life [3]. About 21% of critically ill
patients admitted to intensive care units for life support
systems at the end-of-life have formal advance health care
directives [4].

Criticisms have been rightfully expressed concerning the
current deficiencies of construction, documentation,
accessibility and applicability of advance health care
directives [5]. The main reasons limiting the applicability
of advance health care directives include: 1) physicians'
uncertainties about diagnosis, treatment efficacy, and
prognosis and 2) lack of knowledge, insight, and courage
of persons authorized as power-of-attorney for health care
to fulfill their assigned roles. These shortfalls raise con-
cerns about the effectiveness of advance health care direc-
tives to prepare patients and families for uncertain and
difficult decisions at the end-of-life [6]. To accommodate
these concerns, advance care planning should be built on
effective communication to individualize medical care
and decision making despite future uncertainties.
Advance care planning requires physicians to take time to
discuss advance health care directives with patients and
identify the specific circumstances in which care prefer-
ences should be followed [5].

Considering the above shortfalls, this commentary high-
lights additional and unique challenges posed by the
Revised Uniform Anatomical Gift Act (UAGA) 2006 on
advance health care planning and directives about the use
of life support systems at the end-of-life [7]. Some states
have already enacted the Revised UAGA (2006) and a few
of those have included amendments while attempting to
preserve the uniformity of the revised Act [8]. Other states
have introduced the Revised UAGA (2006) for legislation
and remaining states are likely to follow soon.

Scope of deceased organ donation
In 2006, the publication of two influential reports from
the Institute of Medicine and National Conference on
Donation After Cardiac Death opened a new era for
deceased organ donation [9,10]. Traditionally, organs for
transplantation have been donated by individuals who
fulfilled strict criteria of neurologic or brain death and had
already been on life support systems [11]. Organ dona-
tion after cardiac death applies to individuals who sustain
death because of circulatory or cardiorespiratory arrest
and without the requirement for antecedent neurologic or
brain death criteria. The two reports conclude that dona-
tion after cardiac death is an ethically acceptable form of
organ donation. As of January 2007, federal regulations
require Medicare-approved hospitals to design policies
and procedures for donation after cardiac death from
patients at or near death [12].

Scope of the Revised UAGA (2006)
The National Conference of Commissioners on Uniform
State Laws (NCCUSL) promulgated the Revised UAGA
(2006) with the substantial and active participation of the
major stakeholders representing donors, recipients, physi-
cians, procurement organizations, regulatory agencies and
the US Department of Health & Human Services. The
stakeholders represented a broad spectrum of organiza-
tions with special interest or advocacy for the practice of
organ transplantation. The primary intent of revising the
UAGA in 2006 was to solve the critical organ shortage by
maximizing the likelihood of organ donation. To accom-
plish this objective, the Revised UAGA (2006) increases
opportunities of organ procurement after cardiac death
for transplantation [7]. The anatomical gifting of organs
(heart, lungs, kidneys, liver, pancreases, small bowel, etc.)
after cardiac death requires the initiation and/or continu-
ation of life support systems at the end-of-life to ensure
their medical suitability for transplantation.

The Revised UAGA (2006) reaffirms that if a donor has a
document of gift, there is no reason to seek consent from
the donor's family as they have no right to give it legally
[7]. If an individual has not made a document of gift dur-
ing life, the Revised UAGA (2006) presumes the intent to
donate organs and, therefore, has expanded the list of per-
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sons (in section 9a) who can consent to organ donation
on behalf of that individual. The Revised UAGA (2006)
considers that every individual has the right to donate his
(her) organs at or near death. Finally, if an individual pre-
fers not to donate, this must be documented in a signed,
explicit refusal.

The Revised UAGA (2006) section 14 was drafted in
accordance with the controlling federal law requiring hos-
pitals to notify an organ procurement organization
(OPO) of any individual whose death is imminent or who
has died in-hospital to increase opportunities of organ
procurement for transplantation [13]. In cases of poten-
tial organ donation, measures necessary to ensure the
medical suitability of an organ for transplantation are
administered to a patient who is dead or near death to
allow time for determination if the patient could be a pro-
spective donor. That provision applies to situations of
sudden in-hospital or out-of-hospital cardiac death when
resuscitation is unsuccessful [9]. Organ preservation
requires the administration of life support systems until
the OPO has determined if a patient can be a prospective
donor. The Revised UAGA (2006), section 14(c), requires
life support systems already administered to a patient who
has been referred to the OPO for evaluation to be contin-
ued until it is determined that the patient has organs that
are medically suitable for transplantation. This section
applies to a patient who is already on life support systems
either in the emergency department or intensive care unit
at the end-of-life.

The Revised UAGA (2006), section 14, emphasizes the
general direction in an advance health care directive or
power-of-attorney for health care that the patient's wish
not to have life prolonged by the administration of life sup-
port systems should not be construed as an expression of
a contrary intent for the use of life support systems for
donation purpose [7]. In effect, a patient on life support
systems at the end-of-life (and without signed refusal) is
defaulted to the presumption of intent to donate organs,
and therefore life support systems cannot be withdrawn
until the OPO's evaluation for organ donation is com-
plete. The OPO can then determine that the patient is a
prospective donor.

If determined to be a prospective donor, the Revised
UAGA (2006), section 21, creates a default rule requiring
that measures necessary to ensure the medical suitability
of an organ for transplantation may not be withheld or
withdrawn. The initiation and/or continuation of life sup-
port systems is the default rule and overrides a prospective
donor's expression in an advance health care directive not
to have life prolonged by life support systems. To resolve
the tension between the presumed intent to donate organs
and the expressed intent not to have life support systems

administered merely to prolong life, section 21 presumes
that for a prospective donor the desire to save lives by
making an anatomical gift trumps the desire to have life
support systems withheld or withdrawn. The Revised
UAGA (2006) requires a prospective donor to expressly
provide contrary intent to prevent the use of life support
systems for organ donation purposes in either a declara-
tion or advance health care directives.

In 2007, an amendment was introduced to the Revised
UAGA (2006), section 21, to recognize the conflict
between initiation and/or continuation of life support
systems based on becoming a prospective donor and the
expressed wishes of appropriate end-of-life care in
advance health care directives. Section 21(b) (2007)
requires the attending physician to resolve the conflict
with the prospective donor or surrogate decision maker
for clarification of intent and any contraindications for
appropriate end-of-life care.

The Revised UAGA (2006) and advance health 
care directives
With the new UAGA legislation, advance health care plan-
ning should include education on the new requirement of
the Revised UAGA (2006) about the use of life support
systems for organ donation at the end-of-life. These
changes are predicated on the UAGA revising the default
choice to presumption of donation intent and, therefore,
the requirement for life support systems to ensure medical
suitability of organs for transplantation. Figure 1 summa-
rizes how document of gift, advance health care directives,
contrary intent declaration and refusal determine the
pathway for withholding and/or withdrawal of life sup-
port systems at the end-of-life. Only a refusal and contrary
intent declaration can permit the withholding and/or
withdrawal of life support systems and the administration
of appropriate end-of-life care as expressed in advance
health care directives (figure 1).

Patients with documents of gift are considered donors
irrespective of advance health care directives and they are
required to comply with organ procurement protocols
(figure 1). In the default pathway, (i.e. the absence of
refusal and contrary intent declaration) life support sys-
tems are required, irrespective of advance health care
directives, until the evaluation of medical suitability of
organs for transplantation has been completed. Regard-
less of whether it is morally right to construe refusal of life
support in an advance directive as not applicable for
organ donation, the final authority of the OPO to deter-
mine donor's medical suitability raises additional norma-
tive ethical issues. Three factors can inflate the pool of
prospective donors unpredictably: 1) the OPO can apply
liberal criteria about medical suitability for donation
because the definition of eligible donors is very broad
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[12], 2) the OPO has the discretion to offer for transplan-
tation organs of marginal (inferior) quality that would be
otherwise rejected [14], 3) the OPO's decisions and
actions are defaulted to be "in good faith" and are the sub-
ject of immunity from criminal, civil and administrative
liabilities [7]. Specific conditions such as overwhelming
infections, disseminated malignancy and communicable
infectious diseases are absolute exclusion criteria for

organ donation. However, the majority of potential organ
donors are unlikely to meet any of these specific exclusion
criteria [15].

The laxity of criteria of medical suitability for donation is
most disturbing to patients who become prospective
donors without documents of gift and who have unequiv-
ocal advance health care directives expressing intent for

The revised Uniform Anatomical Gift Act (UAGA) 2006, advance health care directives (AD) and use of life support systems at the end-of-lifeFigure 1
The revised Uniform Anatomical Gift Act (UAGA) 2006, advance health care directives (AD) and use of life 
support systems at the end-of-life. The UAGA (2006) Section 14(c) defaults a patient already on life support systems to 
the presumption of intent for organ donation (i.e. potential donor) and mandatory notification of organ procurement organiza-
tion for evaluation. Life support systems cannot be withdrawn in a potential donor until organ procurement organization has 
completed the evaluation of medical suitability of organs for transplantation. If the organ procurement organization has deter-
mined that a potential donor has organs medically suitable for transplantation, the potential donor becomes a prospective 
donor. For a prospective donor, life support systems cannot be withheld or withdrawn. For a prospective donor, section 21(b) 
requires the attending physician to resolve the conflict between intent in advance health care directives to withhold and/or 
withdraw life support systems at the end-of-life verus their use for organ donation purpose. Section 9(a) expands the list of 
persons who can consult, on behalf of a prospective donor, with the attending physician to resolve the aforementioned conflict 
and provide donation consent (or refusal). Document of gift or donation consent permits the use of life support systems and 
organ procurement protocols on donors. If a potential donor has medically unsuitable organs, refusal of gift or contrary intent 
declaration to instruct the withholding and/or withdrawing of life support systems for organ donation purpose, life support sys-
tems can be withdrawn and end-of-life care is provided as expressed in advance health care directives.

Patient at the end-of-life 
on life support systems  

AD, Contrary intent declaration and Refusal

Potential donor (organs, tissue and eyes)
Continued life support systems 

UAGA section 14(c)

Prospective donor (organs, tissue and eyes )
Continued life support systems

UAGA section 21(b) 
UAGA  section 9 (a)

Permit withdrawal 
of life support systems 

and end-of-life care  per AD

Donor (organs, tissue and eyes) 
Continued life support systems 
per organ procurement protocols

Document 
of gift 
(organs) 
With/out AD

With/out AD

Refusal of donation 

Consent for donation 

Medically unsuitable organs Medically suitable organs 
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withholding and/or withdrawal of life support systems at
the end-of-life (figure 1). Under such circumstances, the
Revised UAGA (2006) requires the attending physician to
address and resolve the conflict between the use of life
support systems for donation purposes and appropriate
end-of-life care with families and/or surrogate-decision
makers while keeping the patient on life support systems.

The Revised UAGA (2006) and end-of-life care
In the endeavor to solve the critical organ shortage, the
Revised UAGA (2006) has transformed the traditional
'altruistic' to a disturbing 'utilitarian' approach towards
organ procurement for transplantation. National pallia-
tive and hospice care organizations [16,17] promoting
excellence in end-of-life care should have been better rep-
resented as stakeholders when drafting the revised UAGA.
As a consequence, the UAGA drafting committee was able
to set aside the advancements in end-of-life care accom-

plished over the past decade [18,19]. While the drafting
committee has refuted that the Revised UAGA (2006) was
drafted to accomplish the goals of special interest groups
[20], the Act undoubtedly has created unintended conse-
quences jeopardizing the general public's interest and dis-
regarding longstanding respect of individual autonomy
and diversity of cultural beliefs about end-of-life in a plu-
ralistic society. The premises underlying the subtle pro-
gression of the Revised UAGA (2006) towards the
presumption about how to dispose of one's organs at or
near death can pave the way for an affirmative "duty to
donate" to the detriment of human liberty in a free society
[21].

The Revised UAGA (2006) has not adopted presumed
consent for organ procurement. Nevertheless, the most
disturbing consequence of the Act is that patients will be
forced to have life support systems initiated or continued

The enactment status of the United States Revised Uniform Anatomical Gift Act (UAGA) 2006 as of September 2007.Figure 2
The enactment status of the United States Revised Uniform Anatomical Gift Act (UAGA) 2006 as of Septem-
ber 2007. The Revised Uniform Anatomical Gift Act (UAGA) 2006 is enacted in many states and a few of those have included 
amendments (dark shade areas). Other states have introduced the Revised UAGA (2006) for legislation (light shade areas). The 
data source is the National Conference of Commissioners on Uniform State Laws.
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while awaiting the assessment of their organs for dona-
tion. In an epidemiologic study of the use of intensive care
at the end-of-life in the US, one in five Americans die
using intensive care services [15]. It is likely that the
Revised UAGA (2006) will further increase the ratio of
Americans dying in intensive care units by legitimizing
presumed consent for the use of life support systems for
organ donation.

The application of life support systems for the purpose of
organ donation without explicit consent is contraindi-
cated at end-of-life and inconsistent with recommended
practice guidelines for quality palliative care [19,22]. Life
support systems have no palliative benefit and inflict
unwarranted traumatic and distressing experiences to
dying patients and their families [23,24]. While section
21(b) (2007) concedes to the obvious conflict between

Table 1: Glossary of terms

"Advance health care directive" means a power-of-attorney for health care or a record signed or authorized by a prospective donor containing 
the prospective donor's direction concerning a health care decision for the prospective donor.
"Anatomical gift" means a donation of all or part (an organ, an eye, or tissue) of a human body to take effect after the donor's death for the 
purpose of transplantation, therapy, research, or education. "
"Contrary intent" means a document expressing that no measures to be taken to ensure the medical suitability of an organ for transplantation 
and authorize and instruct the withholding and/or withdrawing of such medical measures and treatment including life support systems for that 
purpose.
"Declaration" means a record signed by a prospective donor specifying the circumstances under which life support systems may be withheld or 
withdrawn from the prospective donor.
"Document of gift" means a donor card or other record used to make an anatomical gift. The term includes a statement or symbol on a driver's 
license, identification card, or donor registry.
"Donor" means an individual whose body or part is the subject of an anatomical gift.
"Health care decision" means any decision regarding the health care of the prospective donor.
"Life support systems" means the use of machines and/or administration of medications for artificial support of vitals organs. Mechanical 
ventilators support the respiratory system. Medications and/or mechanical means (e.g. external cardiac compression devices, internal cardiac assist 
devices or artificial heart-lung machines) support the circulatory system.
"Medically suitable organs" means the determination of medical suitability of organs by the organ procurement organization who performs the 
examination and evaluation of potential donors.
"Organ procurement organization" means a private organization operating under government contract to provide services covering all aspects 
of deceased organ donation to include 1) donor evaluation, selection and consenting and 2) preparation, recovery and transportation of procured 
organs. Each organization is assigned to a specific geographic area or donation service area within the US. There are 58 organizations covering all 
states including the District of Columbia, Puerto Rico, the United States Virgin Islands, or any territory or insular possession subject to the 
jurisdiction of the US.
"Organ procurement protocols" means medical treatment and surgical procedures performed on donors to ensure successful procurement of 
viable organs for transplantation.
"Power-of-attorney for health care" means a legally authorized representative to make health care decisions on behalf of an individual in the 
event of an incapacitating illness and inability to make own health care decisions.
"Prospective donor" means an individual who is dead or near death and has been determined to have one or more parts that could be medically 
suitable for transplantation, therapy, research, or education. The term includes an individual who made an anatomical gift during life and, therefore, 
is a donor. The term also includes a non-donor individual at or near the time of death with parts that are medically suitable for donation who could 
become a donor if the individual's family made an anatomical gift (section 9). The term does not include an individual who made a refusal as the 
refusal bars other persons from making an anatomical gift on that individual's behalf.
"Refusal" means a record created that expressly states intent to bar other persons from making an anatomical gift of an individual's body or part.
"Section 9 (a)" sets a prioritized list of classes of persons (power-of-attorney for health care, spouse, adult children, parents, adult siblings, adult 
grandchildren, grandparents, an adult who exhibited special care and concern for the decedent, persons who were acting as the guardians of the 
person of the decedent at the time of death, any other person having the authority to dispose of the decedent's body) who can make an anatomical 
gift of a decedent's body or part if the decedent was neither a donor nor had signed a refusal. The same list of classes of persons can be consulted 
for section 21(b) whether they would be willing to make a gift when the prospective donor is near death.
"Section 14(c)" When a hospital refers an individual at or near death to a procurement organization, the organization may conduct any reasonable 
examination necessary to ensure the medical suitability of a part that is or could be the subject of an anatomical gift for transplantation, therapy, 
research, or education from a donor or a prospective donor. During the examination period, measures necessary to ensure the medical suitability 
of the part may not be withdrawn unless the hospital or procurement organization knows that the individual expressed a contrary intent."
"Section 21(b)" If a prospective donor has a declaration or advance health-care directive and the terms of the declaration or directive and the 
express or implied terms of a potential anatomical gift are in conflict with regard to the administration of measures necessary to ensure the medical 
suitability of a part for transplantation or therapy, the prospective donor's attending physician and prospective donor shall confer to resolve the 
conflict. If the prospective donor is incapable of resolving the conflict, an agent acting under the prospective donor's declaration or directive, or, if 
none or the agent is not reasonably available, another person authorized by law other than this [Act] to make health-care decisions on behalf of the 
prospective donor, shall act for the donor to resolve the conflict. The conflict must be resolved as expeditiously as possible. Information relevant to 
the resolution of the conflict may be obtained from the appropriate procurement organization and any other person authorized to make an 
anatomical gift for the prospective donor under Section 9. Before resolution of the conflict, measures necessary to ensure the medical suitability of 
the part may not be withheld or withdrawn from the prospective donor if withholding or withdrawing the measures is not contraindicated by 
appropriate end-of-life care."
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life support systems for organ donation and appropriate
end-of-end life care for the dying patients, the amend-
ment is insufficient to protect patients and families from
potential violations of their rights to quality palliative
care. Section 21(b) (2007) requires the attending physi-
cian to balance contraindications for end-of-life care
against the need to preserve organs, which can only be
done after the OPO has completed medical evaluation to
determine if a patient can be considered a prospective
donor. Section 21(b) (2007) also includes the OPO as an
agent to assist with conflict resolution with regard to end-
of-life care, yet, the same agent has other undisclosed
incentives, i.e. maximizing organ procurement opportu-
nities [12]. There are no real safeguards to prevent the
OPO from either prolonging or manipulating end-of-life
decision making for prospective donors in order to obtain
donation consent.

The Revised UAGA (2006) requirement of life support sys-
tems for patients with clearly contrary end-of-life wishes
represents a radical departure from the PSDA (1991) and
original intent of advance health care directives. In fact, it
can be argued that the Revised UAGA (2006) intrudes into
patients' autonomy and infringes on their rights to self-
determination of medical care at the end-of-life.

Conclusion
Some states have already enacted the Revised UAGA
(2006) and a few of those have included amendments
while attempting to preserve the uniformity of the revised
Act (Figure 2). Other states have introduced the Revised
UAGA (2006) for legislation and remaining states are
likely to follow soon. The Revised UAGA (2006) increases
physicians' and hospitals' responsibilities to fulfill their
legal and moral obligations towards patients' rights for
self-determination of their medical care and quality of
palliation at the end-of-life. Therefore, it is imperative for
patients, families and physicians to become familiar with
the new US legislations about organ donation, so that the
document of gift and advance health care directives are
not in conflict and symbolize the commitment to
patient's autonomous decision-making at the end-of-life.
The premises underlying the subtle progression of the
Revised UAGA (2006) towards the presumption about
how to dispose of one's organs at or near death can pave
the way for an affirmative "duty to donate" to the detri-
ment of human liberty in a free society. Therefore, a broad
based societal discussion must be initiated to decide if the
Revised UAGA (2006) infringes on PSDA and the individ-
ual's right of autonomy. The discussion should also
address other ethical concerns raised by the Revised
UAGA (2006), including the moral stance on 1) the inter-
pretation of the refusal of life support systems as not
applicable to organ donation and 2) the disregarding of

the diversity of cultural beliefs about end-of-life in a plu-
ralistic society.
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UAGA = Uniform Anatomical Gift Act

US = United States

See table 1 for a glossary of terms.
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Deliberations of the Human Fetal Tissue
Transplantation Research Panel

James F. Childress
This case study focuses on the deliberations of the Human Fetal Tissue

Transplantation Research Panel during the period September–December 1988.
It analyzes the major debates that occurred about conflicting principles and
values as a majority of the panel reached the conclusion that the use of human
fetal tissue in transplantation research, following deliberate abortions, is
''acceptable public policy" if certain "guidelines" are in place. The panel's
deliberations occurred in an evolving context that comprised medical-scientific,
social-political, legal, and cultural factors. To interpret the panel's deliberations
and recommendations, it is necessary to discuss aspects of this context and the
background to the panel's efforts.

In addition to drawing on the references and other bibliographic materials
listed below, the author held telephone conversations in June 1990 with several
people who had been involved at the National Institutes of Health (NIH) and the
Department of Health and Human Services (DHHS) in decision making,
question formation, panelist selection, and other activities involved with human
fetal tissue trans

James F. Childress is the Edwin B. Kyle Professor of Religious Studies and Professor
of Medical Education at the University of Virginia. He served on the Human Fetal
Tissue Transplantation Research Panel.
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plantation research. The author is most appreciative for helpful comments from
the following: Jay Moskowitz, Charles McCarthy, Miriam Davis, Barbara
Harrison, Judy Lewis, and LeRoy Walters. Of course, they are not responsible
for errors of fact or interpretation in the case study.

BACKGROUND AND CONTEXT

By the mid-1980s, promising animal research on fetal tissue
transplantation that had been under way for some time both in the United States
and abroad had led several researchers in other countries to experimentally
transplant human fetal tissue, following elective or spontaneous abortions, into
human patients with Parkinson's disease. In addition, in the United States, NIH
had awarded an extramural grant to Hans Sollinger of the University of
Wisconsin to study transplantation of human fetal pancreatic cells into patients
with diabetes. In late 1987 NIH received a request from intramural investigators
at the National Institute of Neurological and Communicative Disorders and
Stroke for permission to undertake research transplanting human fetal neural
tissue, following elective abortions, into patients with Parkinson's disease. Even
though he had the legal authority to approve this research—and some members
of his staff urged him to do so—James B. Wyngaarden, the director of NIH,
sought approval from the Office of the secretary of DHHS to "permit maximum
review of this sensitive area of research" (Office of Science Policy and
Legislation, 1988). Wyngaarden's memorandum of October 23, 1987, to Robert
Windom, then assistant secretary for health, noted that the proposed research
had "the potential for publicity and controversy" and "may be characterized in
the press as an indication that the Department is encouraging abortions," even
though the "research will in no way be a factor in a woman's decision to have an
abortion and no Federal funds will directly or indirectly support abortion." The
memorandum also stressed NIH's conviction that "on balance . . . the
importance of this research outweighs any potential for adverse publicity.''

In a March 22, 1988, memorandum to the director of NIH, the assistant
secretary for health declared a moratorium on the use of federal funds to
support human fetal tissue transplantation research (hereafter, HFTTR) that
used tissue from induced abortions until NIH could convene "special outside
advisory committees" to hear testimony, deliberate, and offer their
recommendations. His memorandum identified 10 questions that such
committees should address (see Appendix A), which focused mainly on the
connection or linkage between abortion and the use of human fetal tissue in
research. The assistant secretary's staff
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developed the questions on the basis of an analysis of the existing literature and
after consultation with three academic bioethicists. Whereas the NIH director's
memorandum focused on the public controversy that might result from the
federal government's sponsorship of such research, the assistant secretary's staff
perceived the problem as largely ethical.

There are several relevant features of the context of the deliberations of
NIH, DHHS, and the HFTTR panel. First, there had been earlier research that
used human fetal tissue, and many of these projects had support from NIH. In
fiscal year 1987, NIH awarded 116 grants and contracts (estimated at $11.2
million) for research that involved the use of human fetal tissue (Office of
Science Policy and Legislation, 1988). Most of this research, however, had no
direct therapeutic intent and did not involve transplantation. One widely
reported earlier example of the use of human fetal tissue in research was in the
development of the polio vaccine. Some commentators (e.g., Nolan, 1988)
distinguish using cadaveric fetal tissue to develop a treatment from using it as a
treatment.

Second, animal research had shown that transplantation of human fetal
neural tissue might provide therapeutic benefits for patients with Parkinson's
disease. Fetal tissue has special features that make it potentially useful in this
case—for example, it is immunologically more naive than developed tissue, and
it grows and differentiates rapidly. Furthermore, fetal tissue is widely available
from the 1.5 million abortions performed in the United States each year.

Third, the U.S. Supreme Court decision in Roe v. Wade in 1973 overturned
restrictive abortion laws but failed to resolve the serious moral and political
debate and conflict about abortion in the United States. Opponents of abortion
have been quite active since then and have regularly challenged practices,
policies, or laws that appear to encourage abortions.

Fourth, beyond the legal framework for abortion, the transfer of human
cadaveric tissue is governed by the Uniform Anatomical Gift Act (UAGA),
which was adopted by all 50 states and the District of Columbia in the late
1960s and early 1970s. In general, the UAGA permits either parent, subject to
the known objection of the other, to donate fetal tissue, following spontaneous
or deliberate abortions, for research, education, or transplantation. However,
some states restrict the use of fetal materials following induced abortions in
some research (DHHS/NIH, 1988; see vol. 1, p. 11, and vol. 2, app. F). Federal
regulations permit research "involving the dead fetus, macerated fetal material,
or cells, tissue, or organs excised from a dead fetus . . . in accordance with any
applicable State or local laws regarding such activities" (45 CFR 46.210). Many
of the existing federal regulations focus on research involving the living
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fetus rather than on the use of tissue derived from fetal remains. Also of
relevance is the National Organ Transplant Act of 1984 with subsequent
amendments, which will be discussed later.

PROCESS

During early summer 1988, NIH appointed the panel to meet in the fall to
respond to Assistant Secretary Windom's questions and then to submit its
finished report to the NIH Director's Advisory Committee, a diverse outside
group that advises NIH on policy matters. NIH had reason to expect that a
favorable recommendation from the panel and the advisory committee would
lead to DHHS authorization to NIH to approve the research. On the
recommendation of an internal, informal ad hoc committee, NIH appointed
Arlin Adams, a retired federal judge from Philadelphia, to chair the fetal tissue
panel; as a Republican opposed to abortion, he was considered an ideal choice.
In addition, NIH appointed special panel chairpersons for scientific issues
(Kenneth J. Ryan, a physician and scientist) and ethical and legal issues (LeRoy
Walters, an ethicist).

Members of Congress, members of the executive branch, and
organizations with an interest in the research, among others, submitted
nominations for the 21-person panel; the various categories of nominations
were ethicists, lawyers, biomedical researchers, clinical physicians, public
policy experts, and religious leaders. The ad hoc committee (which included the
panel's chair and co-chairs and a member of the NIH Director's Advisory
Committee) considered the nominations in early July, emphasizing in their
selections the qualifications of proposed panelists and the need for more women
and minority panel members. There was vigorous outside support for particular
nominees, much of which centered on opponents of abortion; three—James
Bopp, James Burtchaell, and Daniel Robinson—were selected. In a departure
from the nominations model being used, one senator asked to review the
proposed list and personally discussed the proposed panelists with NIH officials
prior to their invitation to serve. One of the conditions for serving on the panel
was that the prospective panelist had to agree to be available for the first
meeting, which was already planned for September 16–18, 1988. After the
members of the panel were announced, defenders of HFTTR worried about the
presence of strong opponents of abortion on the panel; critics of HFTTR, on the
other hand, thought they discerned an overall bias among the panel in favor of
such research. (For a list of panelists, see Appendix B.)

Just prior to the panel's first meeting, the White House leaked a draft
executive order that proposed a ban on transplantation research
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using human fetal tissue following elective abortions. Otis Bowen, then
secretary of health and human services, responded that he would not impose
new curbs on HFTTR until the advisory committees could make their final
recommendations or until he received a direct order from the President. Over
the next several weeks, 50 members of Congress wrote to the President urging
him to promulgate the executive order that would signify his commitment to
protecting unborn lives; several hundred physicians and others also wrote,
offering their strong support for the proposed order. However, no action was
taken.

In September 1988, the HFTTR panel convened to hear scientific, legal,
and ethical views from more than 50 invited speakers as well as testimony from
representatives of public interest groups. All meetings of the panel were opened
to the public after an initial announcement of several closed, executive sessions
drew a vigorous negative reaction. When it became clear that the three-day
meeting would not be sufficient for the panel to complete its deliberations and
offer its response, a second meeting was set for October 20–21. In a draft report
considered at the second meeting, the panel offered relatively brief responses to
the assistant secretary's questions but little justification for them. During the
meeting there was discussion about whether such justifications could be
developed without a third meeting; the panel decided to submit only what had
been developed and accepted by the time of adjournment. But at the end of the
second meeting, James Bopp and James Burtchaell brought in a long dissent to
the report. Several other panelists were concerned that this long dissent would
overwhelm the brief responses in the report, especially considering that the
recommendations were left without sufficient justification. A third meeting was
scheduled for December 5, with members of the panel preparing and circulating
in advance drafts of "considerations" for each response to the assistant
secretary's 10 questions. At that meeting the report was put into final form: it
contains the responses and considerations, along with the panel vote, for each
question; a brief summary of the current scientific literature relevant to HFTTR;
three concurring statements (Judge Arlin Adams; Aron Moscona, joined by two
other panelists; and John Robertson, joined in whole or in part by ten other
panelists); two dissenting statements (by David Bleich and by James Bopp and
James Burtchaell); and a final dissenting letter (Daniel Robinson). Volume 2 of
the report contains the written testimony submitted to the panel.

After observing the meetings, science writer Jeffrey Fox described the
panel's process: "Despite the diversity of views held by members of the ad hoc
panel, the group steadfastly tried to follow a consensual approach during its
deliberations. Although consensus was difficult to achieve, the panel members
consistently tried to accommodate one
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another's respective positions. Thus, in most cases, very disparate philosophical
positions were melded into a coherent stance that was deemed acceptable by a
substantial majority of the panel. However, neither of these observations should
be taken to suggest that the debate within the panel was somehow constrained
by the majority viewpoint, as indeed it was not" (Fox, 1988). The panelists
spent a great deal of time debating and modifying the wording of particular
responses to gain as much consensus as possible. The majority frequently
compromised on the exact wording, but the minority often voted against the
response that had been carefully worked out through compromise.

The panel experienced other constraints, including the pressure to
complete a report as quickly as possible and the lack of staff and resources;
originally the panel had been expected to offer a report on the basis of one
meeting. The tight schedule, the pressure for a prompt report, and the limited
resources all contrasted sharply with the arrangements for other bodies dealing
with ethical issues in science and health care, such as the National Commission
for the Study of Ethical Problems in Biomedical and Behavioral Research, the
President's Commission for the Study of Ethical Problems in Medicine, and the
Task Force on Organ Transplantation. Another major constraint was the 10
questions raised by the assistant secretary. As noted earlier, these questions
focused on issues related to abortion rather than on issues parallel to
transplantation of other cadaveric tissue. Thus, it is not surprising that the
panel's deliberations concentrated to a great extent on ethical and societal
concerns about abortion without directly addressing the morality of abortion.

THE MORAL STATUS OF THE FETUS AND THE MORALITY
OF ABORTION

With this sketch of the background, context, and process of the panel's
deliberations and recommendations, we can now turn to an examination of the
major explicit and implicit issues it faced. One of the major issues involved the
status of fetal life—for example, whether the fetus should be viewed as tissue,
as a potential human life, or as a living human being. Certainly the members of
the panel differed greatly in their individual views on this question, which
required some of them to oppose the use of fetal tissue following abortions.
Others contended that it was possible to separate, morally and practically,
abortions and the use of fetal tissue, despite the fact that elective abortions
provide the bulk of tissue for HFTTR.

Some panel members contended that their acceptance of various guidelines
or safeguards to separate abortion decisions from decisions about the use of
fetal tissue did not imply that they viewed abortion as immoral. The
recommended guidelines were intended to reduce the
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likelihood that the possibility of donation would influence the pregnant
woman's decision to abort. Even if abortion were not viewed as immoral, these
guidelines could be accepted for various reasons, including (1) the desire to
allay the moral controversy in our society about abortion, or (2) the desire to
reduce the vulnerability of some pregnant women to exploitation and coercion
because of the need for fetal tissue. These reasons are sufficient to justify the
guidelines, without the presupposition that abortion is immoral.

Thus, while accepting the proposition that "it is of moral relevance that
human fetal tissue for research has been obtained from induced abortions," the
majority of the panel nevertheless held that, in view of the significant medical
goals of HFTTR and the legality of abortion, "the use of such tissue is
acceptable public policy." In the consideration it noted for this response, the
panel observed that "a decisive majority of the panel found that it was
acceptable public policy to support transplant research with fetal tissue either
because the source of the tissue posed no moral problem or because the
immorality of its source could be ethically isolated from the morality of its use
in research" (DHHS/NIH, 1988:2). Thus, the panelists who voted for using fetal
tissue for research subscribed to one of two views: (1) that abortion is morally
acceptable and the use of aborted fetal tissue for HFTTR is morally acceptable;
or (2) that abortion is "immoral or undesirable,'' although legal, and HFTTR can
be morally separated from abortion and can proceed with appropriate
safeguards. The majority rejected the position that HFTTR should be prohibited
from receiving federal funds because it is, morally speaking, inextricably linked
to or would lead to immoral abortions.

COMPLICITY, COLLABORATION, AND COOPERATION IN
MORAL EVIL

During the panel's deliberations, James Burtchaell, a theologian at Notre
Dame University, invoked the language of complicity, collaboration, and
cooperation in the moral wrongdoing of others to stress what he considered the
impossibility of separating, at least in practice, the use of fetal tissue from the
(immoral) abortions that produced it (Bopp and Burtchaell, 1988:63–70).
Particularly important for Burtchaell was a form of indirect association that
implied moral approval. Cooperation that involves casual actions—for example,
driving the get away car after a robbery—must be distinguished from actions
that only symbolize, convey, or express approval but do not materially
contribute to the actions themselves. Burtchaell invoked various analogies. One
involved the banker in a town in Florida who decided to accept deposits from
participants in the drug trade on the grounds that this action would
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benefit the community and that the drug trade would continue regardless of
what the banker did. Another was of the researcher who visits an abortionist
each week to obtain fetal tissue but who each time expresses his disapproval
while planning to return the next week. Burtchaell contends that these actions
involve complicity in the moral wrongdoing of others, whether drug trafficking
or abortion.

According to written testimony from the Bishops' Committee for Pro-Life
Activities of the National Conference of Catholic Bishops, "it may not be wrong
in principle for someone unconnected with an abortion to make use of a fetal
organ from an unborn child who died as the result of an abortion; but it is
difficult to see how this practice can be institutionalized [including
arrangements to ensure informed consent] without threatening a morally
unacceptable collaboration with the abortion industry" (DHHS/NIH, 1988:E42;
for a slightly different version, see G1). What may be possible in the abstract, in
principle, or in theory is not possible in practice because of the
institutionalization of abortion and the way fetal tissue is currently procured.
James Bopp and James Burtchaell write in their dissent: "Our argument, then, is
that whatever the researcher's intentions may be, by entering into an
institutionalized partnership with the abortion industry as a supplier of
preference, he or she becomes complicit, though after the fact, with the
abortions that have expropriated the tissue for his or her purposes. It is obvious
that if research is sponsored by the National Institutes of Health, the Federal
Government also enters into this same complicity" (Bopp and Burtchaell,
1988:70).

There are at least two responses to the charge of moral cooperation in the
wrongdoing of others. One is to deny that the primary action, in this case,
abortion, is morally wrong; another is to deny that the use of aborted fetal tissue
implies approval of abortion. The panel did not try to resolve the debate about
the morality of abortion, but the majority insisted that it is at least possible to
draw a moral line between the use of fetal tissue and the abortions that make the
tissue available in such a way as to ensure that unacceptable moral cooperation
does not occur (DHHS/NIH, 1988:2). The majority of the panel noted that it is
possible to use organs and tissues from homicide and accident victims without
implying approval of homicides and accidents and without diminishing efforts
to reduce their occurrence (Robertson, 1988:31–32). Even if one were to accept
that abortion is immoral, "it does not follow that use of fetal remains makes one
morally responsible for or an accomplice in abortions that occur prior to or
independent of later uses of fetal remains" (Robertson, 1988:31). In addition,
the majority statement underlined the fact that abortions are already being
performed with the result that fetal tissue that could benefit others is being
discarded rather than used.
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Several members of the panel strongly objected to the analogies to Nazi
research on living subjects invoked by James Bopp and James Burtchaell to
illustrate moral complicity in the wrongdoing of others (Bopp and Burtchaell,
1988:63–70). Critics contended that there are several morally relevant
differences between the use of tissue from dead fetuses following debatably
immoral abortions and the clearly immoral actions of Nazi investigators who
experimented on living subjects against their will (Robertson, 1988:32–33;
Moscona, 1988:27–28). In a concurring statement, a majority of the panelists
noted that the complicity claim "is considerably weakened when the act making
the benefit possible is legal and its immorality is vigorously debated, as is the
case with abortion. Given the range of views on this subject, perceptions of
complicity with abortions that will occur regardless of tissue research should
not determine public policy on fetal tissue transplants" (Robertson, 1988:33).

Panelists also noted that the loose concept of complicity in the moral
wrongdoing of others could be turned in other directions, perhaps even against
the positions held by those who invoked it in the context of HFTTR. For
example, critics of the application of the concept of complicity in HFTTR
argued that a failure to provide sex education, contraceptives, and social support
for pregnant women could be construed as modes of complicity and cooperation
in the actions of abortion. In this instance, the alleged complicity or cooperation
is the material contribution of causal factors through omission.

Recognizing that some potential participants in research, whether as
patients or as professionals, might want to avoid any connection and thus any
felt complicity with abortion, the panel recommended that "potential recipients
of such tissues, as well as research and health care participants, should be
properly informed as to the source of the tissues in question" (DHHS/NIH,
1988:1–2).

INCREASE IN THE NUMBER OF ABORTIONS

One fundamental question in the fetal tissue controversy is whether its use
in transplantation research would result in an increase in the number of
abortions and if so, whether it would still be justified. Answers to this question
hinge in part on matters that should be resolvable by empirical data—the
reasons why women have abortions. The panel's report noted that "the reasons
for terminating a pregnancy are complex, varied, and deeply personal" and
"regarded it highly unlikely that a woman would be encouraged to make this
decision [to abort] because of the knowledge that the fetal remains might be
used in research" (DHHS/NIH, 1988:3). In addition, the panel noted the lack of
any evidence
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that, over the past 30 years, the possibility of donating fetal tissue for research
purposes had resulted in an increase in the number of abortions (DHHS/NIH,
1988:3). Furthermore, according to the panel majority, it is possible to set up
guidelines or safeguards to reduce the likelihood of an impact on the incidence
of abortion. Defenders of the minority position argue, however, that knowledge
of this possibility of benefit from the provision of fetal tissue would make a
difference in some, perhaps even many, cases. There are several possible
scenarios addressed by the critics and defenders of HFTTR; they are organized
below more systematically than in the HFTTR panel's report.

General Altruism

First, would the possibility of donating fetal tissue to benefit unrelated and
unknown patients through transplantation play a role in a woman's decision to
abort? Neither the defenders nor the critics of HFTTR can find strong evidence
for their claims about the potential impact of this possibility on individual
abortion decisions (DHHS/NIH, 1988:3). The debate thus hinges on
speculations about women's abortion decisions and on answers to the moral
question about which way society should err in such a situation of doubt.

Critics charge that HFTTR would reduce some pregnant women's
ambivalence about abortion so that the possibility of an altruistic act—what
could be called "general altruism"—would probably lead to some abortions that
would not otherwise have occurred. Defenders of HFTTR respond that such a
claim is speculative: there is only sketchy evidence about women's decision
making about abortion and no evidence that the long-time possibility of
donating fetal tissue to benefit others through research (although only rarely
through transplantation research) has led to any abortions that would not
otherwise have occurred (DHHS/NIH, 1988:3). Even if it was known that the
possibility of donating fetal tissue provided a "motivation, reason, or incentive
for a pregnant woman to have an abortion," this would not constitute a
prohibited "inducement" (under federal law) because it is not a promise of
financial reward or personal gain and is not coercive (DHHS/NIH, 1988:4).

In such complex personal decisions as abortion, it is difficult to determine
the role of various motives, such as general altruism, and particularly whether
these motives are necessary or sufficient for an action. In the case of panel
members, however—whether their motives were to protect the fetus, to prevent
exploitation and coercion of pregnant women, or to allay moral controversy—
the majority of them proposed guidelines to reduce the likelihood that HFTTR
would lead some women to abort when they would not otherwise have done so.
These guidelines
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include efforts to prevent the stimulation or encouragement of general altruistic
motives on the part of pregnant women.

According to the panel, ''the decision and consent to abort must precede
discussion of the possible use of the fetal tissue and any request for such
consent as might be required for that use," and "informed consent for an
abortion should precede informed consent or even the preliminary information
for tissue donation," except when the pregnant woman requests such
information (DHHS/NIH, 1988:3–4). Ideally, the request and the decision to
donate should follow the abortion decision itself, but because postmortem tissue
deteriorates quickly and cryogenic storage is not possible for many transplants,
"the pregnant woman must be consulted before the abortion is actually
performed" (DHHS/NIH, 1988:10).

In a concurring statement prepared largely by John Robertson and joined,
at least in part, by 10 other panel members, a majority of the panelists allow that
even an increase in the number of abortions would not be a decisive reason for
rejecting federal support of HFTTR: "Yet even if some increase in the number
of family planning abortions due to tissue donation occurred, it would not
follow that fetal tissue transplants should not be supported. Surely it does not
follow that any increase in the number of abortions makes fetal tissue
transplants unacceptable" (Robertson, 1988:34). Drawing a distinction between
means, ends, and consequences, this argument denies that an increase in the
number of elective abortions is a means to the end of HFTTR. Instead, an
increase in the number of elective abortions is a possible consequence, a risk, of
the use of HFTTR. Risk is a probabilistic notion and includes the probability of
a negative outcome. It is thus necessary to judge the likelihood of a negative
outcome along with its magnitude. The risk of an increase in fetal deaths is
comparable to other losses of life in the pursuit of important societal goals, such
as automobile design, highway engineering, and bridge building. According to
Robertson's concurring statement, "[t]he risk that some lives will be lost,
however, is not sufficient to stop those projects when the number of deaths is
not substantial, when the activity serves worthy goals and when reasonable
steps to minimize the loss have been taken" (Robertson, 1988:34). Furthermore,
a "more stringent policy is not justified for fetal tissue transplants just because
the risk is to prenatal life from some increase in the number of legal abortions"
(Robertson, 1988:34–35).

Noting that the risk of an increase in the number of abortions is speculative
at best, the report's concurring statement stresses that similar speculative and
tenuous risks that the society might encourage, as well as legitimate deaths
resulting from homicide, suicide, and accidents, to gain organs for
transplantation are not viewed as a sufficient reason to stop using organs from
these sources (Robertson, 1988:35 [fn. 23]). In a
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later response (Mason, 1990), Assistant Secretary for Health James Mason
contended that in the argument above, the concurring statement simply
disregarded moral and ethical considerations. Nevertheless, its signers view it as
offering a different balance of moral and ethical considerations instead of a
denial of those considerations. In addition, the panel maintained that its
recommended guidelines would reduce the probability of an increase in the
number of abortions.

A different risk-benefit calculation appears in the dissent by J. David
Bleich, who holds that "these mitigating safeguards [the ones proposed by the
panel] notwithstanding, intellectual integrity compels recognition that the goal
of preventing an increment in the total number of abortions performed is not
totally attainable" (Bleich, 1988:39). He interprets the majority's proposals as an
effort to balance interests "through a policy of damage containment" (Bleich,
1988:40). By contrast, he notes that the duty to rescue human life through fetal
tissue transplants is diminished because the studies at issue are research
protocols with uncertain, distant benefits rather than certain immediate good for
identified lives, and because the "moral harm" of the increase in the number of
abortions is certain and immediate. Hence, "on balance, the duty to refrain from
a course of action that will have the effect of increasing instances of feticide
must be regarded as the more compelling moral imperative'' (Bleich, 1988:43).
This formulation appears to leave open the possibility of a different balance if
the procedure reached the point, without federally funded research, of providing
an immediate, certain benefit. By contrast, the majority of the panel held that
the increase in the number of abortions was not certain and immediate and
could be avoided at least in part through the proposed guidelines.

Specific Altruism

The second scenario raises the possibility that a pregnant woman (or a
woman contemplating pregnancy) might donate fetal tissue to help a family
member or acquaintance, which could result in abortions that would not
otherwise have occurred. In contrast to the motivation of general altruism
considered above, this motivation might be called specific altruism, that is,
beneficence toward specific known individuals. Because of dramatic proposals
by a few women to become pregnant in order to abort and donate fetal tissue to
help a beloved family member, and its recognition of the strength of specific
altruistic motives, the panel recommended this guideline: "There should be no
Federal funding of experimental transplants performed with fetal tissue from
induced abortions provided by a family member, friend, or acquaintance.
Absent such prohibition, the potential benefits to friends and family members
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might encourage abortion or encourage pregnancy for the purpose of abortion—
encouragements that the panel strongly opposed" (DHHS/NIH, 1988:8).
Another formulation reads: "The pregnant woman should be prohibited from
designating the transplant-recipient of the fetal tissue" (DHHS/NIH, 1988:3). In
yet another recommendation with the same import, the panel held that
"anonymity between donor and recipient shall be maintained, so that the donor
does not know who will receive the tissue, and the identity of the donor is
concealed from the recipient and transplant team" (DHHS/NIH, 1988:4).

These recommendations clearly reflect the panel's concerns about maternal
welfare as well as concerns about the morality of abortion. Moreover, they are
based on the lack of evidence that "a prohibition against the intrafamilial use of
fetal tissue would affect the attainment of valid clinical objectives" (DHHS/
NIH, 1988:8). For example, in fetal tissue transplants for diabetes, it would be
medically contraindicated to use intrafamilial transplants, but no definitive
conclusions can be drawn at this time about other conditions for which fetal
tissue transplantation may be a possibility. Nevertheless, in the considerations it
noted for its response, the panel referred to expert testimony that "if
circumstances change . . . there may be reasons to modify the prohibition . . . it
was strongly urged that the Secretary for Health and Human Services review
these recommendations at regular intervals" (DHHS/NIH, 1988:8). In the last
section of the concurring statement, which was prepared by John Robertson and
signed by ten other panelists (with the exception of this section, in which one of
the ten did not concur), this position is elaborated: "If the situation changes so
that the supply of fetal tissue from family planning abortions proves inadequate,
the ban on donor designation of recipients and aborting for transplant purposes
should be re-examined. The ethical and legal arguments in favor of and against
such a policy would then need careful scrutiny to determine whether such a
policy remains justified" (Robertson, 1988:38).

Incentives of Financial Gain

In a third way—beyond general and specific altruism—the possibility of
HFTTR could provide another motive for abortion in the shape of financial
incentives for the provision of fetal tissue. Congress had already addressed this
issue by passing an amendment (which Ronald Reagan signed into law) to the
National Organ Transplant Act that prohibited the transfer of human organs
(including fetal organs and their subparts) for "valuable consideration, or
payment." The panel's report supported this position, stressing that "it is
essential . . . that no fees be paid to the woman to donate, or to the clinic for its
efforts in procuring fetal
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tissue (other than expenses incurred in retrieving fetal tissue)" (DHHS/NIH,
1988:9). As is true of several of the panel's other recommendations, this one
could be justified as a way to protect fetuses from abortion, to protect women
from exploitation and coercion, to reduce moral controversy, and even to help
avoid societal commodification of "human" body parts.

SOCIETAL LEGITIMATION OF ABORTION DECISIONS
AND PRACTICES

Although the topic of societal legitimation tends to collapse into issues of
complicity in and encouragement of abortions, it may be useful to consider it
separately. According to Dorothy Vawter (1990), "to legitimate an act or
practice is to justify or promote it in such a manner that others will become
more inclined to regard it as acceptable and to engage in it." On the one hand,
critics contend that federally funded HFTTR following elective abortions would
tend to legitimate abortion because of the difficulty—or even the impossibility
—of distinguishing within the expenditure of federal funds (1) approval of the
use of fetal tissue from elective abortions and (2) approval of the elective
abortions that produced the fetal tissue. Rabbi David Bleich argued in the
panel's report that "[f]ederal funding conveys an unintended message of moral
approval for every aspect of the research program" (Bleich, 1988:40[fn. 2]). By
contrast, defenders of the research could argue that the approval of the use of
federal funds in treatment of end-stage renal disease through organ
transplantation does not constitute approval of the homicides, suicides, and
accidents that provide the occasions for organ donation (Robertson, 1988:35[fn.
23]). Furthermore, they might note that there is no evidence that efforts to
reduce such events have abated in order to maintain the supply of needed organs.

A second version of the societal legitimation argument focuses on society's
acceptance of the benefits of human fetal tissue donations following elective
abortions rather than on government funding. It would be difficult, perhaps
even impossible, critics argue, for society to accept the benefits of HFTTR
without becoming increasingly inclined to accept as legitimate the abortions
that make the benefits possible. (Such a legitimation would be likely to occur
even if no federal funds were used to support HFTTR protocols.) Thus, if
HFTTR were to confer substantial benefits in the form of new life-saving or life-
enhancing procedures, society would become less likely to delegitimate
abortion by declaring many acts of abortion illegal (provided future Supreme
Court decisions make such declarations more possible). It is not likely that
society will renounce either the benefits of HFTTR or the decisions and
practices that make the benefits possible.
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Because of the panel's focus on federal funding, it only addressed the first
version of the societal legitimation argument. The panel maintained that this
symbolic societal legitimation could be avoided by the separation measures it
proposed (see the earlier discussion of complicity). The second version of the
societal legitimation argument focuses more on society's acceptance of abortion
decisions and practices rather than on individual decisions, and it may not be
directly countered by the panel's arguments that its proposed separation
measures would reduce the likelihood that HFTTR would encourage abortion
decisions by particular women.

A final criticism of societal legitimation appears in the panel's report in the
dissenting letter by Daniel Robinson, who argued "that induced abortion is a
moral wrong and that it cannot be redeemed by any actual or potential 'good'
secured by it. Thus, the possible medical benefits held out by research tissues
obtained by such measures cannot be exculpatory" (Robinson, 1988:73). This
argument was offered after the report was completed, but the panel could have
responded that it attempted to separate abortion decisions and practices from
decisions and practices regarding the use of fetal tissue. HFTTR using fetal
tissue from elective abortions in no way redeems or exculpates the abortions
themselves. It only involves the use of tissue that would otherwise be discarded
or incinerated, without implying approval (or, for that matter, disapproval) of
the abortions themselves, just as the use of tissue from adult cadavers does not
imply approval of—or redeem or exculpate—the homicides or negligent
accidents that resulted in death.

DISPOSITIONAL AUTHORITY OVER FETAL REMAINS

The fourth question posed by Assistant Secretary Windom was as follows:
"Is maternal consent a sufficient condition for the use of the tissue, or should
additional consent be obtained? If so, what should be the substance and who
should be the source(s) of the consent, and what procedures should be
implemented to obtain it?" This question engendered one of the most divisive
debates of the HFTTR panel as members wrestled with the problem of
dispositional authority over fetal tissue following abortions, including the
authority to transfer fetal tissue for use in transplantation research. The vote in
favor of the sufficiency of maternal consent (within limits) was 17 yes, 3 no,
and 1 abstention, the smallest majority of any answer to any question.

The argument surrounding this question also focused on ways to separate
the abortion decision of the pregnant woman from the decision about the use of
fetal tissue. The majority held that "fetal tissue from induced abortions should
not be used in medical research without

DELIBERATIONS OF THE HUMAN FETAL TISSUE TRANSPLANTATION
RESEARCH PANEL

229

A
bo

ut
 t

hi
s 

P
D

F
 f

ile
: 

T
hi

s 
ne

w
 d

ig
ita

l 
re

pr
es

en
ta

tio
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fr
om

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 t

yp
es

et
tin

g 
fil

es
. 

P
ag

e 
br

ea
ks

 a
re

 t
ru

e 
to

 t
he

 o
rig

in
al

; 
lin

e 
le

ng
th

s,
 w

or
d

 b
re

ak
s,

 h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 t

yp
es

et
tin

g-
sp

ec
ifi

c 
fo

rm
at

tin
g,

 h
ow

ev
er

, 
ca

nn
ot

 b
e

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rt

ed
. P

le
as

e
 u

se
 t

he
 p

rin
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 t
he

 a
ut

ho
rit

at
iv

e 
ve

rs
io

n
 fo

r 
at

tr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Biomedical Politics 
http://www.nap.edu/catalog/1793.html

B-242

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 276 of 461
(321 of 506)



the prior consent of the pregnant woman. Her decision to donate fetal remains is
sufficient for the use of tissue, unless the father objects (except in cases of
incest or rape)" (DHHS/NIH, 1988:60). Critics of this view contended that
when the pregnant woman "resolves to destroy her offspring, she has abdicated
her office and duty as the guardian of her offspring, and thereby forfeits her
tutelary powers" (Bopp and Burtchaell, 1988:47). From this perspective the
abortion decision deprives the pregnant woman of any subsequent authority
over the disposition of the fetus. Thus, this viewpoint requires a total separation
between the decision to abort and the decision to use or transfer tissue for use;
this separation is put into practice by disqualifying the woman who decides to
abort from making a decision about fetal tissue use.

Of the several possible modes of transfer of fetal tissue—donation,
abandonment, expropriation, or sales—the panel recommended donation, which
is the dominant method of transfer of cadaveric organs and tissues in the United
States. Donation is carried out mainly in the form of express donation by the
decedent or by the decedent's next of kin but also by presumed donation for
corneas in several states. "Express donation by the pregnant woman after the
abortion decision is the most appropriate mode of transfer of fetal tissue
because it is the most congruent with our society's traditions, laws, policies, and
practices, including the Uniform Anatomical Gift Act and current Federal
research regulations" (DHHS/NIH, 1988:6). (The panel heard some evidence
that fetal tissue probably has been viewed at times as abandoned and has been
used without maternal consent [DHHS/NIH, 1988:11].) The panel further
argued that a woman's choice of a legal abortion does not disqualify her legally
and should not disqualify her morally from serving as "the primary
decisionmaker about the disposition of fetal remains, including the donation of
fetal tissue for research." Against arguments that the decision to abort leaves
only biological kinship, without any moral authority, the panel concluded

that disputes about the morality of her decision to have an abortion should not
deprive the woman of the legal authority to dispose of fetal remains. She still
has a special connection with the fetus and she has a legitimate interest in its
disposition and use. Furthermore, the dead fetus has no interests that the
pregnant woman's donation would violate. In the final analysis, any mode of
transfer other than maternal donation appears to raise more serious ethical
problems. (DHHS/NIH, 1988:6)

A concurring statement (written by John Robertson and signed by a
majority of the panelists) disputed the guardianship model affirmed by the
Bopp-Burtchaell dissent, contending that it "mistakenly assumes that a person
who disposes of cadaveric remains acts as a guardian or

DELIBERATIONS OF THE HUMAN FETAL TISSUE TRANSPLANTATION
RESEARCH PANEL

230

A
bo

ut
 t

hi
s 

P
D

F
 f

ile
: 

T
hi

s 
ne

w
 d

ig
ita

l 
re

pr
es

en
ta

tio
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fr
om

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 t

yp
es

et
tin

g 
fil

es
. 

P
ag

e 
br

ea
ks

 a
re

 t
ru

e 
to

 t
he

 o
rig

in
al

; 
lin

e 
le

ng
th

s,
 w

or
d

 b
re

ak
s,

 h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 t

yp
es

et
tin

g-
sp

ec
ifi

c 
fo

rm
at

tin
g,

 h
ow

ev
er

, 
ca

nn
ot

 b
e

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rt

ed
. P

le
as

e
 u

se
 t

he
 p

rin
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 t
he

 a
ut

ho
rit

at
iv

e 
ve

rs
io

n
 fo

r 
at

tr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Biomedical Politics 
http://www.nap.edu/catalog/1793.html

B-243

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 277 of 461
(322 of 506)



proxy for the deceased, who has no interests, rather than as a protector of their
own interests in what happens to those remains'' (Robertson, 1988:36). (Of
course, where the deceased has expressed his or her wishes, then the situation is
different.)

Although the panel accepted the structure of the UAGA (revised, 1987) as
generally adequate, it recommended a modification in policy for the donation of
fetal tissue in federally funded research. The UAGA allows either parent to
donate fetal tissue unless the other parent objects. The panel concluded,
however, that "the pregnant woman's consent should be necessary for donation
—that is, the father should not be able to authorize the donation by himself, and
the mother should always be asked before fetal tissue is used. In addition, her
consent or donation should be sufficient, except where the procurement team
knows of the father's objection to such donation" (DHHS/NIH, 1988:7).
Affirming that there is no legal or ethical obligation to seek the father's
permission, the panel nevertheless held that there is "a legal and ethical
obligation not to use the tissue if it is known that he objects (unless the
pregnancy resulted from rape or incest)" (DHHS/NIH, 1988:7). In its
recommendations on federal funding of HFTTR, the panel also stressed the
importance of compliance with state laws and noted that at least eight states
have statutes that prohibit the experimental use of cadaveric fetal tissue from
induced abortions (DHHS/NIH, 1988:13; Smith, 1988).

LIMITS ON DISCLOSURE OF INFORMATION AND
DECISION MAKING

Several times during its deliberations the panel addressed questions of the
disclosure of information, as well as the specificity of the woman's decision to
donate. On the one hand, the panel concluded that no information about the
donation and use of fetal tissue in research should be provided prior to the
pregnant woman's decision to abort, unless she specifically requested that
information (DHHS/NIH, 1988:3, 4). Donation, in contrast to informed consent
in medicine and research, generally does not presuppose the disclosure of
detailed information. Yet, in addition to the requirement of informed consent
for the research subject, that is, the recipient of the transplant, the woman
having the abortion and donating fetal tissue is herself a research subject insofar
as she provides a medical history and undergoes tests relevant to the research
transplant. Any research protocol reviewed by the institutional review board
(IRB) in a given situation will therefore involve procedures and consent
documents that pertain to the woman as a research subject, and the IRB must
determine the adequacy of the information disclosed to her when she is
considering "whether to consent to tests (e.g., for antibody to the human
immunodeficiency virus) to determine the ac
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ceptability of the fetal tissue for transplantation research" (DHHS/NIH, 1988:7).
Within the model of stages of disclosure of information and decision making
about the separate acts of abortion and donation, it is thus necessary to disclose
information about tests to determine the acceptability of fetal tissue as part of
the research protocol. Other issues include what to disclose to the pregnant
woman about the test results.

For various reasons that have already been identified—the desire to
separate the abortion decision from the donation decision, the desire to protect
pregnant women from exploitation and coercion, and the desire to avoid fanning
the flames of the abortion controversy—the panel recognized several limits on
the pregnant woman's autonomy without restricting the abortion decision itself.
In the UAGA there is no obligation to accept donated tissue and organs; hence,
the woman's right to give fetal tissue does not engender an obligation on the
part of anyone else to accept the gift. The pregnant woman has a right, the panel
argued, to request and receive information about donation of fetal tissue prior to
her abortion decision, but that information should not be disclosed to her as a
matter of course if she does not request it. Here again, the rationale is to
separate the two decisions to reduce the likelihood that knowledge of the
possibility of donating will influence the decision to abort. In addition, the panel
recommended that "the timing and method of abortion should not be influenced
by the potential uses of fetal tissue for transplantation or medical research"
(DHHS/NIH, 1988:4). In response to the assistant secretary's questions about
potential pressure to modify the timing and method of abortion to secure older
fetuses, the panel stressed that, according to the evidence it had received, there
were no pressures for later abortions. It further insisted that, "to the extent that
Federal sponsorship or funding is involved, no abortion should be put off to a
later date nor should any abortion be performed by an alternate method
entailing greater risk to the pregnant woman in order to supply more useful fetal
materials for research" (DHHS/NIH, 1988:14).

Stressing the express donation model embodied in the UAGA, the panel's
recommendations would allow the pregnant woman to choose whether to
donate fetal tissue for research or some other purpose and to receive as much
information as she needed regarding donation after she had decided to abort,
without allowing her to know or to designate the recipient. By contrast, the
1989 report of Britain's Committee to Review the Guidance on the Research
Use of Fetuses and Fetal Material (the so-called Polkinghorne report)
recommended indeterminate donation to the extent of providing "no knowledge
of what will actually happen to the fetus or fetal tissue"—to make it even less
likely that the possibility of beneficial use of tissue will influence the woman's
deci
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sion to have an abortion—and not allowing her "to make any direction
regarding the use of her fetus or fetal tissue" (p. 10). Reflecting differences in
sociocultural context, the British report does not emphasize the disclosure of
information to the pregnant woman to the same extent as the U.S. panel report
does. Similarly, the U.S. panel recommended the disclosure of the source of the
tissue—that is, that it came from a fetus or fetuses provided by induced abortion
—so that the potential recipient of the transplant could choose not to participate;
the British report recommended against such disclosure. However, both reports
recommended disclosure of information about the tissue source to health care
professionals.

OTHER ISSUES AND RECOMMENDATIONS

A few other issues and panel recommendations merit attention before we
turn to other developments, including recent public policy responses. The panel
insisted on procedures that would accord dead human fetuses "the same respect
accorded other cadaveric human tissues entitled to respect" (DHHS/NIH,
1988:1).

Although the panel did not discuss the implications of this
recommendation, the principle entails that the dead human fetus not be
subjected to procedures that are undignified or that show disrespect toward
"cadaveric human tissue." This position does not presuppose that the fetus is a
full human being; instead it may rest on other convictions—for example, that
the fetus is a potential human being and has symbolic significance even when
dead, or that respect for human fetal tissue is appropriate to avoid offending
those who view the fetus as a full or potential human being. At any rate, the
principle of equal respect implies that if it is justifiable to use any "cadaveric
human tissue" in transplantation research—for example, after accidents or
homicides—then it is justifiable to use cadaveric fetal tissue after abortions.

Throughout its deliberations the panel recommended institutional
procedures and arrangements to avoid conflicts of interest, that is, situations in
which parties might have some incentive to encourage pregnant women to abort
to provide fetal tissue. The panel concluded that concerns about the impact of
the use of fetal tissue on the practices of abortion clinics could be "best
addressed by strict adoption of a number of safeguards; safeguards that would
eliminate or at least radically reduce profit motives and tendencies toward
commercialization, and safeguards that would ensure the greatest possible
separation between abortion procedures, facilities, and personnel on the one
hand, and fetal-tissue research procedures, facilities and personnel on the other"
(DHHS/NIH, 1988:10). These safeguards included the insistence, in
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accord with current federal law and many state laws, that no fees be paid to the
abortion clinic "for its efforts in procuring fetal tissue (other than expenses
incurred in retrieving fetal tissue)" (DHHS/NIH, 1988:9; see also p. 10); in
addition, however, the panel recognized that, in order "to prevent abortion
clinics from making profits from fetal tissue donation, specific rules for what
counts as a reasonable payment for retrieval expenses may be required" (DHHS/
NIH, 1988:12). In accord with the spirit of the panel, other commentators have
recommended additional precautions to separate the practices; for example,
Annas and Elias (1989) argue that "to avoid any conflict of interest there should
be no academic incentive (such as co-authorship of publications or grant
support) or other incentive for the physician performing the abortion or anyone
else involved in the woman's care, to obtain her agreement for the use of fetal
tissue."

Another major set of issues centers on the justification of human fetal
tissue transplantation research, particularly from the standpoint of potential
recipients. According to federal regulations and common practice, ethically
justified research must satisfy several criteria, including favorable benefit-risk
ratios (Levine, 1986). Such benefit-risk analyses presuppose careful laboratory
and animal studies before research involving human subjects can be justified. In
response to Assistant Secretary Windom's question about whether animal
studies justify HFTTR for certain diseases, the panel concluded that "there is
sufficient evidence from animal experimentation to justify proceeding with
human clinical trials in Parkinson's disease and juvenile diabetes," but not
enough evidence from animal studies to justify proceeding with HFTTR for
other diseases (DHHS/NIH, 1988:14; see also pp. 19–20). The panel did not
have the research protocol that had been submitted to NIH and thus did not
approve or disapprove a specific research protocol as a peer review process or
institutional review board would have done.

OTHER DEVELOPMENTS AND PUBLIC POLICY RESPONSES

This case study has focused on the deliberations and recommendations of
the HFTTR panel. The panel's report was submitted to the Director's Advisory
Committee of NIH on December 14, 1988, with oral presentations by nine of
the ten panel members who attended (another absent panel member's statement
was entered into the record). The report of the Director's Advisory Committee,
Human Fetal Tissue Transplantation Research (December 14, 1988), notes that
the advisory committee members and NIH council representatives quickly
concluded that the panel's report was "an impressive and skillfully crafted
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document" that reflected "extensive and thoughtful work." "[G]iven the
divisiveness underlying our society, on the issues related to the topic under
consideration, the report represented a remarkable consensus" (Advisory
Committee to the Director', NIH, 1988:4). After reviewing and discussing the
panel's report, the advisory committee unanimously approved three
recommendations:

•   to accept the report and the recommendations of the panel as written;
•   to recommend that the assistant secretary for health lift the moratorium

on federal funding of human fetal tissue transplantation research
utilizing tissue from induced abortions; and

•   to accept current laws and regulations governing human fetal tissue
research with the development of additional policy guidance as
appropriate, to be prepared by NIH staff to implement the
recommendations of the panel (Advisory Committee to the Director,
NIH, 1988).

The panel's report and the advisory committee's report were not forwarded
to DHHS until January 1989, just before the end of the Reagan administration,
which took no action on the reports. After President Bush's inauguration,
controversy developed over his nominee for secretary of health and human
services, in part because of concerns about his stand on abortion and related
issues, including HFTTR. Hearings on Louis Sullivan's nomination included
attention to these matters, and during the hearings Sullivan commented that he
had not read the two reports an HFTTR and could not respond until he had done
so (Rich, 1989; Tolchin, 1989). The reports were not released to the public until
April 1989.

Then, on November 2, 1989, in a letter to acting NIH director William F.
Raub, Secretary Sullivan informed NIH of his decision to continue indefinitely
"the moratorium on Federal funding of research in which human fetal tissue
from induced abortions is transplanted into human recipients." Stressing his
office's discretion in the matter, as well as the extensive review and public
discussion, he identified several substantive considerations. First, the
administration and Congress had made it clear that DHHS should not fund
activities that encouraged or promoted abortion, and Sullivan was persuaded
that "permitting the human fetal research at issue will increase the incidence of
abortion across the country." He continued: "I am particularly convinced by
those who point out that most women arrive at the abortion decision after much
soul searching and uncertainty. Providing the additional rationalization of
directly advancing the cause of human therapeutics cannot help but tilt some
already vulnerable women toward a decision to have an abortion." In support of
his position he notes that 18 of the
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21 members of the panel agreed to begin their report with the statement that ''[i]
t is of moral relevance that human fetal tissue has been obtained from induced
abortions." However, he did not examine the different meanings this statement
about "moral relevance" had to the different panelists or consider the
significance of the fact that the three dissenters from this part of the report were
also opposed to HFTTR and dissented from the report as a whole.

Second, Secretary Sullivan doubted that the desired "strict wall" between
the abortion decision and the donation decision could be erected, however clear
it might be in theory, because it "may be necessary to consult pregnant women
before the abortion is actually performed" to be able to utilize postmortem
tissue promptly. This consultation could influence the woman's decision making
process.

Third, Sullivan noted that if the research proved successful, there would be
a demand for more fetal tissue. He seemed to suggest that there would be a
subsequent demand for more abortions, but did not address the question of
whether the current rate of abortions would be sufficient to provide the needed
tissue.

Finally, he noted that HFTTR can be continued in the private sector to
generate "whatever biomedical knowledge" might emerge. There has been some
privately funded HFTTR—for example, during fall 1988, at the University of
Colorado and Yale University, and it continues there and perhaps elsewhere in
the United States as well as abroad; yet some people express the fear that
without federal funding the field will not grow rapidly or attract the best
researchers. In addition, Sullivan's acceptance of private HFTTR did not
address the concern expressed by Judge Arlin Adams, chairman of the HFTTR
panel, who opposes abortion except in very limited situations:

Without government funding there undoubtedly would be many efforts to use
fetal tissue for medical research that would be completely unsupervised and
not governed by any guidelines. Thus if the National Institutes of Health
proceeds cautiously, and with carefully articulated safeguards and a program
of periodic reviews, there would be much greater assurance that carefully
crafted guidelines will be in place as an absolute condition to any research
procedures. Such an arrangement would protect pregnant women and fetuses
in a far more circumspect and intelligent manner than if the NIH did not
participate in any way. (Adams, 1988.26–27)

James Mason, assistant secretary for health, reiterated and further
amplified the views of DHHS, as expressed by Secretary Sullivan. In particular,
he averred that "if just one additional fetus were lost because of the allure of
directly benefiting another life by the donation of fetal tissue, our department
would still be against federal funding. . . .
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However few or many more abortions result from this type of research
cannot be erased or outweighed by the potential benefit of this research"
(Mason, 1990:17). He stressed moral and ethical factors (mainly having to do
with abortion) that had to be weighed with the potential benefits of the research
and called for a common effort to "find alternatives to fetal tissue
transplantation" and "explore other research paths that lead us to the same
ends." After the announcement of the indefinite extension of the moratorium,
some abortion opponents indicated that they would apply pressure to eliminate
not only transplantation research but all federally funded research involving
human fetal tissue (Kolata, 1989).

In view of the subsequent disregard by Secretary Sullivan of the panel's
conclusions, some panelists have indicated that they should have pressed for
stronger language—for example, in contending that HFTTR is not only
"acceptable public policy" but also "ethically acceptable"—because the
numerous efforts to find compromise language to gain the support of more
panelists left the report vulnerable at points and subject to neglect, misuse, and
misquotation. To take one instance, Assistant Secretary Mason claimed that the
majority of the panelists indicated that "moral and ethical considerations were
not central to their view of the issue" (Mason, 1990:17). Yet rather than denying
the centrality of "moral and ethical considerations," the panelists in the majority
arguably had a different view of the dictates of morality and ethics and offered a
different balance of such considerations.

Critics have sharply challenged DHHS's indefinite extension of the
moratorium. Thirty-two medical research and education organizations,
including the American Medical Association, the Association of American
Medical Colleges, and the American Academy of Pediatrics, wrote Secretary
Sullivan on January 4, 1990: "It is clear to us that the potential for good to result
from this research outweighs the concerns about the impact on the abortion rate
in this country, concerns that are at best speculative. Continuing the moratorium
ignores the suffering of millions of Americans" (Hilts, 1990). After reviewing
some documents and requesting others, Congressman Ted Weiss (D-N.Y.)
contends that DHHS has offered no documentation that HFTTR would increase
the number of abortions. In addition, he notes, even a member of DHHS's
Office of General Counsel conceded that an extension of the ban would have a
"shaky legal base" unless it was made permanent in the proper way through
public notice with public comment and then by establishing a rule (Hilts, 1990).
"The so-called indefinite moratorium," Congressman Weiss continues, "is a
thinly veiled scheme to ban Federal funds for fetal tissue transplant research
while avoiding the public outrage and scientific and legal scrutiny that would
result from establishing a per
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manent ban. . . . I am hopeful Secretary Sullivan will be able to get beyond
these abortion litmus tests to promote the crucial research that could be saving
the lives of thousands of seriously ill Americans" (Hilts, 1990).

Similar themes emerged in the April 2, 1990, hearings on human fetal
tissue research before the House Subcommittee on Health and the Environment
of the Committee on Energy and Commerce, chaired by Congressman Henry
Waxman. Following testimony from several members of the HFTTR panel, as
well as by the assistant secretary for health, bioethicist John Fletcher accused
the federal government of "moral recklessness" in the suppression and
repression of several forms of research relating to the fetus and the embryo. He
also noted the oddity of DHHS officials maintaining that it would be wrong for
the federal government to fund HFTTR without condemning (and even
apparently accepting) HFTTR funded through private sources.

CONCLUSION

In light of recent reports of the success of HFTTR for a Swedish (Lindvall,
1990) and a U.S. (Freed, 1990) patient with Parkinson's disease, the debate
about the moral justifiability of the moratorium can be expected to continue.
One former panelist, LeRoy Walters, has noted that the position taken by the
panel, in contrast to the moratorium by DHHS, is in accord with the
international ethical consensus on HFTTR using tissue from electively aborted
fetuses. He observes that the recommendations of various committees or
deliberative bodies around the world, which numbered at least nine by
December 1988 and have been increased by several others since then, display
"remarkable similarities." In fact, Walters says, there is "an impressive
international consensus on the ethical standards that should govern the use of
fetal tissue for research. The positions adopted in the panel's report are located
squarely in the middle of this international consensus" (Walters, 1988; see also
his testimony on April 2, 1990, before the Subcommittee on Health and the
Environment). While conceding that there is no guarantee that such an
international consensus is itself "ethically correct," Walters stresses that "we are
less likely to make a serious moral mistake when numerous groups of
conscientious men and women from around the world have sought to study the
issue with great care and have reached virtually identical conclusions about
appropriate public policy" (Walters, 1988). Within the United States, similar
proposals, with minor variations, have emerged in the last two years from such
groups as the Stanford University Medical Center Committee on Ethics (Greely
et al., 1989) and the Councils on Scientific Affairs and on Ethical and Judicial
Affairs of the American Medical Association (1990).
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This case study has offered in passing several comparisons with other
reports and actual or proposed policies in other countries, particularly the
proposals of the Polkinghorne Committee in the United Kingdom in 1989.
Several distinctive features of the social-political-cultural context in each nation
account for differences in specific guidelines even within a strong international
consensus on ethical standards. Obviously one major difference is the political
strength of various groups that press certain moral visions or interests, such as
the right-to-life movement in the United States. In addition, some concerns
about HFTTR may be particularly appropriate in the United States because of
special factors. First, many European countries have abortion laws that are more
restrictive than those of the United States and thus may have less reason to fear
the impact of HFTTR on abortion decision making and on the societal
acceptance of abortion (Clendon, 1989). Second, there may be important
differences in the commercialization and regulation of abortion clinics and of
tissue procurement. For example, it could be argued that the HFTTR panel in
the United States did not pay sufficient attention to actual institutional pressures
(Annas and Elias, 1989), whereas the Polkinghorne report, which also
recommended the separation of decisions regarding abortion and the use of fetal
tissue, called for an intermediary as a mechanism of separation of the practice
of abortion and the use of fetal tissue. (If there were more than one tissue bank,
they would all function under a single intermediary organization.)

Sociocultural differences may lead to such variations in guidelines and
approaches, even within a strong international consensus about the relevant
ethical standards. One important question in the United States is whether, as
some critics claim, public policy regarding HFTTR is being held hostage to the
society's uneasiness about abortion, or whether the recommendations of the
HFTTR panel or similar recommendations will be found to reflect an acceptable
balance of ethical concern for fetuses, prior to and after their deaths; for
pregnant women; for professionals and researchers; for patients who lack
effective therapies and are potential beneficiaries of HFTTR; and for social
integrity, including the democratic process. The debate is in part about how to
proceed in a situation of doubt; thus, it also becomes a question of which side
has the burden of proof when there is a lack of irrefutable evidence that it is
possible to separate abortion decisions and practices sufficiently from decisions
and practices regarding the use of fetal tissue following abortions. Because of
the lack of irrefutable evidence, the panel recommended that the secretary of
health and human services review the proposed guidelines at appropriate
intervals. As of this writing, the moratorium continues to be defended by the
secretary, and
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Congress is considering legislation that would require a lifting of the ban. There
is no doubt that this issue will continue to be argued on moral, ethical, legal,
political, and medical grounds for some time.

EDITOR'S NOTE: A bill (H.R. 5661) that would lift the ban on federally
approved fetal tissue transplantation research failed passage near the end of the
101st Congress. In January 1991, the American College of Obstetrics and
Gynecology and the American Fertility Society announced they will form a
national advisory board to monitor embryo and fetal tissue research in the
absence of federal guidelines.
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APPENDIX A

Appendix A is a March 1988 memorandum from the assistant secretary for
health to the director of the National Institutes of Health. The memo lists 10
questions that should be addressed by a Human Fetal Tissue Transplantation
Research Panel, once it is appointed and convened.

DELIBERATIONS OF THE HUMAN FETAL TISSUE TRANSPLANTATION
RESEARCH PANEL

241

A
bo

ut
 t

hi
s 

P
D

F
 f

ile
: 

T
hi

s 
ne

w
 d

ig
ita

l 
re

pr
es

en
ta

tio
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fr
om

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 t

yp
es

et
tin

g 
fil

es
. 

P
ag

e 
br

ea
ks

 a
re

 t
ru

e 
to

 t
he

 o
rig

in
al

; 
lin

e 
le

ng
th

s,
 w

or
d

 b
re

ak
s,

 h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 t

yp
es

et
tin

g-
sp

ec
ifi

c 
fo

rm
at

tin
g,

 h
ow

ev
er

, 
ca

nn
ot

 b
e

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rt

ed
. P

le
as

e
 u

se
 t

he
 p

rin
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 t
he

 a
ut

ho
rit

at
iv

e 
ve

rs
io

n
 fo

r 
at

tr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Biomedical Politics 
http://www.nap.edu/catalog/1793.html

B-254

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 288 of 461
(333 of 506)



DELIBERATIONS OF THE HUMAN FETAL TISSUE TRANSPLANTATION
RESEARCH PANEL

242

A
bo

ut
 t

hi
s 

P
D

F
 f

ile
: 

T
hi

s 
ne

w
 d

ig
ita

l 
re

pr
es

en
ta

tio
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fr
om

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 t

yp
es

et
tin

g 
fil

es
. 

P
ag

e 
br

ea
ks

 a
re

 t
ru

e 
to

 t
he

 o
rig

in
al

; 
lin

e 
le

ng
th

s,
 w

or
d

 b
re

ak
s,

 h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 t

yp
es

et
tin

g-
sp

ec
ifi

c 
fo

rm
at

tin
g,

 h
ow

ev
er

, 
ca

nn
ot

 b
e

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rt

ed
. P

le
as

e
 u

se
 t

he
 p

rin
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 t
he

 a
ut

ho
rit

at
iv

e 
ve

rs
io

n
 fo

r 
at

tr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Biomedical Politics 
http://www.nap.edu/catalog/1793.html

B-255

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 289 of 461
(334 of 506)



DELIBERATIONS OF THE HUMAN FETAL TISSUE TRANSPLANTATION
RESEARCH PANEL

243

A
bo

ut
 t

hi
s 

P
D

F
 f

ile
: 

T
hi

s 
ne

w
 d

ig
ita

l 
re

pr
es

en
ta

tio
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fr
om

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 t

yp
es

et
tin

g 
fil

es
. 

P
ag

e 
br

ea
ks

 a
re

 t
ru

e 
to

 t
he

 o
rig

in
al

; 
lin

e 
le

ng
th

s,
 w

or
d

 b
re

ak
s,

 h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 t

yp
es

et
tin

g-
sp

ec
ifi

c 
fo

rm
at

tin
g,

 h
ow

ev
er

, 
ca

nn
ot

 b
e

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rt

ed
. P

le
as

e
 u

se
 t

he
 p

rin
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 t
he

 a
ut

ho
rit

at
iv

e 
ve

rs
io

n
 fo

r 
at

tr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Biomedical Politics 
http://www.nap.edu/catalog/1793.html

B-256

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 290 of 461
(335 of 506)



DELIBERATIONS OF THE HUMAN FETAL TISSUE TRANSPLANTATION
RESEARCH PANEL

244

A
bo

ut
 t

hi
s 

P
D

F
 f

ile
: 

T
hi

s 
ne

w
 d

ig
ita

l 
re

pr
es

en
ta

tio
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fr
om

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 t

yp
es

et
tin

g 
fil

es
. 

P
ag

e 
br

ea
ks

 a
re

 t
ru

e 
to

 t
he

 o
rig

in
al

; 
lin

e 
le

ng
th

s,
 w

or
d

 b
re

ak
s,

 h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 t

yp
es

et
tin

g-
sp

ec
ifi

c 
fo

rm
at

tin
g,

 h
ow

ev
er

, 
ca

nn
ot

 b
e

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rt

ed
. P

le
as

e
 u

se
 t

he
 p

rin
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 t
he

 a
ut

ho
rit

at
iv

e 
ve

rs
io

n
 fo

r 
at

tr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Biomedical Politics 
http://www.nap.edu/catalog/1793.html

B-257

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 291 of 461
(336 of 506)



APPENDIX B

Human Fetal Tissue Transplantation Research Panel

Arlin M. Adams (Chair), Schnader, Harrison, Segal & Lewis, Philadelphia,
Pennsylvania

Kenneth J. Ryan (Chair, Scientific Issues), Chairman, Department of Obstetrics &
Gynecology, Brigham and Women's Hospital, Boston, Massachusetts

LeRoy Walters (Chair, Ethical and Legal Issues), Director, Center for Bioethics,
Kennedy Institute of Ethics, Georgetown University, Washington, D.C.

J. David Bleich, Professor of Law, Cardoza Law School, New York, New York
James Bopp, Jr., Brames, McCormick, Bopp, and Abel, Terre Haute, Indiana
James T. Burtchaell, Professor of Theology, Department of Theology, University of

Notre Dame, Notre Dame, Indiana
Robert C. Cefalo, University of North Carolina School of medicine, Chapel Hill,

North Carolina
James F. Childress, Chairman, Department of Religious Studies, University of

Virginia, Charlottesville, Virginia
K. Danner Clouser, Professor, Hershey Medical Center, Pennsylvania State

University, Hershey, Pennsylvania
Dale Cowan, Hematologist/Oncologist, Marymount Hospital, Garfield Heights, Ohio
Jane L. Delgado, President and Chief Executive Officer, National Coalition of

Hispanic and Human Services Organizations, Washington, D.C.
Bernadine Healy, Chairman, Research Institute, Cleveland Clinic Foundation,

Cleveland, Ohio
Dorothy I. Height, President, National Council of Negro Women, Alexandria,

Virginia
Barry J. Hoffer, Professor of Pharmacology, Department of Pharmacology,

University of Colorado, Denver, Colorado
Patricia A. King, Professor of Law, Georgetown University Law Center,

Washington, D.C.
Paul Lacy, Professor of Pathology, Washington University School of Medicine, St.

Louis, Missouri
Joseph B. Martin, Chief, Neurology Service, Massachusetts General Hospital,

Boston, Massachusetts
Aron A. Moscona, Professor, Department of Molecular Genetics and Cell Biology,

University of Chicago, Chicago, Illinois
John A. Robertson, Baker & Botts Professor of Law, University of Texas School of

Law, Austin, Texas
Daniel N. Robinson, Chair, Department of Psychology, Georgetown University,

Washington, D.C.
Charles Swezey, Annie Scales Professor of Christian Ethics, Union Theological

Seminary, Richmond, Virginia
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 1 

HOLD FOR RELEASE 
UNTIL PRESENTED 

BY WITNESS 
March 2, 2016 

  
Statement of 

Lawrence Goldstein, Ph.D. 
Distinguished Professor, Dept. of Cellular and Molecular Medicine, 

Dept. of Neurosciences  
Director, UC San Diego Stem Cell Program  

Scientific Director, Sanford Consortium for Regenerative Medicine  
Director, Sanford Stem Cell Clinical Center, UCSD School of Medicine 

 
before the 

 
Select Investigative Panel 

Of the 
Committee on Energy and Commerce 

United States House of Representatives 
  
  
Good morning Chairwoman Blackburn, Ranking Member Schakowsky, and other 

Members of the Committee. 

Thank you for the opportunity to testify before you this morning about the 

important and lifesaving research being done with fetal cells and fetal tissue, and to 

briefly share three examples of this research, and the potential impact of this 

research. 

 

Background  

My Bachelor’s degree in biology and genetics is from the University of California 

San Diego in 1976. 
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My Ph.D. in genetics is from the University of Washington in 1980. 

I did postdoctoral work at the University of Colorado at Boulder and MIT and was 

a junior faculty member and then tenured professor at Harvard University until 

1993. 

I moved to the University of California San Diego in 1993 where  

I am currently a distinguished professor in the department of Cellular and 

Molecular Medicine and the Department of Neuroscience. 

I serve as Director of the UC San Diego stem cell program, Scientific Director of 

the Sanford Consortium for Regenerative Medicine and Director of the Stanford 

Stem Cell Clinical Center. I have received numerous honors and awards for my 

work, including election to the American Academy of Arts and Sciences. 

  

I have been a practicing scientist for 40 years, most recently using all types of stem 

cells to understand and treat Alzheimer's disease, spinal cord injury, ALS, kidney 

and liver disease, and other terrible afflictions.   

  

On behalf of myself and the International Society for Stem Cell Research and the 

American Society for Cell Biology, two distinguished scientific and medical 

organizations with membership of more than 10,000 scientists around the world 

and based on over four decades of biomedical research experience, it is my 
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 3 

privilege to provide you with up to date and state of the art information about the 

important value of fetal tissue and cell research.  

  

Research 

My message is simple: fetal tissue and cells that would otherwise be discarded play 

a vital role in modern cutting edge medical research. These fetal tissues and cells 

cannot be replaced by embryonic stem cells, reprogrammed stem cells, or adult 

stem cells. These other cell types do not make astrocytes with identical properties 

as those from fetal sources. 

  

I'll give you three examples of vital cutting edge-state of the art medical research 

that depends upon the use of fetal tissue and cells that would otherwise be 

discarded: 1) Alzheimer’s disease; 2) spinal cord injury; and, 3) kidney generation. 

  

In the first example, my lab uses human reprogrammed stem cells to develop cells 

in culture that have the behavior of Alzheimer's disease. This devastating disease 

afflicts millions of Americans and costs the United States billions of dollars a year 

in health care costs. This number does not fully reflect the very real and terrible 

personal costs that so many American families, friends, and colleagues face with 

this disease. We do not have a cure, nor is one obviously in sight; we must find a 
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way to successfully treat this terrible disease. In my own lab, we use Alzheimer’s 

disease cells to understand why brain cells with Alzheimer’s disease are abnormal 

and to try to develop drugs. A type of cell that is valuable in this work is called an 

astrocyte, which is a support cell type in the brain. We use fetal astrocytes, which 

are vital to these research investigations. These fetal astrocytes provide growth 

factors that keep nerve cells healthy and other factors that are not yet defined that 

help the neurons establish connections and maintain long-term growth and 

viability. Although we can make cells that are similar to astrocytes from stem cells, 

the fetal astrocytes are the “gold standard” to which we compare astrocytes made 

from stem cells and which we cannot use yet to replace the fetal astrocytes because 

they are not identical in capacity to the best of our current knowledge. The fetal 

astrocytes are vital to these investigations, which I think will help conquer the 

terrible scourge of Alzheimer’s disease. 

  

In a second example, in the Center that I direct, the Sanford Stem Cell Clinical 

Center, fetal neural stem cells are being used in clinical trials for spinal cord injury 

in human patients. These fetal neural stem cells have previously been shown to 

yield remarkable results in animals that have spinal cord injury. These fetal stem 

cells, when implanted at the site of a spinal cord injury in animals develop into 

new neurons that appear to function as relays across the site of the injury rendering 
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the animals able to function in a way that is superior to their performance before 

the injury. As a result of these investigations, we have FDA approval to test the 

fetal stem cells in human patients. Physicians and surgeons in my center have 

initiated an FDA-approved phase 1 clinical trial of these cells and have implanted 

them in four patients to date. These surgeries are very arduous and the human 

volunteers are courageous in the face of uncertainty about their future. The trial is a 

success thus far.   We have learned that at a minimum the surgery is safe and the 

fetal cells are safe.  We will track the patients over the next few years to observe 

what we are hopeful will be evidence of beneficial effect on the patients’ paralysis. 

Our next goal is to advance this trial to cervical spinal cord injuries soon . We hope 

to see evidence of positive impact on these patients as time progresses over the 

next 3-5 years. This trial and others like it are vital to pushing medical science 

ahead in our attempts to cure spinal cord injury, which is a terrible affliction to 

patients and the families who care for them. These same fetal neural stem cells are 

also being used in NIH clinical trials at various sites around the country for another 

incurable and devastating disease called ALS or Lou Gehrig’s disease. 

  

In a third example, I chair the executive committee of a group of NIH-funded 

scientists who are working together to try to learn whether it is possible to build 

new kidneys from stem cells. The hoped-for building of new kidneys is significant 
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because 93,000 Americans are on waiting lists for kidney transplant. The goal of 

building a functional kidney is audacious, but one that I believe can be obtained 

with hard work, determination, and time. Fetal tissue that would otherwise be 

discarded is vital to the future of this investigation as it is only by examining this 

fetal tissue that it will be possible to determine the earliest biochemical signals that 

cells use to tell some cells to make kidneys and other cells to make other organs. 

  

Our ability to examine the earliest stages of human development are vital to our 

understanding and our ability to treat many diseases in the future including 

diseases of pregnancy, diseases of the placenta, and diseases of children and adults. 

Development of many of these new therapies will rely on our learning and 

understanding of the proper developmental signals that cells use at the earliest 

stages of development. We must continue to use fetal tissue that would otherwise 

be discarded and that is a window into the early stages of human development. 

Without fetal tissue, vital research such as the examples I have shared with you 

will be slowed down that would otherwise lead to therapies and vaccines sooner in 

the future and which could literally be life changing for individuals and their 

families in the future. 

 

Summary 
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Let me close by stating once again that in my opinion research with fetal tissue and 

cells that would otherwise be discarded is ethical, valuable, and vital to ongoing 

biomedical research projects. If we do not continue to use this tissue that is 

destined for discard, we forego the ability of researchers to continue to make 

timely and significant progress in mitigating if not eliminating devastating diseases 

like Alzheimer’s and improving the quality of life of many people in the future.  

 

I want to thank the Committee for allowing me the opportunity to share a 

researcher’s perspective on the importance of fetal tissue and cells to biomedical 

research. 

  

Chairwoman Blackburn, I would be pleased to respond to any questions you or the 

other Members of the Committee may have regarding my research. 
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One page summary of the testimony of Dr. Lawrence S. B. Goldstein to the Select Investigative 

Panel on Infant Lives Of the Committee on Energy and Commerce, United States House of 

Representatives 

1) Dr. Lawrence S.B. Goldstein is a highly qualified scientist who is knowledgeable about the 

value of fetal tissue research. 

2) Research with fetal tissue that would otherwise be discarded has great value in research on 

many different diseases including Alzheimers disease, spinal cord injury, ALS and others. 

3) Research with fetal tissue that would otherwise be discarded may help us learn how to 

construct new organs from stem cells. 

4) Research with fetal tissue that would otherwise be discarded cannot be replaced by research 

with other types of cells or with animals. 
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B Y  M E R E D I T H  W A D M A N

Cell 
division
In 1962, Leonard Hayflick created 

a cell strain from an aborted fetus. 

More than 50 years later, WI-38 

remains a crucial, but controversial, 

source of cells.

The woman was four months pregnant, but she didn’t want 
another child. In 1962, at a hospital in Sweden, she had a 
legal abortion. 

The fetus — female, 20 centimetres long and wrapped in 
a sterile green cloth — was delivered to the Karolinska Institute in 
northwest Stockholm. There, the lungs were dissected, packed on ice 
and dispatched to the airport, where they were loaded onto a trans-
atlantic flight. A few days later, Leonard Hayflick, an ambitious young 
microbiologist at the Wistar Institute for Anatomy and Biology in 
Philadelphia, Pennsylvania, unpacked that box. 

Working with a pair of surgical scalpels, Hayflick minced the lungs 
— each about the size of an adult fingertip — then placed them in a 
flask with a mix of enzymes that fragmented them into individual 
cells. These he transferred into several flat-sided glass bottles, to which 
he added a nutrient broth. He laid the bottles on their sides in a 37 °C 
incubation room. The cells began to divide. 

So began WI-38, a strain of cells that has arguably helped to save 
more lives than any other created by researchers. Many of the experi-
mental cell lines available at that time, such as the famous HeLa line, 
had been grown from cancers or were otherwise genetically abnormal. 
WI-38 cells became the first ‘normal’ human cells available in virtually 
unlimited quantities to scientists and to industry and, as a result, have 
become the most extensively described and studied normal human 
cells available to this day.

Vaccines made using WI-38 cells have 
immunized hundreds of millions of people 
against rubella, rabies, adenovirus, polio,  
measles, chickenpox and shingles. In the 1960s 
and 1970s, the cells helped epidemiologists to 

Leonard Hayflick, pictured in 1982, inspects WI-38 cells that he derived from aborted fetal lungs. The cells have been used to produce vaccines in use worldwide.
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identify viral culprits in disease outbreaks. Their normality has made 
them valuable control cells for comparison with diseased ones. And 
at the Wistar Institute, as in labs and universities around the world, 
they remain a leading tool for probing the secrets of cellular ageing 
and cancer. 

“Here’s a clump of cells that has had an enormous impact on human 
health,” says Paul Offit, chief of the division of infectious diseases at 
the Children’s Hospital of Philadelphia. “These cells from one fetus 
have no doubt saved the lives of millions of people.”

Few people, however, know the troubled history of the cells — one 
that may offer lessons for modern researchers seeking to work with 
human tissues. Six years after deriving his famous strain, Hayflick 
made off with stocks of the cells and later started to charge for ship-
ping them, prompting an epic legal battle with the US 
National Institutes of Health (NIH) in Bethesda, Mary-
land, about who owned the cells. That struggle nearly 
destroyed Hayflick’s career and raised questions about 
whether and how scientists should profit from their 
inventions.

What’s more, the WI-38 strain has helped to gener-
ate billions of dollars for companies that produce vac-
cines based on the cells, yet it seems that the parents 
of the fetus have earned nothing. That recalls the ear-
lier development of the HeLa cell line, named after the 
woman whose tumour gave rise to the cells and chronicled in Rebecca 
Skloot’s book The Immortal Life of Henrietta Lacks (Crown, 2010). 
As with HeLa, the WI-38 case highlights questions about if, and how, 
tissue donors should be compensated that are still urgently debated 
today. Last month, for example, some scientists in the United States 
found themselves barred from using new stem-cell lines derived from 
human embryos because women had been paid for the eggs used to 
make them (see Nature http://doi.org/mv2; 2013). 

The story of WI-38, unlike that of HeLa, also has its own controver-
sial twist because it was derived from an aborted fetus. For 40 years, 
anti-abortion activists have protested against the use of WI-38 and 
vaccines developed from it. “It’s still a live issue,” says Alta Charo, a 
professor of law and bioethics at the University of Wisconsin Law 
School in Madison. “We still have people who refuse to take these 
vaccines because of their origins in fetal tissue.” 

SEEKING CELLS
When Hayflick opened up that icy package from Sweden in 1962, he 
was working at the vanguard of virus research in the United States. At 
the time, the Wistar Institute was led by Hilary Koprowski, a polio-
vaccine pioneer who hired Hayflick to run the centre’s cell-culture 
laboratory and supply cells to researchers. But Hayflick also began 
investigating whether some human cancers might be caused by 
viruses. To do so, he needed a resource that did not yet exist: verifi-
ably normal human cells that could be reliably grown in the lab. Fetal 
cells, he thought, were an ideal candidate, because they were less likely 
to have been exposed to viruses than adult cells. 

Although abortions were technically illegal in Pennsylvania at the 
time, they were still performed when doctors said they were medi-
cally necessary. Hayflick says he was able to obtain fetuses straight 
from the operating room of the University of Pennsylvania Hospital 
across the street from Wistar. Unless the tissue was put to some use, 
he reasoned, “it was definitely going to end up in an incinerator”. 
The University of Pennsylvania says that it is unable to find records 
to confirm the source of fetal tissues used by Hayflick.

Hayflick developed 25 different fetal-cell strains, numbered WI-1 
to WI-25. But several months into the project, he began to notice 
something strange. Scientific orthodoxy held that cells in culture, 
properly treated, would replicate forever. But his oldest cell strains 
were beginning to replicate more slowly. Eventually, they stopped 
dividing altogether.

In 1961, Hayflick and his colleague Paul Moorhead published a 
paper1 that would become one of the most cited publications in biol-
ogy. Entitled ‘The serial cultivation of human diploid cell strains’, it 
showed that normal fetal cells stop replicating after about 50 popula-
tion doublings. The paper launched a new field: the study of cellular 
ageing. And the wall that the cells hit — which was later found to 
arrive much earlier for adult cells, which have already divided many 
times2 — became known as ‘the Hayflick limit’. 

Crucially, Hayflick and Moorhead also showed that the fetal cells 
remained viable after months in the freezer and that, once thawed, 
they would ‘remember’ how many replications they had been through 
and would pick up where they left off. “It’s apparent,” the authors 
wrote, “that by freezing cells at each subcultivation, or every few sub-

cultivations, one could have cells available at any given time and in 
almost limitless numbers.” What’s more, the pair’s cells turned out to 
be easy to infect with a broad range of human viruses, suggesting that 
they would be perfect vehicles in which to grow viruses for vaccines.

Hayflick decided to derive a fetal cell strain that he hoped would 
become both a ubiquitous laboratory resource and a substrate for 
industrial-scale vaccine manufacturing. He had support: in February 
1962, the National Cancer Institute awarded Wistar, with Hayflick as 
co-principal investigator, a contract “to produce, characterize, store 
and study human diploid cell strains and to distribute such cell strains 
to all qualified investigators”.

SUCCESSFUL STRAIN
By this time, Hayflick had turned to a different source for his fetal 
tissues: Sven Gard, chairman of the department of virology at the 
Karolinska Institute in Sweden, where abortion was legal. In June 
1962, Hayflick received the set of lungs that would give rise to WI-38. 
He cultured the cells for weeks, splitting them when they covered the 
bottom of a bottle, so that two bottles became four, four became eight 
and so on. By the time the original cell population had doubled nine 
times, there were hundreds of bottles.

On 31 July, in a marathon session for which he recruited a small 
army of technicians, Hayflick dispensed the cells into more than 800 
tiny glass ampoules, sealing each one with a quick pass through the 
flame of a Bunsen burner. Later, he transferred the precious ampoules 
to a liquid-nitrogen freezer in the Wistar’s basement.  

A year later, Hayflick received information from Sweden assuring 
him that the mother of the fetus and her family were free of cancer and 
hereditary diseases, something vaccine manufacturers would want to 
know. Although there is some indication that the mother consented to 
use of the tissue, Nature does not know for sure that she did. Swedish 
law at the time did not require such consent and, says Niels Lynöe, 
professor of medical ethics at the Karolinska Institute, “research ethi-
cal awareness in Sweden as well as in the US was rather low”, before the 
Helsinki declaration, a statement of human research ethics adopted by 
the World Medical Association in 1964. In Sweden, “research material 
like tissues from aborted fetuses were available and used for research 
without consent or the knowledge of patients for a long time”, both 
before and after consent rules were tightened later in the 1960s, says 
Solveig Jülich, a historian of medicine at Stockholm University. 

Armed with the ampoules, Hayflick now launched WI-38 on its 

 “These cells from one fetus 
have no doubt saved the 
lives of millions of people.”
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march around the globe. During his frequent flights abroad, he often 
toted a small liquid-nitrogen freezer bearing WI-38 ampoules. In this 
way, he hand-delivered the cells to colleagues in London, Moscow, 
Leningrad and Belgrade. He also mailed out hundreds of ‘starter’ 
cultures grown from the ampoules. Scientists were hungry for the 
cells in part because they were a cheap, plentiful model for studying 
the fundamental biology of normal human cells — and soon papers 
began to appear, probing everything from the cells’ respiration3 to 
their constituent fatty molecules4. 

WI-38 found a greater use in virology, where the ease of infecting 
the cells with a panoply of human viruses quickly made the strain 
an important virus-identification tool. In 1967, the cells became a 
workhorse in a World Health Organization survey of viruses caus-
ing lower respiratory tract infections in hospitalized children on four 
continents. 

Hayflick also supplied WI-38 liberally to aspiring vaccine- 
makers. One was Stanley Plotkin, a Wistar scientist and a physician 
who had seen at first hand the effects of the huge rubella epidemic that 
swept the United Kingdom 
and the United States in the 
early 1960s. Rubella can be 
devastating to fetuses whose 
mothers are infected: those 
that are not killed in utero are 
frequently born blind, deaf, 
mentally disabled or with 
some combination of these 
conditions.

Working at the Wistar, 
Plotkin grew rubella in 
WI-38 at 30 °C, cooler than 
body temperature, creating 
a weakened strain that still 
fired up the immune system 
enough to protect against 
future infections. Trials 
showed that his vaccine 
induced better immunity 
against rubella than com-
petitors5. Plotkin’s vaccine 
was licensed in Europe in 
1970 and in the United States in 1979. A version made by the phar-
maceutical company Merck, based in New Jersey, is today the only 
rubella vaccine available in the United States, and GlaxoSmithKline 
uses Plotkin’s weakened virus in a rubella vaccine that it markets in 
Europe and Australia. 

The rubella vaccine was only one of many made using WI-38. In 
the 1960s, a WI-38-based measles vaccine was licensed in the former 
Soviet Union and Koprowski developed a rabies vaccine using the 
cells. In the early 1970s, the pharmaceutical company Wyeth (now 
part of Pfizer) launched an oral adenovirus vaccine developed using 
WI-38 and Pfizer, based in New York, used WI-38 to make a vaccine 
against polio. Today, the cells are also used by Merck to make vaccines 
against chickenpox and the painful nerve infection shingles.

SENSE OF EXCLUSION
Despite his groundbreaking paper and the growing prominence of 
WI-38, Hayflick felt like a second-class citizen at the Wistar Insti-
tute. He was never promoted to a full member, and he believed that 
Koprowski, much as he publicly bragged about WI-38, saw him as 
more of a technician than a scientist. (Koprowski died last April.) 

Hayflick’s simmering sense of exclusion boiled over when one day, 
Hayflick says, he learned that Koprowski had offered a guaranteed 
supply of WI-38 to the British drug-maker Burroughs Wellcome (one 
of the companies that merged into GlaxoSmithKline), along with 

Hayflick’s cell-culture technology for producing live polio vaccine6, 
all in exchange for royalties to the institute. Hayflick says that he was 
shocked that Koprowski intended the institute to profit from WI-38 
and believes that it had kept him in the dark. 

Hayflick found a new job as a professor of medical microbiology 
at Stanford University in California, to start in July 1968. In January 
that year, he met to discuss the fate of the 370-odd remaining WI-38 
ampoules with Koprowski and representatives from the NIH and the 
American Type Culture Collection (ATCC), then in Rockville, Mary-
land, a non-profit organization that distributes cell cultures. The partici-
pants agreed that Hayflick could take ten ampoules of WI-38 with him 
to Stanford, and that ten would stay at the Wistar. The rest would remain 
the property of the NIH’s cancer institute and were to be transferred to 
the ATCC, which would handle distribution from that point on. 

Hayflick was troubled by the plan, which he says he felt under 
pressure to sign. And he felt a sense of injustice. Companies, and the 
Wistar, he now believed, were profiting from cells he had created and 
handed to them freely. “To then have [them] descend on what I had 

struggled so hard to give value 
to, and try to take it for their 
own benefit,” he says. “I think 
that an average person would 
be capable of understanding 
why I was — to put it mildly 
— concerned.” The Wistar 
Institute says that it acted eth-
ically in conducting research 
that led to the development 
of WI-38 and that it received 
royalties from licensed vac-
cines grown in WI-38 cells but 
not from licensing the cells.

At some point after that 
January meeting, Hayflick 
made a quiet trip to the 
Wistar basement and packed 
all the WI-38 ampoules into 
a portable, 30-litre liquid-
nitrogen tank. In June 1968, 
he strapped the container 
into the back seat of his green 

Buick LeSabre next to two of his children, and motored to California. 
“I just absconded with the cells,” Hayflick says with a wry smile.

Once in Stanford, Hayflick began charging for many of the WI-38 
cultures that he was sending out to hundreds of scientists who were 
still asking for them. His fee was US$15 — the same amount charged 
by the ATCC for cell shipments — and he banked the money in an 
account he called ‘Cell Culture Fund’. By May 1975, he had accrued 
more than $66,000.

Hayflick was determined, he says, to keep the funds in a separate 
account until some independent legal authority could determine who 
owned the cells. The issue didn’t come up until the spring of 1975, 
when he was interviewed at the NIH as a candidate to direct its new 
National Institute on Aging. The NIH decided to turn to its Division 
of Management Survey and Review, an office that investigated allega-
tions of mismanagement of NIH funds. It sent three accountants to 
Hayflick’s Stanford lab, where they spent days going over records and 
assessing his inventory of WI-38.

Their report became public in March 1976, when the NIH provided 
it under the Freedom of Information Act (FOIA) to several journal-
ists. Accounts of its contents soon appeared in Science and on the 
front page of The New York Times. “Within 24 hours my career was in 
the sewer,” Hayflick says. The report said that Hayflick had sold “the 
property of the United States Government” and banked the money; 
that the WI-38 ampoules had been poorly accounted for; and that 
some ampoules were contaminated with bacteria. Hayflick strongly 

Hilary Koprowski, director of the Wistar Institute, is inoculated by Stanley Plotkin 
with rabies vaccine developed using WI-38, in 1971. 
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disagrees with the report. He says that no legal decision gives the 
government title to WI-38; that he sequestered the funds received for 
preparing and shipping WI-38 in an account until ownership could 
be established; and that no evidence has ever been provided for the 
assertion of mismanagement. Hayflick explains that, contrary to com-
mon practice in 1962, he had not laced the cells with 
antibiotics at the outset because vaccine manufacturers 
feared allergic reactions to the drugs.

Shortly before the Science article7 was published, 
Hayflick sued the NIH. He argued that the agency had 
violated the 1974 Privacy Act by making his name and 
the allegations against him available under the FOIA 
without including his rebuttal. He also sued for title to 
WI-38 and its proceeds. By then, Hayflick was also facing 
a criminal investigation: Stanford University had alerted 
local prosecutors that the case could be one of criminal 
theft of government property. (The prosecutors subse-
quently found no grounds for criminal investigation and 
dropped the case.) Meanwhile, some vaccine manufacturers, fearing 
that there would not be enough stock of WI-38 to meet future needs, 
switched much of their work to an alternative fetal cell strain, MRC-5. 

Hayflick resigned from Stanford in February 1976 and was soon in 
an unemployment line collecting $104 a week. Not only was he job-
less, he was without the cells that he described to Science that spring 
as “like my children”. The NIH had taken them from his lab while he 
was at a conference the previous year.

CHANGING TIMES
Some months later, Hayflick landed a job across the San Francisco Bay 
at the Children’s Hospital, Oakland, and sought to revive his research 
on ageing. In 1977, peer reviewers approved his application for a 
three-year NIH grant and, after a lengthy fight with the NIH to get 
both the funding and some WI-38 cells, in January 1981 he received 
six of the original ampoules of cells. 

One month earlier, the Bayh–Dole Act had become law, giving 
institutions the right to claim title to inventions made using govern-
ment funds, as long as they gave the inventors a piece of the royal-
ties. Hayflick’s invention predated the law, but the new mindset that 
Bayh–Dole represented made it harder for the government to justify 
the continued legal fight over WI-38, which by then had stretched 
on for nearly five years. In summer 1981, the Department of Justice 
wrote to Hayflick’s lawyers, offering to settle the lawsuit out of court, 
and Hayflick assented. With both sides agreeing that the issues were in 
reasonable dispute, and neither side admitting liability, the settlement 
allowed Hayflick title to the six original WI-38 ampoules now in his 
possession, and to their progeny. The government would retain title 
to the 19 original ampoules in its hands. As for the proceeds from his 
sales of WI-38, which, with interest, had grown to around $90,000, 
Hayflick would keep it. He spent it all, he says, and more, to pay his 
lawyers; he has never profited financially from WI-38, he says.

Scientists, meanwhile, were continuing to benefit academically 

from the cells. By the mid-1980s, thanks to revolutionary new tools 
in molecular biology, WI-38 was helping them explore everything 
from gene expression in human leukaemias8 to the effects of the  
just-cloned tumour necrosis factor9, an important immune  
regulatory protein.

The cells have played “a very critical role in studying cellular senes-
cence,” adds Rugang Zhang, who works in this field at the Wistar 
Institute. That’s because they so reliably stop replicating after about 
50 divisions and because scientists have, over time, built up a wealth 
of knowledge about the reasons why. In the 1990s, for instance, WI-38 
was used to discover the most widely used marker of cellular senes-
cence10. More recently, Zhang’s team used the cells to discover a path-
way by which the complex of DNA and proteins known as chromatin 
controls cell proliferation11.

But the controversies surrounding the cells have rumbled on. Back 
in July 1973, Hayflick received a call at home from a senior medical 
officer at NASA. Skylab 3 had taken off several hours earlier from 
the Kennedy Space Center in Florida, bound for the Space Station. 
The NASA physician was contending with anti-abortion demonstra-
tors who were protesting about the presence aboard of WI-38 cells, 
which were going to be used to detect the effects of zero-gravity on 
cell growth and structure. Once Hayflick explained that the abortion 
from which the cells were derived had occurred legally in Sweden, 
the physician said that he would defuse the situation — but concerns 
among anti-abortionists about WI-38 have lasted to this day.

“Other vaccines are produced in a completely morally non-objec-
tionable way. So why aren’t we doing this with all vaccines?” says Debi 
Vinnedge, the executive director of Children of God for Life, a group 
based in Largo, Florida, that opposes the use of WI-38 in vaccine-
making. In 2003, Vinnedge wrote to the Vatican asking for an official 
position on whether Catholics could ethically receive vaccines made 
using cells from aborted fetuses. She waited two years for an answer. 
The letter, when it came, concluded that where no alternative exists, 
it is “lawful” for parents to have their children immunized with vac-
cines made using WI-38 and MRC-5, to avoid serious risk to their 
own offspring and to the population as a whole. 

Still, the Vatican wrote, faithful Catholics should “employ every 
lawful means in order to make life difficult for the pharmaceutical 
industries” that use such cells. Merck, a major producer of Plotkin’s 
rubella vaccine, has been a perennial target of abortion opponents, 
who have pressed the issue at Merck’s US shareholder meetings. 
(Merck said in a statement to Nature that “it would be exceedingly 
difficult, if at all possible, to develop and test an alternative”, and 
emphasized the vaccine’s long record of safety and effectiveness.) 
The irony of the protest is not lost on Plotkin. “I am fond of saying 
that rubella vaccine has prevented thousands more abortions than 
have ever been prevented by Catholic religionists,” he says. 

Profits from Merck’s rubella vaccine represent a big slice of the bil-
lions of dollars that have been made from products that have involved 
the use of WI-38. Among the other companies that have made money 
from WI-38 are Barr Laboratories (now part of Teva Pharmaceuticals, 
based in Petach Tikva, Israel), which today makes the adenovirus vac-
cine given to all US military recruits, and Sigma Aldrich in St Louis, 
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 Some original 
glass ampoules 
of WI-38 cells, 
created in 1962.

 “We still have people who 
refuse to take these vaccines 
because of their origins in 
fetal tissue.”
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Missouri, which charges $424 in the United States for a vial of the cells. 
 Legal experts say it is unlikely that the parents of the fetus, or their 

heirs, would have any legal grounds to demand compensation for tis-
sue collected over 50 years ago. At the time that WI-38 was derived, 
use of tissue without consent was routine in the United States, as it 
was in Sweden. Under current rules, researchers supported by US 
government grants are free to make use of surgically removed tissue 
— including aborted tissue — that has been stripped of its identifiers,  
without consent. However, some states have stricter rules.

But, says Charo, “if we continue to debate it entirely in legal terms, 
it feels like we’re missing the emotional centre of the story”. It could 
be argued, she says, “that if somebody else is making a fortune off of 
this, they ought to share the wealth. It’s not a legal judgment. It’s a 
judgement about morality.” 

The scientists and academic institutions that have worked with 
WI-38 and that commented for this story say that they do not see 
their work on the cells as unethical, in part because of the standards 
that existed at the time the cell strain was created. It is unfair, say some, 
to examine past acts by today’s more stringent ethical expectations. “At 
the time [the fetus] was obtained there was no issue in using discarded 
material,” says Plotkin. “Retrospective ethics is easy but presumptu-
ous.” Most companies in this story declined to comment; GlaxoSmith-
Kline says that it is committed to upholding high ethical standards. 

Regarding the situation today, Scott Kominers, a research scholar 
at the Becker Friedman Institute at the University of Chicago, Illinois, 
argues that offering donors a share in future profits from their tissues 
could encourage them to donate and fuel medical progress12. “We think 
that if you offer some sort of value-based compensation you’d be likely 
to boost tissue supply,” he says. But Steven Joffe, a paediatric oncolo-
gist who directs the ethics programme at Harvard’s translational medi-
cine centre in Boston, Massachusetts, is concerned that compensating 
donors may paradoxically decrease their willingness to donate tissues, 
by taking altruism out of the equation. What’s more, he says, the one-to-
one relationship of WI-38, or of HeLa, to a donor, is rare. Far more often, 
modern medical products — such as therapeutic proteins extracted 
from donated blood — come from many samples combined. In these 
cases, he says, “trying to account for all these multiple holders of rights 

to income streams would just bring science to a standstill”.
If nothing else, the WI-38 story highlights the benefits of discuss-

ing the issues of compensation and consent with tissue donors at 
the outset. In the case of WI-38, suggests Charo, returning to the 
donor now, even with an offer of compensation, “may also be a way 
of re opening an experience that may for her have been painful. You 
have to be careful.”

Hayflick argues that there are at least four stakeholders with title 
to WI-38 or any human cell culture: the tissue donors, the scientists 
whose work gave it value, the scientists’ institution and the body that 
funded the work. “Like me”, he adds, “hundreds of other scientists had 
their careers advanced using WI-38 and other human cell cultures so 
we all owe a moral debt to the tissue donors.”

Now 85 and regarded as a grand old man of ageing research, Hay-
flick hung onto his ampoules of WI-38 for decades, keeping them for 
many years in the garage of his home in California. But in 2007, weary 
of monthly treks to collect fresh liquid nitrogen, he donated them to 
the Coriell Institute in Camden, New Jersey, which, he says, he trusts 
to bank them safely. 

In the end, he says, letting the cells go was no more traumatic than 
launching his own five biological offspring into the world: “It was 
about time that my ‘children’ — now adults — should leave home.” ■

Meredith Wadman is Nature’s biomedical reporter in Washington 
DC. SEE EDITORIAL P.407.
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Leonard Hayflick today at his house in Sea Ranch, California. “We all owe a moral debt to the tissue donors,” he says.
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THE TRUTH 
ABOUT FETAL TISSUE RESEARCH

The use of aborted fetal tissue has sparked controversy in the United States,  

but many scientists say it is essential for studies of HIV, development and more.

B Y  M E R E D I T H  W A D M A N

Every month, Lishan Su receives a small test tube on ice from a 
company in California. In it is a piece of liver from a human fetus 
aborted at between 14 and 19 weeks of pregnancy.

Su and his staff at the University of North Carolina at Chapel 
Hill carefully grind the liver, centrifuge it and then extract and 

purify liver- and blood-forming stem cells. They inject the cells into the 
livers of newborn mice, and allow those mice to mature. The resulting 
animals are the only ‘humanized’ mice with both functioning human 
liver and immune cells and, for Su, they are invaluable in his work on 
hepatitis B and C, allowing him to probe how the viruses evade the 
human immune system and cause chronic liver diseases. 

“Using fetal tissue is not an easy choice, but so far there is no better 
choice,” says Su, who has tried, and failed, to make a humanized mouse 
with other techniques. “Many, many biomedical researchers depend 
on fetal tissue research to really save human lives,” he says. “And I think 
many of them feel the same way.”

1 7 8  |  N A T U R E  |  V O L  5 2 8  |  1 0  D E C E M B E R  2 0 1 5

FEATURENEWS

© 2016 Macmillan Publishers Limited. All rights reserved

B-285

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 324 of 461
(369 of 506)



An explosive climate has surrounded US research with fetal tissues 
since July, when an anti-abortion group called the Center for Medical 
Progress in Irvine, California, released covertly filmed videos in which 
senior physicians from the Planned Parenthood Federation of America 
bluntly and dispassionately discussed their harvesting of fetal organs 
from abortions for use in research. Planned Parenthood is a non-profit 
women’s health provider that received US$528 million of government 
money in 2014, much of it in reimbursements for services ranging from 
contraception to cancer screenings, which it provides largely to poor 
women. Abortions, which are performed at about half of Planned Par-
enthood’s 700 clinics, constitute 3% of its services. A handful of clinics 
in two states supply fetal tissue for research.

The videos provoked a furore that has intensified over the past few 
weeks. On 3 December, the Republican-led US Senate voted to strip 
Planned Parenthood of government funding. This is despite the fact that 
fetal tissue research is legal, the US National Institutes of Health (NIH) 
has been funding it for decades and President Obama is sure to veto the 
bill, should it reach his desk. A few days earlier, on 27 November, a gun-
man shot dead three people at a Planned Parenthood clinic in Colorado 
Springs, Colorado. In a post-arrest interview, the suspect is reported to 
have said “no more baby parts”. 

The episode has shone a spotlight on a little-discussed arm of  
biomedical research, raising the questions of why, how and how widely 
fetal tissue is used. To find out, Nature turned to an NIH database of 
research grants funded in 2014 to find those using fresh human fetal 
tissue, and in October contacted 18 researchers working with it. Su 
was one of only two who were willing to be interviewed. Most requests 
were declined or went unanswered; a public-affairs officer at one major 
Texas university refused to have a researcher speak to Nature to keep 
that person “safe”. 

The figures show that in 2014, the NIH funded 164 projects using 
the tissue, at a cost of $76 million. This is slightly less than half of 
what the agency spent on work with human embryonic stem cells 
(ES cells), which has also been highly controversial, and 0.27% of the 
$27.9 billion it spent on all research. (By comparison, the UK Medi-
cal Research Council spent 0.16% — £1.24 million ($1.9 million) — 
of its total spending on research 
on five projects involving fetal 
tissue in the 12 months up to 31 
March 2015.) Analysis of the NIH 
projects shows that the tissue is 
used most heavily for research 
on infectious diseases, especially 
HIV/AIDS; in the study of reti-
nal function and disease; and in 
studies of normal and anoma-
lous fetal development (see ‘Fetal  
tissue research by discipline’). 

Opponents argue that the work 
is not necessary because other 
model systems and techniques can be used. “This is antiquated sci-
ence,” says David Prentice, the vice-president and research director at 
the Charlotte Lozier Institute, the research arm of the Susan B. Anthony 
List, which is an anti-abortion organization in Washington DC. “There 
are better and, frankly, more successful alternatives.” 

But supporters of the research counter that fetal tissue is legally 
obtained, that it would otherwise be destroyed, that such work has 
already led to major medical advances and that, if there were better 
alternatives, they would turn to them. “Fetal tissue is a flexible, less-
differentiated tissue. It grows readily and adapts to new environments, 
allowing researchers to study basic biology or use it as a tool in a way 
that can’t be replicated with adult tissue,” says Carrie Wolinetz, the NIH’s 
associate director for science policy. 

“I get very frustrated when misinformed people go on about how it 
can all be done with computer models or cell cultures or stem cells or 
animals,” says Paul Fowler, a reproductive biologist at the University of 

Aberdeen Institute of Medical Sciences, UK, who in January published a 
study using livers from aborted fetuses to probe the impacts of maternal 
smoking on liver development1. “In some areas, the human is absolutely 
dramatically different than rodents.”

Some argue that the entire episode represents a thinly cloaked attempt 
to attack and limit access to abortion by eroding support and funding 
for Planned Parenthood. “People are talking about fetal tissue, but really 
what this discussion is about is abortion,” says Shari Gelber, a specialist 
in maternal–fetal medicine at Weill-Cornell Medical College in New 
York City, who has argued for the value of the research. 

LABORATORY LINES
Cell lines derived from aborted fetal tissue have been fairly common-
place in research and medicine since the creation in the 1960s of the 
WI-38 cell strain, which was derived at the Wistar Institute in Philadel-
phia, Pennsylvania, and MRC-5, which came from a Medical Research 
Council laboratory in London (see Nature 498, 422–426; 2013). Viruses 
multiply readily in these cells, and they are used to manufacture many 
globally important vaccines, including those against measles, rubella, 
rabies, chicken pox, shingles and hepatitis A. 

Companies have shipped at least 5.8 billion vaccines made with these 
two cell lines which, with others, have become standard laboratory tools 
in studies of ageing and drug toxicity. (Research with such lines is not 
covered by US regulations governing the use of fresh fetal cells and tissue 
nor captured in the NIH database.) In the past 25 years, fetal cell lines 
have been used in a roster of medical advances, including the produc-
tion of a blockbuster arthritis drug and therapeutic proteins that fight 
cystic fibrosis and haemophilia. 

But off-the-shelf fetal cell lines are of limited use for scientists because 
they do not faithfully mimic native tissue and represent only a subset 
of cell types: WI-38 and MRC-5, for example, were derived from fetal 
lungs. The lines can also accumulate mutations after replicating in vitro 
over time. And creating humanized mice such as Su’s requires whole 
pieces of fetal organs to provide sufficient numbers of stem cells. For all 
of these reasons, researchers turn to fresh tissue. 

In the United States, this is collected at medical centres and clinics  
that perform abortions under a 
patchwork of laws and regula-
tions governing consent, tissue 
collection and transfer (see ‘Fetal 
tissue and the law’). US law says 
that clinics can recover “reasona-
ble payments” to offset the costs of 
providing the tissue, but it makes 
it a felony to profit from doing 
so. Planned Parenthood officials 
say that its clinics obtain full and 
informed consent from women 
choosing to donate fetal remains 
for research, and the organization 

announced in October that its clinics will no longer recover costs of 
$45–60 per specimen for collecting the tissue. 

From the clinics, fetal tissue is then often passed to biological-research 
supply companies, which act as intermediaries and process the tissue 
before selling it to researchers. Su pays $830 for each sample of fetal 
liver tissue supplied to his lab by one of the most widely used suppliers, 
Advanced Bioscience Resources in Alameda, California. 

HIV AND AIDS
The category of fetal tissue work that draws most NIH funding is 
the study of HIV and AIDS: it accounts for 64 of the 164 NIH grants. 
Researchers in this field have long struggled with the paucity of effec-
tive models for this uniquely human disease. The standard models, 
macaques, are expensive to breed, are infected with SIV instead of HIV 
and have immune responses that are different from those of people. 
The flexibility and adaptability of fetal tissue — and its richness as a 
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IS NOT AN EASY CHOICE, 

BUT SO FAR THERE IS 
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The US National Institutes of Health funded 164 projects using 
human fetal tissue in the 2014 fiscal year, in these research areas: 

FETAL TISSUE RESEARCH BY DISCIPLINE

HIV/AIDS 39%

Developmental biology 18

Eye development and disease 14

Other infectious diseases
e.g. hepatitis C 13

Miscellaneous
e.g. type 1 diabetes 8

In utero diseases, toxic exposures
and congenital conditions 7

Fetal tissue repository 1

source of stem cells — has allowed the creation of a number of mice with  
humanized immune systems. 

Prominent among these is the BLT (bone marrow–liver–thymus) 
mouse, which was created in 2006 (ref. 2). This model is made by 
destroying the animal’s immune system and then surgically transplant-
ing liver and thymus tissue fragments from a human fetus into the 
mouse. The immune system is further humanized with a bone-marrow 
transplant, using blood-forming stem cells from the same fetal liver. 
The animal enables studies of, for instance, immune responses that are 
key to developing an effective HIV vaccine. The mouse has “acceler-
ated the study of HIV pathogenesis and novel approaches to harness 
anti-viral immunity to control HIV”, reads a recent review by several 

NIH-funded scientists who are using the mouse3. 
The mouse has also helped to demonstrate that prophylactic drugs 

may prevent vaginal HIV infection — a strategy that is now in late-
stage human trials. The animal is currently being used to examine how 
genital infection with herpes simplex virus alters immunity at the vagi-
nal mucosa, making it easier for HIV to infect. In a similar vein, Su is 
now using his humanized mouse to examine the mechanisms by which  
hepatitis C and HIV co-infection can hasten liver disease. 

There are drawbacks: the BLT mouse’s average lifespan is  
relatively short, at only around 8.5 months, because the animals tend 
to develop cancers of the thymus. And the humanized immune system 
is not inherited, so the model must be created again and again — lead-
ing to the constant demand for fetal tissue that so disturbs abortion  
opponents. 

HUMAN DEVELOPMENT
In some research areas, fetal tissue may, in time, be replaced by other 
materials and methods: alternative, flexible cell types, including human 
ES cells and induced pluripotent stem (iPS) cells, and organoids, which 
are lab-created cellular structures that resemble tissue from normal 
organs (see Nature 523, 520–522; 2015). But there is one area in which, 
scientists say, fetal tissue is needed by definition: studies of early human 
development, and why it sometimes goes wrong. 

“Human fetal tissue is likely never going to be replaced in some 
areas of research, particularly relative to fetal development,” says  
Wolinetz. And the application of such work goes far beyond under-
standing developmental disorders such as congenital heart disease or 
other malformations, says Neil Hanley, an endocrinologist at the Uni-
versity of Manchester, UK. “For a wide range, now, of adult diseases and 
disorders, we know that they have their origins during very early human 
development,” he says — type 2 diabetes and schizophrenia are both 
cases in point. “And unless you understand normal you’re not going to 
understand abnormal.” 

The 30 developmental-biology grants involving fetal tissue that were 
awarded by the NIH in 2014 range from a study of the differentiation 
of myoblasts, which are the embryonic precursors of muscle cells, to 
several examinations of development of the urogenital tract — studies 
with relevance, for instance, to hypospadias, a common condition in 
which the urethra fails to close and the underside of the penis is incom-
pletely formed. One project is creating a three-dimensional atlas of gene 
expression in the genital tubercle, the precursor of the penis. Another 
is probing gene activity in cells lining the fetal intestine to help explain 
excessive intestinal inflammation in premature babies. Hanley says that 
such studies are important, particularly because gene regulation — the 
finely tuned symphony that controls when and where genes are active — 
can vary strikingly between species, so findings in other animals often 
do not hold true in humans.

More than half of the 30 grants are for studies of brain development, 
and many of these projects are seeking advances in combating maladies 
such as autism, schizophrenia and Alzheimer’s disease. Larry Gold-
stein, a neurobiologist at the University of California San Diego School 
of Medicine in La Jolla, uses cells called astrocytes from the brains of 
aborted fetuses to nourish neurons that he has derived from iPS cells and 
that have mutations associated with Alzheimer’s disease. The astrocytes 
are thought to secrete factors that keep the neurons healthy in culture, 
and he uses the system to study the pathogenesis of the disease and to 
test potential drugs. 

Goldstein hopes eventually to derive the astrocytes, too, from iPS 
cells. But “the human fetal astrocytes that we get at present are the gold 
standard that we use, and will use, to compare astrocytes that we make 
by differentiation”, he says. He has also used neurons from aborted fetal 
brains to compare with the neurons made from iPS cells4. “As long as 
fetal tissue is available, this is a very valuable use of it,” he says. 

Another 23 of the NIH grants using fetal tissue involve eye  
development and disease. Damage to the retinal pigment epithelium 
(RPE), a single layer of cells at the back of the eye, has a key role in a 
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Fetal tissue and the law

Regulations governing US-funded fetal tissue research, first 
issued in 1975, state that: 

 ● The research must comply with all applicable US, state and 
local laws and regulations.

 ● If information associated with the fetal tissue allows it to be 
traced to a living individual, that person becomes a research 
subject and informed consent from the donor is required for its 
use.

(Laws in at least 40 states require informed consent from the 
woman even if the fetal tissue will be anonymized.)

Additional requirements from a 1993 US law: 
 ● Providers may not transfer fetal tissue for profit, but can receive 

funds to cover ‘reasonable payments’, such as for processing, 
storage and transportation. 

 ● Researchers may not acquire fetal tissue if they know that 
a pregnancy was initiated in order to provide that tissue for 
research.

 ● Violators of either provision above are subject to criminal 
penalties of up to ten years in prison, up to US$500,000 in fines, 
or both. These apply to both the tissue supplier and the tissue 
receiver in a transaction. 

1 8 0  |  N A T U R E  |  V O L  5 2 8  |  1 0  D E C E M B E R  2 0 1 5

FEATURENEWS

© 2016 Macmillan Publishers Limited. All rights reserved

B-287

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 326 of 461
(371 of 506)



number of eye diseases, including age-related macular degeneration, the 
most common cause of blindness in adults in the developed world. The 
2000s saw advances in ways to create cell cultures with RPE dissected 
from the eyes of fetuses, allowing scientists to study the function of 
these cells in a dish. And although some scientists have turned to stem 
cells to generate RPE, like Goldstein they continue to use fetal tissue as 
a benchmark of normal development and function.

Goldstein agreed to speak to Nature, he says, because “somebody has 
to speak up responsibly”. He stressed that he and his colleagues think 
hard about the ethics of their work. “We are not happy about how the 
material became available, but we would not be willing to see it wasted 
and just thrown away.”

Occasionally, fetal tissue is used for clinical work. Last year, a com-
pany called Neuralstem in Germantown, Maryland, in collaboration 
with scientists at the University of California, San Diego, launched 
a trial in which stem cells from fetal spinal cord were implanted to 
treat spinal-cord injuries. In May, researchers in the United King-
dom and Sweden launched a study in which dopaminergic neurons 
from aborted fetuses are transplanted into the brains of patients with 
Parkinson’s disease (see Nature 510, 195–196; 2014). Research with 
fetal tissue is less controversial in countries where abortion is more 
widely accepted.

UNCOMFORTABLE VIEWING
The Planned Parenthood videos caused even some supporters of fetal 
tissue research to feel uncomfortable. In one video, physician Deborah 
Nucatola, the group’s senior director of medical services, describes how 
she crushes fetuses above and below key organs to preserve them intact 
for research. She also described turning a fetus into a breech presen-
tation to deliver the head last, when the cervix is more dilated, thus 
preserving the brain. 

This raised the question of whether physicians are altering abortion 
techniques to accommodate research requests, violating a widely held 
precept of research ethics. Arthur Caplan, a bioethicist at the New York 
University School of Medicine, dismisses the videos as “pure politics”, 
but some of the footage “did get my eyebrow to arch”, he says. “You can’t 
use a different approach to the abortion to try to preserve something. 
Those are just no-no’s.” 

Planned Parenthood spokeswoman Amanda Harrington says that the 
organization is not aware of any instances in which the method of an 
abortion has been changed to preserve organs. But, she adds, “if minor 

adjustments that have no bearing on the woman’s health and safety are 
done when the woman has expressed a desire to donate tissue, that is 
entirely appropriate and ethical and legal”. Women’s health and safety, 
she says, “is always the number one priority”. 

The question for many scientists is what the fallout of the controversy 
will be. On the heels of the Colorado shootings, some Republicans in 
Congress backed off earlier attempts to defund Planned Parenthood, 
and President Obama is expected to veto any bill that does so. This 
means that the lasting damage of the videos may end up being inflicted 
not on Planned Parenthood’s budget, but on science. Since July, four 
bills that would criminalize or otherwise restrict the research have been 
introduced in the US Congress, and lawmakers have launched simi-
lar efforts in a dozen state legislatures. (Missouri, Arizona and North 
Dakota already ban the research.) 

Su felt the climate for his research grow colder when, on 1 October, 
a new North Carolina law was signed that makes it a felony to sell fetal 
tissue for any amount within the state. Su receives the tissue he uses 
from outside the state, but the message behind the new law concerns 
him. “I hope this current controversy, or possible congressional inter-
ventions, won’t slow down biomedical research,” he says. “The benefit 
is bigger than the drawback on this.” 

The controversy “absolutely puts fetal tissue research at risk”, says 
Caplan. “Young scientists are unlikely to enter a field riven with con-
troversy, where funding is uncertain and physical threats are a real 
possibility.”

Caplan says that parallels could emerge with events in the early 
2000s, when the use of human ES cells in US research became politi-
cally fraught. Then, tight federal regulations governing NIH funding 
of the research were adopted, but some states, including California 
and Massachusetts, responded by pouring money into the science all 
the same. 

“To move ahead, the reality is that fetal tissue research need not be 
funded or permitted everywhere,” Caplan says. “It needs to be allowed 
somewhere.” ■

Meredith Wadman is a freelance writer based in Virginia and an 
editorial fellow at New America, a think tank in Washington DC. 
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The collection of aborted fetal tissue for use in research has prompted demonstrations for and against US health provider Planned Parenthood.
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CORRECTION
The News Feature ‘The truth about fetal 
tissue research’ (Nature 528, 178–181; 
2015) incorrectly stated that around 
5.8 billion people have received vaccines 
made with the WI-38 and MRC-5 cell lines. 
In fact, companies have shipped some 
5.8 billion vaccines made with these two 
cell lines.
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Abstract

The ontogeny of the human immune system was studied by analyzing fetal and adult tissues for the presence of various

lymphocyte populations and activation/maturation markers. CD95 (fas) was expressed in hematopoietic tissues during the final

stages of development of monocytes, granulocytes, NK cells and T cells, but to a much lesser extent on B cells. In the periphery,

CD95 expression declined on granulocytes and NK cells. CD95 was expressed at a higher level on CD45RAþ peripheral T-cells

in the fetus than in the adult. Contrary to the belief that most fetal T-cells are naı̈ve or resting, a notable number of CD45ROþ T-

cells were observed as well as an unique CD952CD45ROþ population. Activation markers CD25, CD122, CD69 and CD80

were also present on fetal T-cells. These findings indicate that in the initial weeks following thymic maturation, a high

frequency of T-cells is activated in the periphery of the fetus.

q 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The human fetus is protected from most

pathogens within the sterile environment of the

uterus. Nonetheless, the cellular immune system

begins its development early in gestation around

the end of the first trimester. Reports suggest that T

cells can be found in liver and peripheral blood as

early as 7 and 9 weeks’ gestation, respectively,

although their overall numbers are very low [1,2].

Intrathymic CD3þ T-cells can be readily identified

at the 8th week of gestation [3,4] although the fetal
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thymus is not anatomically completely mature

until the 15th week of gestation [5]. Around this

time, single positive (SP) CD4þCD82CD3þ and

CD42CD8þCD3þ T cells begin to accumulate

more rapidly in the periphery [4]. The purpose

for the early development of lymphocytes is not

known but may simply reflect the necessity for T-

lymphopoiesis to keep pace with overall fetal

development to assure the generation and proper

selection of sufficient numbers of lymphocytes

before birth. Moreover, the early development of

T cells may also serve to protect the fetus from in

utero infections or engraftment by maternal lym-

phocytes. Determining the functional capacity of

fetal lymphocytes is key to defining a role for these

cells in fetal immunity.

A limited number of studies have addressed the

functional development of T cells from pre-term

fetuses. Proliferation in response to allostimulation

has been observed from fetal liver T-cells as young as

9 weeks’ gestation [1,6–8]. However, cultured fetal

T-cells showed some defects in cytotoxic responses

which could be reversed by prestimulation with

cytokine [7,9]. More on the functional capacity of

fetal T-cells has been learned from analyses of T cells

obtained from umbilical cord blood (UCB) at the

time of birth. The T-cell repertoire appears fully

formed at birth yet the repertoire appears to be

composed of primarily naı̈ve T-cells [10]. Whereas

CD45ROþCD45RA2 memory T-cells are common

in adult blood, UCB is primarily composed of

CD45RO2CD45RAþ naive T-cells [11–15]. Other

cell-surface markers important in the functioning of T

cells, such as CD3 and CD28, are expressed at similar

levels to adult cells, but signaling through these

proteins is attenuated in UCB T-cells. Neonatal T-

cells failed to increase CD25, CD154 and CD178 (Fas

ligand) expression when stimulated through CD3 and

CD28 [16]. Reduced proliferative responses of

allostimulated UCB T-cells have also been noted

[11,17–19]. Cord blood T-cells also have greatly

reduced perforin expression [20]. Together with the

observations of reduced CD178 expression, these

findings suggest a reduced cytolytic capacity of

neonatal T-cells similar to the findings on midgesta-

tion T-cells. Thus, despite T-lymphopoiesis beginning

early in fetal life, some attenuation of T-cell function

appears to occur in addition to the naı̈veté of the fetal

immune system.

CD95 (fas) is an important regulator of homeosta-

sis of the immune system. CD95 is expressed on some

T cells and to varying degrees on all other leukocyte

lineages. Its expression is increased with T-cell

activation and CD95 expression is highest on

CD45ROþ T-cells [21]. Triggering of programmed

cell death by CD95 activation, through interaction

with CD178, leads to clearance of activated T-cells

and thereby limits immune responses [22,23]. Neo-

natal T-cells express less CD95 than their adult

counterparts [21,24]. Expression of CD95 is also low

to negative on SP thymic cells from midgestation

thymic tissues, although CD95 is expressed on

immature T-cell progenitors [25]. Moreover, the

expression of CD95 on T cells has been shown to

increase with age up to 75 years, after which

expression decreases somewhat [26]. These data

suggest that CD95 expression increases with the

maturation of the immune system. In this regard it is

worth noting that CD95 expression can increase more

rapidly in children infected by the human immuno-

deficiency virus [24].

In this study, it was our aim to gain a better

understanding of the functional maturity of the fetal

immune system by analyzing the expression of

various cell surface markers on fetal T-cells as well

as on other leukocyte populations. Expression of

CD95 was analyzed on leukocytes harvested from

peripheral blood, spleen, liver and bone marrow of

midgestation fetuses and compared to CD95

expression on cells harvested from neonatal and

adult tissues. Furthermore, various cell-surface mar-

kers, associated with activation, were analyzed on

fetal, neonatal and adult T-cells. Our results suggest a

higher level of T-cell activation in utero than would be

predicted from previous studies of UCB T-cells.

2. Materials and methods

2.1. Isolation of human leukocytes from adult,

neonatal and fetal tissues

Human tissues were obtained and studied under the

approval of the Committee on Human Research at our

institute. Male and female adult peripheral blood was
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obtained from healthy volunteers ranging in age from

24 to 61 years. Neonatal UCB and fetal hematopoietic

tissues were obtained with consent of the women prior

to delivery or elective abortion. Neonatal blood (birth

at 33 weeks’ gestation to term) and some fetal tissues

were obtained at our institute. Additional fetal tissues

were obtained from Advanced Bioscience Resources

Inc. (Alameda, CA). Fetal tissues were harvested

shortly following the abortion and were transported to

the laboratory in sterile containers held on ice.

Experiments on adult bone marrow were performed

at Ingenex, Inc. (Menlo Park, CA) in compliance with

regulations issued by the state and federal govern-

ments. Fetal tissues ranged in gestational age from 15

to 24 weeks, as determined by the foot length of the

fetus. Each experiment was performed on cells

obtained from an individual specimen; tissues from

different specimens were not pooled for analyses.

Adult peripheral blood was obtained by venipunc-

ture. Approximately 7 ml of blood was drawn into a

vacutainer tube containing ethylene diamine tetra-

acetic acid (EDTA). The blood was diluted to a total

volume of 50 ml in PBS/BSA washing buffer

consisting of phosphate buffered saline (PBS) con-

taining 0.3% fraction-V ethanol-extracted bovine

serum albumin (BSA) (Roche Applied Science,

Indianapolis, IN) and 50 mg/ml gentamicin sulfate

(Life Technologies, Grand Island, NY). The cells

were pelleted by centrifugation and erythrocytes were

depleted by chemical lyses using ACK lyses buffer,

pH 7.2–7.4, consisting of 0.15 M NH4Cl, 1.0 mM

KHCO3 and 0.1 mM Na2 EDTA (Sigma Chemical

Company, St Louis, MO). The cells were pelleted by a

7-min centrifugation approximately 1 min after the

addition of the ACK lyses buffer. If lysis of the

erythrocytes was incomplete, the procedure was

repeated. Otherwise the cells were washed once in

PBS/BSA and suspended in blocking buffer consisting

of PBS with 5% normal mouse serum (Gemini Bio-

Products, Inc., Woodland, CA) and 0.01% NaN3.

Alternatively, peripheral blood mononuclear cells

(PBMC) were prepared by centrifugation of the

blood at 600 £ g for 25 min on a layer of 1.077 g/ml

LymphoPrep (Life Technologies). The light-density

cells were harvested and washed twice before being

suspended in blocking buffer for staining.

PBMC were isolated from neonatal UCB

by immunomagnetic bead depletion of CD235aþ

erythrocytes, performed as previously described for

fetal liver cells [27], and density separation using

1.077 g/ml Nycoprep (Life Technologies). The iso-

lation of light-density neonatal blood cells was

performed in an analogous fashion to the procedure

described for the adult PBMC. In some cases, freshly

prepared PBMC from UCB were frozen in autologous

plasma with 10% dimethyl sulfoxide (Sigma Chemi-

cal Co.) and were thawed shortly before phenotypic

analysis.

Fetal blood leukocytes were harvested from

umbilical cords, placental vessels and/or hearts

obtained from elective abortions. Blood was har-

vested from the cords after first washing the cords

with PBS/BSA and then resecting (0.5 cm) the ends

with scissors. The washed cords were placed in on a

clean culture dish and were cut in 2 cm pieces. Fifteen

to forty millilitres of PBS/BSA were injected with a

28-gage insulin syringe (Becton Dickinson & Co.,

Franklin Lakes, NJ) into the three cord vessels to rinse

the blood out of the vessels through the fresh cut

surface. In some initial experiments, fetal UCB was

squeezed out through the fresh cut end using forceps.

Blood samples were filtered using 70 m nylon-mesh

cell strainers (BD Biosciences, San Jose, CA) as

needed to remove clots or large cellular debris. For

some fetal specimens fetal blood was obtained from

the placenta by direct venopuncture of surface vessels

near the placenta–umbilical cord junction. Placental

blood was drawn into a syringe containing heparin.

Fetal hearts were collected with the pericardial sack.

The surface was cleaned with PBS/BSA to remove

any contaminating maternal cells. The pericardial

sack was then removed and the ends of the great

vessels resected. In a clean dish, the heart was cut

open from the great vessels down to the apex and the

blood was rinsed out of the great vessels and chambers

with PBS/BSA. Erythrocytes were depleted by

chemical lysis using ACK lysis buffer or immuno-

magnetic bead depletion of CD235aþ cells [27,28].

For some analyses of lymphocytes only, fetal PBMC

were prepared using LymphoPrep as described above.

Blood cells were washed and suspended in blocking

buffer for staining.

Splenocytes were isolated by crushing the spleen

with a glass pestle through a wire mesh cell strainer

(Sigma Chemical Company) and rinsed with washing

buffer. The cell suspension was passed through a 70 m
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nylon-mesh cell strainer and pelleted by centrifu-

gation. Erythrocytes were depleted by chemical lysis

using ACK lysis buffer or immunomagnetic bead

depletion of CD235aþ cells [27]. Alternatively, light-

density splenocytes, depleted of erythrocytes and

granulocytes, were isolated by centrifugation using

LymphoPrep as described above. After either method,

splenocytes were washed and suspended in blocking

buffer for staining.

Fetal thymocytes were prepared for analysis by

passage of the thymus through a cell strainer as

described for the spleen samples. In order to remove

erythrocytes and cellular debris, light-density thymo-

cytes were harvested after centrifugation over a layer

of 1.077 g/ml Nycoprep, as described above for the

adult blood samples.

Light-density CD235a2 fetal liver cells and fetal

bone marrow cells were prepared by immunomag-

netic-bead depletion and centrifugation over a layer of

1.077 g/ml Nycoprep as previously described [27].

2.2. Monoclonal antibodies

Fluorescein isothiocyanate (FITC), phycoerythrin

(PE), allophycocyanin (APC) and peridinin chloro-

phyll (PerCP) labeled mAbs were purchased from BD

Biosciences/BD PharMingen (www.bdbiosciences.

com) recognizing the following antigens: CD3-FITC

(SK7), CD8-FITC (SK1), CD10-FITC (W8E7),

CD14-FITC (MFP9), CD15-FITC (MMA), CD19-

FITC (4G7 or SJ25C1), CD-19-PerCP (SJ25C1),

CD45RA-APC (HI100), CD45RO-APC (UCHL1),

CD45RO-PE (UCHL1), CD95-PE (DX2), CD122-PE

(TU27), mouse IgG1-FITC, mouse IgG2a-FITC and

mouse IgM-FITC. Anti-CD56-FITC and anti-CD56-

PE (C5.9) were purchased from Exalpha Corporation

(Boston, MA). Labeled antibodies recognizing CD4-

tricolor (TC) (S3.5), CD14-FITC (TÜK4), CD15-

FITC (V1MC6), CD25-PE (CD25-3G10), CD45-PE

(HI30), mouse IgG1-FITC, mouse IgG1-PE, mouse

IgG2a-PE, mouse IgG2b-FITC and mouse IgM-FITC

were purchased from Caltag (Burlingame, CA).

Conjugated mAb were also purchased from Beck-

man-Coulter (Miami, FL) recognizing the following

antigens: CD3-phycoerythrin-cyanine 5 (PC5)

(UCHT-1), CD14-PC5 (RM052), CD16-PC5 (3G8),

CD45-PC5 (J33), CD45RA-FITC (ALB11),

CD45RO-FITC (UCHL1), CD56-PC5 (N901),

CD69-PC5 (TP1.55.3), CD80-PE (MAB104),

CD127-PE (R34.34) and mouse IgG1-PC5. Mono-

clonal antibodies labeled with PE recognizing T-cell

receptor (TCR) a/b (BMA031) and TCR g/d

(5A6.E9) were obtained from Endogen (Woburn,

MA). A FITC-conjugated mAb against TCR a/b was

obtained from T Cell Diagnostics, Inc. (Cambridge,

MA). A kit containing a panel of FITC-, PE- and a

mixture of FITC- and PE-conjugated mAb recogniz-

ing different TCR Vb chains was purchased from

Beckman-Coulter and was used according to the

manufacturers recommendations.

2.3. Flow cytometric analysis of cell surface markers

Approximately 2 £ 105 cells suspended in up to

200 ml blocking buffer were incubated in 96-well

Costar V-bottom Plate (Corning Inc., Corning, NY)

with saturating amounts of mAbs on ice for at least

30 min. Cells were washed twice with 250 ml

PBS/BSA containing 0.01% NaN3 (Sigma Chemical

Co.). The washed cells were suspended in PBS/BSA

containing 0.01% NaN3 and 2 mg/ml propidium

iodide (PI), purchased from Sigma Chemical Co. PI

was used to mark dead cells, so that they could be

excluded from the analysis. PI was omitted in 3-color

analyses using PC5 or PerCP labeled mAbs. Flow

cytometric analysis was performed using either a

FACScan or a FACSCalibur flow cytometer (BD

Biosciences). Analyses of results were performed

using CellQuest software (BD Biosciences).

2.4. Data presentation and statistical analysis

The median results of multiple measurements done

on individual tissue samples are reported to reduce the

effects of outliers. Box plots are used to present the

data, which show the 10th (lower bar), 25th (box

bottom), 50th (median-bar in box), 75th (box top) and

90th (upper bar) percentiles. Circles in the box plots

indicate outlying data points below the 10th and above

the 90th percentiles. The significance of differences

observed between fetal and adult cells was determined

using an unpaired Student’s t-test. Results were

considered significant when P # 0:05:
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B-299

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 340 of 461
(385 of 506)



3. Results

3.1. Analysis of CD95 expression on fetal

and adult leukocytes

Expression of CD95 was analyzed by flow

cytometry on leukocyte populations found in fetal

(blood, spleen, liver and bone marrow) and adult

(blood and bone marrow) tissues. The gestational ages

of the fetal samples ranged from 15 to 24 weeks.

CD95 was expressed on at least some cells of each of

the lineages analyzed in both fetal and adult tissues.

Most circulating CD14þ monocytes expressed CD95

at high levels (Fig. 1). In adult blood, a median 97.1%

of monocytes expressed CD95. Likewise, a median

93.7% of fetal blood and 83.2% of fetal splenic

monocytes showed CD95 expression (Fig. 2A). The

levels of CD95 expressed on fetal and adult

peripheral-blood monocytes also did not differ (Fig.

2B), although the fetal splenic monocytes had reduced

levels of CD95 ðP ¼ 0:053Þ: However, the reduced

levels of CD95 in the spleen appeared to be the result

of increased background staining, with non-specific

isotype-matched control antibody, rather than reduced

CD95 expression (data not shown). The expression of

CD95 on the immature CD14þ monocytes developing

in hematopoietic tissues was also analyzed. Both in

the fetal and adult bone-marrows, CD95 expression

was apparent on cells expressing low and high levels

of CD14 indicating that CD95 is already expressed at

the time of CD14 acquisition (Fig. 3).

Few fetal CD15þ granulocytes expressed CD95

(Fig. 1). In adult blood, a median 86.0% of

granulocytes expressed CD95, but only 22.0% of

fetal blood and 21.1% of fetal splenic granulocytes

expressed CD95 (Fig. 2A). The decreased expression

of CD95 in fetal tissues was significant compared to

Fig. 1. Expression of CD95 by fetal and adult leukocytes.

Representative data from analyses of fetal and adult peripheral-

blood leukocytes are shown. The fetal leukocytes had a gestation

age of 19 weeks. Adult peripheral blood was obtained from a 36

year old male. The five subsets of leukocytes were defined by the

expression of their specific cell-surface antigen, as shown, as well as

by their characteristic light-scatter profiles (not shown). CD14þ

monocytes as well as the 3 lymphocyte populations were defined as

cells with a low to moderate forward-light scatter and a low side-

light scatter. CD15þ granulocytes were defined as cells with a high

side-light scatter. Additionally, 3-color analyses further enabled the

CD19þ B cell population to be defined by their lack of CD14

expression (not shown), which helped to reduce non-specific

background staining. CD56þ NK cells were also defined by their

lack of CD3 expression (not shown). Quadrants were drawn based

on controls stained with mouse IgG1-PE, instead of CD95-PE, such

that background staining was#2.2% for the 2 myeloid populations

and #0.9% for the 3 lymphoid populations.
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adult granulocytes ðP # 0:025Þ: The levels of CD95

expression on CD15þ granulocytes was also signifi-

cantly lower in the fetal spleen ðP ¼ 0:006Þ; but did

not differ between fetal and adult blood (Fig. 2B).

CD95 expression appeared on those granulocytes with

lower levels of CD15 expression as exemplified in

Fig. 1. Furthermore, immature granulocytes in the

fetal and adult bone-marrows uniformly expressed

CD95 (Fig. 3). The immature CD95þCD15low

granulocytes were also enriched in the light-density

fractions of fetal liver and neonatal UCB (data not

shown), indicating that CD95 expression is a feature

of young granulocytes that is decreased with matu-

ration and increased CD15 expression.

The frequency of CD95 expression was decreased

on CD19þ B cells from fetal blood compared to adult

blood ðP ¼ 0:005Þ (Fig. 2A). Although the level of

CD95 expression was also decreased on fetal blood B-

cells this difference was not significant (Fig. 2B).

CD95 expression on fetal splenic B-cells did not differ

significantly from adult B-cells. The overall modest

levels of CD95 expressed on peripheral B-cells were

also observed on B cells in the fetal and adult bone-

marrows (Fig. 3). These results indicate a lack of

CD95 expression on most immature B-cells and their

immediate progenitors.

Both the frequency and levels of CD95 expression

on CD56þCD32 NK-cells was comparable between

fetal and adult cells (Fig. 1). CD95 was expressed on a

median 56.9–79.8% of fetal and adult NK cells

(Fig. 2A). Immature NK cells, expressing low levels of

CD56, found in the fetal liver and adult bone marrow

expressed CD95 (Fig. 3). Thus, unlike the B cells,

CD95 expression is a feature of maturing NK cells.

3.2. Expression of CD95 on fetal and adult T cells

A similar frequency of fetal and adult CD3þ T-

cells expressed CD95 (Figs. 1 and 2). However, the

levels of CD95 expression on fetal blood and splenic

T-cells were less than half those on adult T-cells ðP #

0:003Þ (Fig. 2B). In general, fetal T-cells consisted of

a predominant population of cells that expressed low

levels of CD95 and a small subpopulation of T cells

that expressed higher levels of CD95 (Fig. 1). Adult

T-cells, in contrast, tended to be polarized into two

subsets consisting of either CD95þ or CD952 cells.

The frequency and intensity of CD95 expressed by

adult CD4þ T cells were previously shown by

Miyawaki et al. to be higher than for CD8þ T cells

[21]. Our analysis of adult T-cells confirmed these

findings. On the contrary, analyses of fetal blood and

splenic T-cells did not indicate any significant

difference in the frequency of CD95 expression by

CD4þ and CD8þ T-cells (data not shown). However,

the intensity of CD95 expressed by fetal CD4þ T-cells

was modestly higher than by fetal CD8þ T-cells. The

signal to noise (S/N) ratio for CD95 expression was

28% and 68% higher for CD4þ T-cells than for CD8þ

T-cells from blood and spleen, respectively (data not

shown). These differences did not reach significance

by paired analysis (P ¼ 0:071 for blood and 0.137 for

Fig. 2. Box plots of the frequency and intensity of CD95 expression

on fetal and adult leukocytes. Leukocyte populations were defined

by their phenotypic properties as described in Fig. 1. Box plots are

shown of the percent of cells expressing CD95 (A) and the signal to

noise (S/N) ratio for CD95 expression (B). The numbers ðnÞ of

tissue samples analyzed are indicated at the bottom of the box plots.
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spleen). For comparison, the S/N ratio for CD95

expression on adult CD4þ T-cells was 125% higher

than on CD8þ T-cells.

Three-color analyses of CD3, CD4 and CD8

expression were performed on fetal blood and spleen

samples ranging in age from 16 to 24 weeks’

gestation. Although there were no significant differ-

ences in the ratio of CD4 to CD8 SP T-cells between

fetal and adult samples, the younger fetal specimens

had a lower ratio than older fetal specimens (data not

shown). In three fetal samples younger than 19 weeks’

gestation the CD4/CD8 ratio ranged from 0.46 to 1.8.

In samples between 19 and 24 weeks had ratios that

ranged from 2.0 to 2.7, comparable to ratios observed

from adult blood.

The tendency towards higher CD95 expression on

CD4þ T-cells was also observed on SP T-cells in the

fetal thymus (Fig. 4A). Fetal thymi of 15, 19 and 22

weeks’ gestation were analyzed and CD95 was found

to be on 1.9-fold more CD4 SP thymocytes than on

CD8 SP thymocytes (P ¼ 0:057; paired comparison).

Low expression of CD95 was also observed on DP

thymocytes. Double negative (DN) thymocytes were

up to 83.5% CD95þ ðn ¼ 3Þ: DN thymocytes include

CD32 T-cell progenitors, CD3þ immature T-cells and

cells of various other lineages. Nonetheless, the

majority of CD95 expression in the fetal thymus

was on cells expressing high levels of CD3 as seen in

Fig. 4B. To determine whether CD95 is expressed by

T cells shortly before emigration from the thymus we

analyzed CD3þCD45RAþ and CD3þCD45RO2 thy-

mocytes [29–31]. There was CD95 expression on

both of these overlapping subpopulations of thymo-

cytes, indicating that CD95 is expressed at low levels

on T cells that emerge from the thymus.

3.3. Expression of CD45 isoforms by fetal

and adult T cells

The high frequency of CD95 expression on fetal T

cells was unexpected considering published findings

indicating low expression of this protein on neonatal T

Fig. 3. Expression of CD95 on immature monocytes, granulocytes,

B cells and NK cells. Fetal bone marrow, or fetal liver (left column)

and adult bone marrow (right column) were analyzed for the

expression of CD95 and the indicated leukocyte markers. All tissues

were enriched for immature leukocytes by isolation of light-density

CD235a2 cells. Additionally, the leukocyte populations of interests

were enriched for display by gating on their respective characteristic

light-scatter profiles as described in Fig. 1. Quadrants were drawn

based on controls, such that background staining in the upper right

quadrant was#2.4% for the 2 myeloid populations and#1.1% for

the 3 lymphoid populations.
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cells. Since CD95 expression on adult T cells is

predominantly on CD45ROþ T cells [21], we

examined the expression of CD45RA and CD45RO

on fetal, neonatal and adult T cells (Figs. 5 and 6A).

Previous findings have indicated a higher frequency of

CD45ROþCD45RA2 T-cells in the fetus than the in

the neonate [32], thus possibly accounting for the

higher rate of CD95 expression in the fetus.

The CD45ROþCD45RA2 subset represented a

median of 11.3% and 15.5% of T cells in the

fetal blood and spleen, respectively, which was

significantly higher than the median 1.5% in UCB

obtained from full term newborns (P ¼ 0:031 for

blood and,0.001 for spleen) (Fig. 6A). Although, the

frequency of fetal CD45ROþCD45RA2 T-cells was

reduced compared to the adult (P ¼ 0:046 for blood

and 0.072 for spleen) (Fig. 6A). Both fetal blood and

spleen also had significantly reduced numbers of

CD45ROþCD45RAþ T-cells compared to adults,

whereas CD45RO2CD45RAþ T-cells were more

prevalent in the fetus than in the adult ðP # 0:028Þ

(Fig. 6A). The majority of T cells in UCB were

Fig. 4. Expression of CD95 during T-cell development in the fetal thymus. Expression of CD95 on DN, DP and SP thymocytes is shown in (A).

Co-expression of CD3 and CD95 as well as the level of CD95 expression on CD3þCD45RAþ and CD3þCD45RO2 thymocytes is shown in (B).

Representative results are shown from a 15 weeks’ gestation thymus.
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CD45ROþCD45RAþ (P ¼ 0:033 versus adult blood),

whereas the CD45RO2CD45RAþ subpopulation was

similarly represented in UCB compared to adult

blood. Thus, the naive CD45RO2CD45RAþ T-cell

subset is enriched in the fetus, but a notable number of

CD45ROþCD45RA2 T-cells are present in the fetal

circulation, more so than at the time of birth.

CD95 expression was detected on both CD45RAþ

and CD45ROþ fetal T-cells, but differences between

fetal and adult T cells were apparent (Figs. 5 and 6B).

The median frequency of fetal CD45RAþ T-cells

that expressed CD95 was 62.0% in the blood

and 85.4% in the spleen (Fig. 6B). The median

frequencies of CD95 expression on adult and neonatal

CD45RAþ T-cells were significantly lower at 45.1%

and 37.1%, respectively (P ¼ 0:012 for both com-

parisons). Most adult CD45ROþ T-cells expressed

CD95 (median 89.1%), as previously described [21].

However, CD95 expression was reduced on

CD45ROþ T-cells from fetal blood (median 59.7%),

fetal spleen (median 72.8%) and UCB (median

54.9%). These differences in CD95 expression

compared to adult CD45ROþ T-cells were significant

ðP # 0:009Þ: Moreover, examination of the pattern of

CD95 expression on fetal T-cells revealed a subpopu-

lation of CD45ROþCD45RA2 T-cells that was

Fig. 5. Expression of CD45RA, CD45RO and CD95 by fetal, neonatal and adult T-cells. 3-color analyses were performed by staining blood cells

with CD3-PC5 and the indicated mAbs. Events shown are gated on CD3þ cells with low forward- and side-light scatters. The gestational ages of

the fetal blood samples where 20 weeks for the top dot plot and 16 weeks for the lower two dot plots. The single UCB sample was obtained from

a full-term delivery (approximately 40 weeks’ gestation). Adult blood was obtained from a 29 year individual (top dot plot) and 37 year

individual (middle and bottom dot plots). Numbers represent the percentage of events in the corresponding quadrants. The fetal

CD952CD45ROþ/CD952CD45RA2 T-cell population is highlighted by rectangular regions.
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CD952 (Fig. 5, boxed regions). These cells were

best defined by their lack of CD45RA staining rather

than their expression of CD45RO. This is because

many CD45ROþ cells can also express CD45RA,

whereas all CD45RA2 cells are CD45ROþ. The

CD952CD45ROþCD45RA2 T-cell population was

not present to any appreciable degree in either term

UCB or adult peripheral blood.

3.4. Cytokine receptors and activation markers

expression by fetal and adult T-cells

The expression of CD95 and CD45RO by fetal T-

cells suggests the possibility that a sizable proportion

of fetal T-cells have undergone activation. To support

this hypothesis, we analyzed the expression of various

cytokine receptors and other cell-surface markers

associated with T-cell growth and activation (Table 1).

Components of the IL-2 receptor complex were

analyzed, which indicated that CD25 was expressed

on a similar portion of fetal T-cells as on adult T-cells.

In contrast, CD25 was significantly reduced on

neonatal T-cells, particularly on the CD45ROþ

subset. CD122 was expressed on a significantly

higher number of fetal T-cells than on either neonatal

or adult T-cells. The a-chain subunit of the IL-7

receptor, CD127, was widely expressed on T-cells

from all sources, but was significantly reduced on the

CD45ROþ subset of fetal T-cells. T cells in UCB

expressed higher levels of CD127 compared to fetal or

adult T-cells. CD132, the common g-chain subunit of

the IL-2, IL-4, IL-7, IL-9 and IL-15 receptors, was

Fig. 6. Expression of CD45 subtypes and CD95 by fetal, neonatal

and adult T cells. The percentages of CD45ROþCD45RA2,

CD45ROþCD45RAþ and CD45RO2CD45RAþ T-cells in fetal

tissues, UCB and adult blood are shown in (A). The percentages of

CD45RAþCD3þ and CD45ROþCD3þ T cells that expressed CD95

are shown in (B). The numbers ðnÞ of tissue samples analyzed are

indicated at the bottom of the box plots.

Table 1

Expression of cytokine receptors and various activation markers on fetal, neonatal and adult CD3þ T-cells

Marker Total CD3þ T-cells CD45ROþCD3þ T-cells CD45RO2CD3þ T-cells

Fetal Neonatal Adult Fetal Neonatal Adult Fetal Neonatal Adult

CD25 11.0a 3.4b 14.8 17.7 5.4b 22.2 3.8 2.6 3.4

CD122 14.3a,b 0.4 1.9 16.2a,b 0.7 2.2 11.5a,b 0.3b 2.0

CD127 77.8a 97.5b 84.3 67.5a,b 82.4 84.8 84.3a 100b 80.6

CD132 99.6 95.3b 100 92.5 96.3 98.4 100a 96.5 100

CD56 9.9 4.3 9.7 8.2 5.7 11.5 9.6 3.7 6.2

CD69 21.0b 12.5 10.7 ND ND ND ND ND ND

CD80 3.7 0 0.3 5.2 0 0.6 0.6 0 0

TCR a/b 80.2a 97.6b 82.6 ND ND ND ND ND ND

TCR g/d 17.3a,b 2.9b 8.2 ND ND ND ND ND ND

Light-density cells isolated from fetal spleens and PBMC isolated from UCB and adult blood were analyzed for the expression of CD3,

CD45RO and the indicated marker. T cells were defined by their expression of CD3 and by a low forward- and side-light scatter profile. Values

represent the median level of expression observed on five fetal, four neonatal and six adult samples. ND ¼ Not determined.
a
P # 0:05 versus neonatal T-cells.

b P # 0:05 versus adult T-cells.
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expressed on nearly all T-cells at any stage of

ontogeny. The markers CD69 and CD80 are

expressed on T cells that have become activated

[33–35]. The frequency of fetal T-cells expressing

these markers was higher than in the adult or neonate.

CD56, which is expressed by a subpopulation of

cytotoxic T-cells [36], was expressed at similar levels

in the fetus and adult, but was approximately half as

abundant in the neonate. A significantly greater

frequency of fetal T-cells were found to express g/d

chains of the T-cell receptor.

3.5. Repertoire of TCR Vb chain expression by fetal

T-cells and thymocytes

The TCR Vb chain repertoire expressed by fetal T-

cells was studied to determine the diversity of TCR

expression in the emerging immune system. Vb chain

expression was analyzed on splenic CD3þ cells

ranging in age from 16 to 24 weeks’ gestation

(Fig. 7A). A diverse repertoire was observed with

the mean percent expression of each Vb chain falling

within the range of expression observed on adult

specimens, as reported by the manufacturer of the test

reagents. Moreover, two subsets of fetal splenic T-

cells, CD45RA2 (CD45ROþ) and CD45RAþ, were

examined and both displayed diversity in Vb chain

expression similar to as described above, except for

the following differences: The CD45RA2 subset had

a higher representation of Vb11 (P , 0:05; n ¼ 3)

and Vb5.1 ðP ¼ 0:075Þ and lower representation of

Vb14, Vb16 and Vb21.3 (P , 0:05; n ¼ 3). The

possibility that the CD45RA2 T-cells in the spleen are

thymocytes that have not gained CD45RA expression

before exiting the thymus was examined by compar-

ing the expression of Vb chains on splenic and thymic

Fig. 7. Expression of TCR Vb chains by fetal splenic T-cells and thymocytes. TCR Vb chain expression was analyzed by 4-color flow

cytometry. T cells were identified by their expression of high levels of CD3 and by their low light scatter profile. Vb chain expression was

analyzed from a cohort of 6 spleens ranging in gestation age from 16 to 24 weeks (A). Two of these spleens, of 19 and 22 weeks’ gestation, were

analyzed for Vb chain expression on T-cells subdivided based on the expression of CD45RA (B). Thymocytes from these same fetal specimens

were also analyzed and were gated using the same region as used to define the corresponding splenic CD3þCD45RA2 population. Results are

presented as the mean ^ SE.
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CD45RA2CD3þ cells (Fig. 7B). Besides wide-

ranging similarity and some non-significant dissim-

ilarities, there were notable significant differences

between the thymic and splenic T-cells. Mainly, a

lower representation of Vb 1, Vb 3, Vb 5.2 and Vb

13.6 (P # 0:05; n ¼ 2) was observed on the splenic T-

cells. These differences indicate that the splenic

CD45RA2 T-cells are not an exact match to the

corresponding thymic population.

4. Discussion

The maturity of the human fetal immune system

was analyzed from the perspective of CD95

expression as well as a number of additional cell-

surface markers associated with T-cell activation and

growth (Fig. 8). Most knowledge regarding fetal T-

cells has come from the analyses of neonatal T-cells

obtained from UCB. Studies have shown neonatal T-

cells to be comprised of primarily CD45RAþ naive/

resting T-cells [11–15] that express low levels of the

activation marker CD95 [21,24]. In contrast, our

examination of midgestation fetal tissues indicates

that the frequency of T cells that express CD95 in

these tissues is comparable to that of adult T-cells.

However, the levels of CD95 expression are

reduced on fetal T-cells. Although fetal T-cells

were predominantly CD45RO2CD45RAþ T-cells,

CD45ROþCD45RA2 T-cells were present in the

blood of midgestation fetuses, more so than at full

term. Furthermore, a number of cell-surface markers

associated with T-cell activation, were also observed

on fetal T-cells at levels similar or higher than in the

adult. These data indicate a, heretofore, unappreciated

level of activation of peripheral T-cells circulating in

the immediate weeks following thymic development

in the human fetus.

Byrne et al. have reported a higher frequency

of CD45ROþCD45RA2 T-cells in the midgestation

fetus compared to full-termneonates [32]. Our findings

confirm this observation and extend them by

describing a subset of CD45ROþCD45RA2 T-cells

in the fetus that lacks CD95 expression (Fig. 8).

We are unaware of any previous description of a

CD952CD45ROþCD45RA2 subpopulation of T

cells, and we did not observe this population in post-

natal blood. Nearly all adult CD45ROþCD45RA2 T-

cells are known to express CD95 at high levels [21].

Indeed, the higher frequency of CD45ROþCD45RA2

T-cells in adults is a contributing factor to

the higher levels of CD95 expression

observed on adult versus fetal T-cells. The role of the

CD952CD45ROþCD45RA2 T-cell subset in

the developing immune system is presently unclear.

The expression of CD45ROby these cells suggests that

they may have been previously activated. Although

there are some reports that suggest exposure of the

fetus to external antigens can occur [37], the

prevalence of the CD45ROþ population of T cells

could mean that these cells are being exposed to and

subsequently responding to autologous antigens. We

speculate that a developmentally early wave of

activation of autoreactive T-cells may be an important

step in the establishment of suppressor T-cell

populations and peripheral tolerance. Indeed, the

decreased expression of CD95 on these cells would

be counter to the hypothetical removal of fetal

autoreactive T-cells by a CD95-mediated apoptotic

mechanism [32]. However, the loss of CD95

expression may still be associated with the removal

Fig. 8. Proposed expression of CD95 on human hematopoietic cells

throughout ontogeny. The expression of CD95 at various stages of

hematopoiesis (CD34þ cells, black triangle), maturation and

activation is indicated by shading. Black circles represent relatively

high levels of CD95 expression, gray circles represent intermediate

expression and open circles represent a lack of CD95 expression.

Filled circles indicate that most cells of the indicated population

express CD95, whereas semi-circles represent CD95 expression by

a subpopulation of cells. The schema was developed from the data

presented in this study as well as previously published reports [25,

27,50–53].
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of these cells since there is evidence that signaling

through CD95 may support T-cell growth rather than

apoptosis in some circumstances [38,39].

A broader analysis of T-cell markers further

supports our conclusion that the midgestation fetus

contains a notable number of activated T-cells.

Although a previous study failed to identify any

CD56þ natural cytotoxic T-cells in the fetus [40], we

observed a similar number of CD56þ T-cells in the

fetus as in the adult. About 17% of fetal T-cells

expressed the g/d TCR which was higher than in the

neonate and adult, consistent with previous findings

[41]. CD69, an activation antigen expressed early in

T-cell activation [33], was expressed at nearly twice

the frequency on fetal T-cells as on neonatal and adult

T-cells. CD80 is a stimulatory molecule for T cells

expressed by various leukocytes, which can be

expressed on some T cells during the later phase of

activation [34,35]. CD80 was expressed on fetal T-

cells, in particular CD45ROþ T cells, also at a higher

frequency than in the neonate and adult. T-cell

activation also results in upregulation of the a and b

subunits of the IL-2 receptor, CD25 and CD122,

respectively. Both components of the IL-2 receptor

were found on fetal T-cells, with a notably higher

number of CD122þ T-cells in the fetus compared to

the adult. Very little CD25 and CD122 expression was

observed on neonatal T-cells. The expression of CD25

and CD122 by fetal T-cells suggests these cells may

be activated, although it is possible that some of these

cells represent CD4þ suppressor/regulatory T-cells

[42]. This regulatory subset of T cells has been

described in UCB and is characterized in part by

CD25 and CD122 expression [43]. IL-7 plays a

critical role in the maintenance of the naı̈ve T-cell

pool through interaction with its receptor, CD127/

CD132 [44]. After T-cell activation, CD127

expression is lost and, as such, is another indication

that T cells have been stimulated [45]. We observed

CD1272 T-cells in both the fetus as well as in the

adult, although most T cells in both cases express

CD127. Indeed, there was a higher portion of

CD45ROþ T-cells that lacked CD127 expression in

the fetus than in the adult. Moreover, CD127 was

notably higher on neonatal T-cells compared to both

fetal and adult T-cells. In total, these findings are

consistent with a higher level of T-cell activation in

the midgestation fetus than at term.

The abundant expression of CD95 by peripheral T-

cells in the fetus prompted us to analyze the

expression of CD95 on developing T-cells in the

thymus (Fig. 8). CD95 expression in the fetal thymus

was predominantly found on T-cells that had already

begun to express high levels of CD3, although the

majority of DP and SP T-cells did not express CD95.

Most DN thymocytes expressed CD95. Our findings

are consistent with those of Jenkins et al. who

observed CD95 expression on T-cell progenitors,

but found very little expression on mature CD3þ SP

thymocytes. These investigators also demonstrated

that the thymic cells are resistant to CD95-mediated

apoptosis [25]. We wished to further elucidate the

degree of CD95 expression on mature thymic T-cells

set to enter the circulation. Most developing T-cells in

the thymus express CD45RO, which is expressed in

an inverse relationship to CD45RA. Before exiting the

thymus, T cells are known to down-regulate CD45RO

expression and become CD45RAþ [29–31]. Exam-

ination of CD95 expression on thymic CD45RO2 and

CD45RAþ T-cells indicated that most T cells entering

the periphery are CD95þ, consistent with the

expression of CD95 observed on peripheral

CD45RAþ T-cells. Since adult CD45RAþ T-cells,

which are less likely to be recent thymic emigrants,

expressed less CD95 it is likely that CD95 expression

is reduced on naı̈ve T-cells with time spent in the

circulation.

There at least two additional potential expla-

nations, besides (auto)antigen-specific activation, for

the presence of T-cells in the fetal circulation with an

activated phenotype. One possibility is that the

markers associated with activation are expressed

because of T-cell growth, associated with rapid

expansion of the peripheral pool of T cells, rather

than specific activation by antigen. Another possi-

bility is that the CD45ROþ T-cells in the fetal

circulation are recent thymic emigrants that emerged

from the thymus before changing to the CD45RAþ

phenotype. In attempt to distinguish these possibili-

ties, the Vb chain repertoire was analyzed on fetal T-

cells. A diverse repertoire, comparable to that of

adults, was observed as early a 16 weeks gestation. It

is worth mention that methods more sensitive to minor

sequence differences have shown reduced diversity

within the Vb chain families of late-gestation fetal

and some neonatal blood samples [46,47], which
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presumably is true for early mid-gestation T-cells as

well. Our results also demonstrated diversity within

the CD45RA2 (CD45ROþ) subset of fetal T-cells

indicating that this subset is not derived from the

activation and expansion of one or a few T-cell clones.

Differences in Vb chain expression between splenic

and thymic CD45RA2 T-cells suggest that the splenic

cells are not recent emigrants from the thymus,

although further experiments are required to bolster

this conclusion. There were also some differences in

Vb chain expression between splenic CD45RA2 and

CD45RAþ T-cells, which may indicate selective

expansion of T cell clones. However, further study

is required to distinguish the possible reasons for the

expression of activation markers on fetal T-cells.

We further examined if CD95 expression can be

viewed as a marker of activation or maturation for

leukocyte lineages other than T-cells (Fig. 8). CD95

was expressed on immature cells of all lineages and

was down-regulated with maturation, except in the

case of monocytes which expressed CD95 even in the

sterile fetal environment. In contrast, granulocytes

reduced their expression of CD95 after entering the

circulation. Likewise, CD95 expression was

decreased or lost on NK cells in the circulation,

possibly due to a lack of growth or activation

stimulus, although increased CD95 expression is

correlated with in vitro activation of NK cells [48,

49]. B cells expressed less CD95 than most other

lineages during their development in the fetal or adult

bone-marrow. Most CD19þ and CD10þ cells in

hematopoietic tissues did not express CD95 and

expression on circulating fetal B-cells was low and

decreased compared to the adult. Miyawaki et al. first

described similar results for UCB and adult peripheral

blood B-cells [21]. CD95 expression on B cells

correlates with increased functional differentiation

and is, thus, likely low on fetal B-cells owing to their

lack of stimulation and hormonal suppression. These

findings show a diverse and variable expression of

CD95 in the development of hematopoietic cells,

indicating that CD95 expression alone is not a reliable

marker of maturational status or activation.

Continued research into the development and

functional status of the human fetal immune system

should lead to new insights into the steps required in

the development of the immune system and

the establishment of peripheral tolerance towards

autologous antigens. These insights may lead to better

therapies for immune compromised patients and

transplant patients. Efforts at fetal gene or cellular

therapy would also benefit greatly from a clearer

understanding of the functional capacity of the

immune system at various stages of development.
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[27] Bárcena A, Muench MO, Song KS, Ohkubo T, Harrison MR.

Role of CD95/Fas and its ligand in the regulation of the growth

of human CD34þþCD38 2 fetal liver cells. Exp Hematol

1999;27(9):1428–39.
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 IC Project Number

Sub
 Project

 #
Project Title PI Name Org Name State /

 Country Amount

Human Fetal Tissue  2014 NIAID 1K22AI102769-01 Development of Vectored ImmunoProphylaxis
 as a strategy against HIV

BALAZS,
 ALEJANDRO

MASSACHUSETTS
 GENERAL HOSPITAL

MA $156,632

Human Fetal Tissue  2014 NIAID 5R01AI097012-03 Mode of action of a new Tat HIV-1 inhibitor VALENTE,
 SUSANA

SCRIPPS FLORIDA FL $678,760

Human Fetal Tissue  2014 NIAID 5R01AI095097-03 HIV co-infection and HCV-induced liver fibrosis
 in vivo

SU, LISHAN UNIV OF NORTH
 CAROLINA CHAPEL HILL

NC $370,000

Human Fetal Tissue  2014 NIAID 5R01AI051463-10 Repair of HCMV-Induced DNA Damage in
 Infected Cells

FORTUNATO,
 ELIZABETH

UNIVERSITY OF IDAHO ID $319,424

Human Fetal Tissue  2014 NEI 5R01EY018755-16 Herpes Simplex Virus Egress from Cells and
 Spread into Neuronal Axons

JOHNSON, DAVID OREGON HEALTH &
 SCIENCE UNIVERSITY

OR $446,321

Human Fetal Tissue  2014 NEI 5R01EY022936-02 Humoral Immunity, Astrocyte Injury, and
 Demyelination in Neuromyelitis Optica

BENNETT,
 JEFFREY

UNIVERSITY OF
 COLORADO DENVER

CO $379,137

Human Fetal Tissue  2014 NIAMS 5R37AR042455-22 Maternal Autoantibodies: Pathogenesis of
 Neonatal Lupus

BUYON, JILL NEW YORK UNIVERSITY
 SCHOOL OF MEDICINE

NY $358,798

Human Fetal Tissue  2014 NEI 5R01EY022079-03 Defining the molecular mechanisms underlying
 human RPE plasticity

TEMPLE, SALLY REGENERATIVE
 RESEARCH FOUNDATION

NY $432,376

Human Fetal Tissue  2014 NIAID 5R21AI105847-02 Immune evasion in a humanized mouse model
 of HHV-6 infection

HUDSON, AMY MEDICAL COLLEGE OF
 WISCONSIN

WI $257,579

Human Fetal Tissue  2014 NIDDK 5R01DK092456-03 Human Endocrine Cell Development WELLS, JAMES CINCINNATI CHILDRENS
 HOSP MED CTR

OH $455,040

Human Fetal Tissue  2014 NICHD 1R01HD078561-01 Development of Brain Connectivity in Human
 Fetus, Newborn, and Toddler Ages

TAKAHASHI OKI,
 EMI

CHILDREN'S HOSPITAL
 CORPORATION

MA $379,162

Human Fetal Tissue  2014 NEI 1R01EY024045-01 3D retina-RPE constructs for vision restoration
 in new rat retinal degeneration m

KEIRSTEAD,
 HANS

UNIVERSITY OF
 CALIFORNIA-IRVINE

CA $385,730

Human Fetal Tissue  2014 NIAID 5P01AI104715-02 5790 Optimizing CD8+ T Cell Vaccine Responses
 Against HIV

ALLEN, TODD MASSACHUSETTS
 GENERAL HOSPITAL

MA $393,756

Human Fetal Tissue  2014 NIAID 5P01AI104715-02 5798 Optimizing Antibody Vaccines Against HIV SCHIEF, WILLIAM MASSACHUSETTS
 GENERAL HOSPITAL

MA $875,378

Human Fetal Tissue  2014 NIAID 5P01AI104715-02 5800 Animal and Laboratory Core ALLEN, TODD MASSACHUSETTS
 GENERAL HOSPITAL

MA $728,637

Human Fetal Tissue  2014 NIAID 5P01AI100148-02 7194 Human Antibodies to HIV NUSSENZWEIG,
 MICHEL

CALIFORNIA INSTITUTE
 OF TECHNOLOGY

CA $336,786

Human Fetal Tissue  2014 NIAID 5P01AI100148-02 7195 Fc effector function in bNAbs RAVETCH,
 JEFFREY

CALIFORNIA INSTITUTE
 OF TECHNOLOGY

CA $947,985

Human Fetal Tissue  2014 NIAID 5P01AI100148-02 7199 Animal Services NUSSENZWEIG,
 MICHEL

CALIFORNIA INSTITUTE
 OF TECHNOLOGY

CA $362,222

Human Fetal Tissue  2014 NIMH 1K99MH102357-01 Genetic Influences on Human Cortical
 Development

STEIN, JASON UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $117,990

Human Fetal Tissue  2014 NIAID 5R44AI102396-03 Therapeutic Antibodies for CMV KAUVAR,
 LAWRENCE

TRELLIS BIOSCIENCE,
 LLC

CA $990,935

Human Fetal Tissue  2014 NIAID 5R01AI064569-08 Role of CD47 in xenograft rejection by
 macrophages

YANG, YONG-
GUANG

COLUMBIA UNIVERSITY
 HEALTH SCIENCES

NY $364,541

Human Fetal Tissue  2014 NIMH 5R01MH099555-02 Phenotyping Astrocytes in Human
 Neurodevelopmental Disorders

BARRES, BEN STANFORD UNIVERSITY CA $386,750

Human Fetal Tissue  2014 NIAID 5P30AI028697-25 7320 Humanized Mouse Chimera Core KITCHEN, SCOTT UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $136,054

Human Fetal Tissue  2014 NIAID 5P30AI028697-25 7321 Gene and Cellular Therapy Core AN, DONG SUNG UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $111,435
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Human Fetal Tissue  2014 NIDA 2R01DA023999-06 Origin of Cortical Species-specific Distinctions. RAKIC, PASKO YALE UNIVERSITY CT $729,725

Human Fetal Tissue  2014 NIMH 1R01MH100914-01A1 Genomic mosaicism in developing human brain VACCARINO,
 FLORA

YALE UNIVERSITY CT $796,238

Human Fetal Tissue  2014 NICHD 5P01HD029587-19 7045 PROJECT II - CLINICALLY-SAFE NMDAR
 ANTAGONISTS PREVENT NEUROTOXICITY

LIPTON, STUART SANFORD-BURNHAM
 MEDICAL RESEARCH
 INSTIT

CA $402,170

Human Fetal Tissue  2014 NICHD 5P01HD029587-19 7046 PROJECT III - GENETIC APPROACH TO
 EXCITATORY TRANSMISSION

NAKANISHI,
 NOBUKI

SANFORD-BURNHAM
 MEDICAL RESEARCH
 INSTIT

CA $372,898

Human Fetal Tissue  2014 NICHD 5P01HD029587-19 7048 CORE B - NEUROSCIENCE RESEARCH
 CORE

ZHANG,
 DONGXIAN

SANFORD-BURNHAM
 MEDICAL RESEARCH
 INSTIT

CA $238,881

Human Fetal Tissue  2014 NIAID 5R01AI020459-31 Varicella-Zoster Virus: T Cell/Skin Tropism &
 Immunity

ARVIN, ANN STANFORD UNIVERSITY CA $438,199

Human Fetal Tissue  2014 NIAID 5P01AI099783-03 7518 In Vivo Model Core AKKINA, RAMESH SCRIPPS RESEARCH
 INSTITUTE

CA $316,625

Human Fetal Tissue  2014 NIAID 5R01AI100121-03 Transitional and Naive CD4 T cells and B cells
 in Infant Vaccine Responses

LEWIS, DAVID STANFORD UNIVERSITY CA $361,083

Human Fetal Tissue  2014 NIAID 5R01AI099284-03 Hepatitis C antivirals: Mechanism of action,
 combination efficacy and resistance

RICE, CHARLES ROCKEFELLER
 UNIVERSITY

NY $735,361

Human Fetal Tissue  2014 NIAID 5R44AI082799-05 Novel Methylenecyclopropane Analogues as
 Anti-Human Herpesvirus 6 and 8 Agents

BOWLIN, TERRY MICROBIOTIX, INC MA $1,000,000

Human Fetal Tissue  2014 NINDS 5R01NS075998-04 Stem Cells of the Developing Human Neocortex KRIEGSTEIN,
 ARNOLD

UNIVERSITY OF
 CALIFORNIA, SAN
 FRANCISCO

CA $334,590

Human Fetal Tissue  2014 NEI 5R01EY009357-20 Vasculogenesis and hyperoxia in the
 developing retina.

LUTTY, GERARD JOHNS HOPKINS
 UNIVERSITY

MD $463,016

Human Fetal Tissue  2014 NEI 5R01EY017011-09 Endothelial Transmigration in Neovascular Age-
related Macular Degeneration

HARTNETT,
 MARY
 ELIZABETH

UNIVERSITY OF UTAH UT $365,050

Human Fetal Tissue  2014 NEI 5R01EY016151-08 Birth and Death of Choriocapillaris. LUTTY, GERARD JOHNS HOPKINS
 UNIVERSITY

MD $455,094

Human Fetal Tissue  2014 NINDS 5R21NS081447-02 Identification of Immune modulators associated
 with JC virus replication

GORDON,
 JENNIFER

TEMPLE UNIV OF THE
 COMMONWEALTH

PA $231,660

Human Fetal Tissue  2014 NIAID 1R21AI110149-01 HIV-specific nucleases to reservoir cells CANNON, PAULA UNIVERSITY OF
 SOUTHERN CALIFORNIA

CA $205,208

Human Fetal Tissue  2014 NIAID 1U19AI109784-01 8866 Modeling DENV Infection and PRINT-NP Based
 DENV Vaccines in Humanized Mice

TING, JENNY UNIV OF NORTH
 CAROLINA CHAPEL HILL

NC $563,944

Human Fetal Tissue  2014 NIAID 5R01AI072613-08 Identification and characterization of cellular
 factors involved in HCV entry

RICE, CHARLES ROCKEFELLER
 UNIVERSITY

NY $546,673

Human Fetal Tissue  2014 NIAID 1R01AI102825-01A1 HIV Cure with CCr5 (-) Human IPS
 Hematopoietic Stem Cells

LEVY, JAY UNIVERSITY OF
 CALIFORNIA, SAN
 FRANCISCO

CA $613,068

Human Fetal Tissue  2014 NIAID 1R01AI110297-01 Hematopoietic stem/progenitor cell reservoirs CHEN, IRVIN UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $385,000

Human Fetal Tissue  2014 NIAID 1R21AI110306-01 Targeting Type I Interferon Immune Activation
 to Control HIV Infection in vivo

KITCHEN, SCOTT UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $231,000

Human Fetal Tissue  2014 NIAID 5R01AI087470-05 C5a as an Anti-HIV Microbicidal Candidate GALLAY,
 PHILIPPE

SCRIPPS RESEARCH
 INSTITUTE

CA $470,003

Human Fetal Tissue  2014 NIAID 5R01AI101192-03 Neuroimmune regulation of neurotropic JC virus
 by SF2/ASF in glial cells

SARIYER, ILKER TEMPLE UNIV OF THE
 COMMONWEALTH

PA $382,500

Human Fetal Tissue  2014 NIAID 5P01AI046629-14 5661 EBV and Heterologous Alloimmunity in
 Humanized Mice

SELIN, LIISA UNIV OF
 MASSACHUSETTS MED
 SCH WORCESTER

MA $483,023

Human Fetal Tissue  2014 NIAID 5P01AI046629-14 5662 Virology and Technology Core BREHM,
 MICHAEL

UNIV OF
 MASSACHUSETTS MED
 SCH WORCESTER

MA $137,760

Human Fetal Tissue  2014 NIAID 5P01AI046629-14 5663 Mouse and Transplantation Core GREINER, DALE UNIV OF
 MASSACHUSETTS MED
 SCH WORCESTER

MA $145,117

Human Fetal Tissue  2014 NIAID 5R21AI108259-02 HIV-Induced Immune Activation in Humanized
 MIce

SWAMY,
 MANJUNATH

TEXAS TECH
 UNIVERSITY HEALTH
 SCIS CENTER

TX $226,500

Human Fetal Tissue  2014 NIAID 5R01AI100845-03 Modeling Next Generation HIV PrEP in
 Humanized Mice

AKKINA, RAMESH COLORADO STATE
 UNIVERSITY

CO $674,697

Human Fetal Tissue  2014 NEI 5R01EY015240-10 Retinal iron transport in health and disease DUNAIEF,
 JOSHUA

UNIVERSITY OF
 PENNSYLVANIA

PA $618,434

Human Fetal Tissue  2014 NIAID 5R01AI026806-20 Plasmacytoid Dendritic Cells in HIV
 pathogenesis

FITZGERALD-
BOCARSLY,
 PATRICIA

RBHS-NEW JERSEY
 MEDICAL SCHOOL

NJ $393,525

Human Fetal Tissue  2014 NIAID 5R01AI102546-03 Varicella zoster virus: molecular controls of cell
 fusion-dependent pathogenesis

ARVIN, ANN STANFORD UNIVERSITY CA $392,725

Human Fetal Tissue  2014 NIAID 5R21AI108398-02 Heat shock protein 90 and HIV persistence STODDART,
 CHERYL

UNIVERSITY OF
 CALIFORNIA, SAN
 FRANCISCO

CA $296,396

Human Fetal Tissue  2014 NIDDK 5K08DK093705-03 Epigenetic regulation of BCL11A in the
 hemoglobin switch

BAUER, DANIEL CHILDREN'S HOSPITAL
 CORPORATION

MA $124,675

Human Fetal Tissue  2014 NIAID 5R33AI088595-05 Exploring the Role of Vif Antagonists in
 Preventing Sexual HIV Transmission

STEVENSON,
 MARIO

UNIVERSITY OF MIAMI
 SCHOOL OF MEDICINE

FL $413,403

Human Fetal Tissue  2014 NIAMS 5R03AR062763-02 Decellularized Stem Cell Matrix Rejuvenates
 Human Cells from Herniated Discs

PEI, MING WEST VIRGINIA
 UNIVERSITY

WV $74,000

Human Fetal Tissue  2014 NIAID 5R01AI102816-04 Interferon Effects on HIV Transmission in
 Human Models

LIEBERMAN,
 JUDY

CHILDREN'S HOSPITAL
 CORPORATION

MA $822,004

Human Fetal Tissue  2014 NIA 5P50AG016573-15 6918 ASTROCYTE-RELATED MOLECULAR
 MECHANISMS UNDERLYING ALTERED
 NEURONAL PLASTICITY IN

BUSCIGLIO,
 JORGE

UNIVERSITY OF
 CALIFORNIA-IRVINE

CA $224,584
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Human Fetal Tissue  2014 NIDCR 1R01DE024188-01 Neuronal regulation of salivary stem cells KNOX, SARAH UNIVERSITY OF
 CALIFORNIA, SAN
 FRANCISCO

CA $403,338

Human Fetal Tissue  2014 NIMH 1U01MH103365-01 Gene regulatory elements and transcriptome in
 iPSCs and embryonic human cortex

VACCARINO,
 FLORA

YALE UNIVERSITY CT $650,001

Human Fetal Tissue  2014 NICHD 5R24HD000836-50 LABORATORY OF DEVELOPMENTAL
 BIOLOGY

GLASS, IAN UNIVERSITY OF
 WASHINGTON

WA $668,537

Human Fetal Tissue  2014 NEI 5R01EY019320-05 Alternative Pathway of Complement Activation
 in Age-Related Macular Degeneration

ROHRER,
 BAERBEL

MEDICAL UNIVERSITY OF
 SOUTH CAROLINA

SC $311,183

Human Fetal Tissue  2014 NINDS 5R01NS034239-20 Neuroprotective Immunity and HIV Dementia GENDELMAN,
 HOWARD

UNIVERSITY OF
 NEBRASKA MEDICAL
 CENTER

NE $367,537

Human Fetal Tissue  2014 NIAID 1R21AI111042-01 Role of Reactive Oxygen Species in Nipah
 Virus Pathogenesis

VALBUENA,
 GUSTAVO

UNIVERSITY OF TEXAS
 MEDICAL BR GALVESTON

TX $193,698

Human Fetal Tissue  2014 NIAID 5R01AI096138-04 Next Generation Pre-exposure Prophylaxis GARCIA-
MARTINEZ, J.
 VICTOR

UNIV OF NORTH
 CAROLINA CHAPEL HILL

NC $705,599

Human Fetal Tissue  2014 NHLBI 1U01HL122700-01 Biorepository for Investigation of Neonatal
 Diseases of Lung-Normal (BRINDL-NL)

PRYHUBER,
 GLORIA

UNIVERSITY OF
 ROCHESTER

NY $406,822

Human Fetal Tissue  2014 NIAID 5R01AI065309-11 Impact of HSV-2 on Female Genital Tract
 Mucosal Immunity & HIV Infection

HEROLD, BETSY ALBERT EINSTEIN
 COLLEGE OF MEDICINE

NY $656,261

Human Fetal Tissue  2014 NEI 5R01EY019065-05 The Mechanism of the Outer Blood-Retina
 Barrier Breakdown

ABLONCZY,
 ZSOLT

MEDICAL UNIVERSITY OF
 SOUTH CAROLINA

SC $346,920

Human Fetal Tissue  2014 NIDDK 5F32DK095539-03 Cell intrinsic immunopathology of Type I
 diabetes in humanized mice

DANZL, NICHOLE COLUMBIA UNIVERSITY
 HEALTH SCIENCES

NY $58,946

Human Fetal Tissue  2014 NIMH 5R01MH065151-13 BBB Protection in HIV Infection: Barrier-
shielding effects of PARP inhibition

PERSIDSKY,
 YURI

TEMPLE UNIV OF THE
 COMMONWEALTH

PA $458,846

Human Fetal Tissue  2014 NIAMS 5R01AR060317-04 C6ORF32, AN HDAC6-BINDING PROTEIN
 THAT REGULATES MYOBLAST
 DIFFERENTIATION

GUSSONI,
 EMANUELA

CHILDREN'S HOSPITAL
 CORPORATION

MA $383,670

Human Fetal Tissue  2014 NIAID 5R21AI107587-02 Stx-mediated disease and immunomodulatory
 effectors of enterohemorrhagic E.coli

LEONG, JOHN TUFTS UNIVERSITY
 BOSTON

MA $170,625

Human Fetal Tissue  2014 NIDDK 5R01DK071111-07 Transplantation of Endothelial Cells GUPTA,
 SANJEEV

ALBERT EINSTEIN
 COLLEGE OF MEDICINE

NY $438,260

Human Fetal Tissue  2014 NIAID 2P30AI060354-11 6449 Humanized Mouse Core TAGER, ANDREW HARVARD UNIVERSITY MA $195,898

Human Fetal Tissue  2014 NICHD 2P30AI060354-11 6449 Humanized Mouse Core TAGER, ANDREW HARVARD UNIVERSITY MA $195,898

Human Fetal Tissue  2014 NINDS 5R01NS075345-04 Molecular Regulation of Human Glial Progenitor
 Cell-Based Remyelination

GOLDMAN,
 STEVEN

UNIVERSITY OF
 ROCHESTER

NY $334,588

Human Fetal Tissue  2014 NEI 2R01EY014685-11A1 The Molecular Genetics of High Myopia YOUNG, TERRI DUKE UNIVERSITY NC $701,571

Human Fetal Tissue  2014 NICHD 5R37HD021341-30 A Program of Research in Population
 Cytogenetics

HASSOLD,
 TERRY

WASHINGTON STATE
 UNIVERSITY

WA $566,040

Human Fetal Tissue  2014 NIAID 5R01AI070010-09 Targeting HIV Reservoirs in vitro and in vivo ZACK, JEROME UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $385,000

Human Fetal Tissue  2014 NIAID 5R01AI100652-03 Genetic protection of hematopoietic stem cells
 for stable HIV control

AN, DONG SUNG UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $385,000

Human Fetal Tissue  2014 NEI 5R21EY023812-02 AMD THERAPY: A Screen for Molecules that
 Promote RPE Survival and Differentiation

ZACK, DONALD JOHNS HOPKINS
 UNIVERSITY

MD $238,140

Human Fetal Tissue  2014 NIAID 5R01AI077460-07 Cytokine regulation of JC virus latency and
 reactivation

WHITE, MARTYN TEMPLE UNIV OF THE
 COMMONWEALTH

PA $351,000

Human Fetal Tissue  2014 NEI 2R01EY012042-13A1 RPE Lactate Transporters: A Role in Retinal
 Survival

PHILP, NANCY THOMAS JEFFERSON
 UNIVERSITY

PA $514,923

Human Fetal Tissue  2014 NIAID 1R01AI111789-01 Harnessing type 1 IFN-stimulated antiviral
 mechanisms for HIV vaccine design

HAHN, BEATRICE UNIVERSITY OF
 PENNSYLVANIA

PA $217,200

Human Fetal Tissue  2014 NIAID 1R01AI111809-01 Boosting cell-intrinsic innate immune
 recognition of HIV-1 by dendritic cells

LUBAN, JEREMY UNIV OF
 MASSACHUSETTS MED
 SCH WORCESTER

MA $602,424

Human Fetal Tissue  2014 NIAID 1R01AI111860-01 T-cell-mediated targeting of therapeutics to HIV
 reservoirs

IRVINE, DARRELL MASSACHUSETTS
 INSTITUTE OF
 TECHNOLOGY

MA $436,887

Human Fetal Tissue  2014 NIAID 1R01AI111891-01 Multi-Species Mechanisms of Drug Bio-
distribution in HIV Tissue Reservoirs

KASHUBA,
 ANGELA

UNIV OF NORTH
 CAROLINA CHAPEL HILL

NC $808,479

Human Fetal Tissue  2014 NIAID 1R01AI111899-01 Plug & Purge: In Vivo Targeting of Active HIV
 Reservoirs That Persist Despite ART

GARCIA-
MARTINEZ, J.
 VICTOR

UNIV OF NORTH
 CAROLINA CHAPEL HILL

NC $486,481

Human Fetal Tissue  2014 NIAID 1R01AI111862-01 Improve the safety of an efficacious live-
attenuated HIV-1 vaccine through unnatu

GUO, JIANTAO UNIVERSITY OF
 NEBRASKA LINCOLN

NE $485,765

Human Fetal Tissue  2014 NIAID 5R01AI073146-07 Prevention of HIV Acquisition by Long-acting
 Antiretroviral PrEP

GARCIA-
MARTINEZ, J.
 VICTOR

UNIV OF NORTH
 CAROLINA CHAPEL HILL

NC $633,949

Human Fetal Tissue  2014 NIAID 1R01AI111936-01 Inflammation and HIV risk: understanding
 partial Tenofovir efficacy in CAPRISA004

PASSMORE, JO-
ANN

CENTRE/AIDS
 PROGRAMME/RES/SOUTH
 AFRICA

SO AFR $460,080

Human Fetal Tissue  2014 NIAID 5U19AI096113-04 8210 BLT Model of latency and eradication GARCIA-
MARTINEZ, J.
 VICTOR

UNIV OF NORTH
 CAROLINA CHAPEL HILL

NC $309,569

Human Fetal Tissue  2014 NIAID 5U19AI096113-04 8211 Eradication of HIV reservoirs in vivo ZACK, JEROME UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $358,721

Human Fetal Tissue  2014 NIAID 1R21AI109410-01A1 A new humanized mouse model of chronic
 hepatitis B

ROBEK, MICHAEL YALE UNIVERSITY CT $206,767

Human Fetal Tissue  2014 NIA 5R01AG026094-09 The Sir2-p53-IGF link in mammalian life-span
 control

CHINI, EDUARDO MAYO CLINIC
 ROCHESTER

MN $353,963

Human Fetal Tissue  2014 NEI 5F32EY023911-02 Molecular patterning and specification of the
 fovea during retinal development.

MUNDELL,
 NATHAN

HARVARD MEDICAL
 SCHOOL

MA $55,094
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Human Fetal Tissue  2014 NIAID 5R33AI088601-04 TARGETED siRNA DELIVERY AS AN ANTI-
HIV MICROBICIDE

DYKXHOORN,
 DEREK

UNIVERSITY OF MIAMI
 SCHOOL OF MEDICINE

FL $405,350

Human Fetal Tissue  2014 NIAID 5R01AI097052-02 Migratory Properties of HIV-infected T cells in
 vivo

MEMPEL,
 THORSTEN

MASSACHUSETTS
 GENERAL HOSPITAL

MA $772,503

Human Fetal Tissue  2014 NIDDK 5P01DK088760-04 6457 Reprogramming iPS Cells with Exogenous and
 Endogenous Transcription Factor Genes

KAN, YUET UNIVERSITY OF
 CALIFORNIA, SAN
 FRANCISCO

CA $381,220

Human Fetal Tissue  2014 NIDDK 5P01DK088760-04 6458 Correction of ^-globin Mutations in Human
 Somatic and iPS Cells

GRUENERT,
 DIETER

UNIVERSITY OF
 CALIFORNIA, SAN
 FRANCISCO

CA $303,041

Human Fetal Tissue  2014 NIDDK 5P01DK088760-04 6459 Generation of Hematopoietic Stem Cells from
 Induced Pluripotent Stem Cells

MUENCH,
 MARCUS

BLOOD SYSTEMS
 RESEARCH INSTITUTE

CA $263,598

Human Fetal Tissue  2014 NIDDK 5P01DK088760-04 6461 Cell and Molecular Biology Core GRUENERT,
 DIETER

UNIVERSITY OF
 CALIFORNIA, SAN
 FRANCISCO

CA $171,582

Human Fetal Tissue  2014 NIDDK 5P01DK088760-04 6462 Cell Transplantation and Analysis Core MUENCH,
 MARCUS

BLOOD SYSTEMS
 RESEARCH INSTITUTE

CA $180,242

Human Fetal Tissue  2014 NIAID 5R21AI106472-02 Impact of HIV infection on anti-tumor CD8
 responses in vivo

VATAKIS,
 DIMITRIOS

UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $231,000

Human Fetal Tissue  2014 NICHD 5R01HD071920-02 Comparative Effectiveness of Pregnancy
 Failure Management Regimens (Pre-Fai-R)

SCHREIBER,
 COURTNEY

UNIVERSITY OF
 PENNSYLVANIA

PA $552,064

Human Fetal Tissue  2014 NEI 5R01EY016182-09 Prenatal Development of Visual System USREY, W UNIVERSITY OF
 CALIFORNIA AT DAVIS

CA $372,037

Human Fetal Tissue  2014 NEI 5K08EY022670-03 Micro-RNAs in the Sclera: Role in Ocular
 Growth, and Implications for Myopia

METLAPALLY,
 RAVIKANTH

UNIVERSITY OF
 CALIFORNIA BERKELEY

CA $165,426

Human Fetal Tissue  2014 NIAID 5R01AI111595-02 Generation and Function of NK Cell Memory VON ANDRIAN,
 ULRICH

HARVARD MEDICAL
 SCHOOL

MA $834,830

Human Fetal Tissue  2014 NIAAA 5U01AA016501-09 PRENATAL ALCOHOL IN SUDDEN INFANT
 DEATH SYNDROME AND STILLBIRTH
 (PASS)

ODENDAAL,
 HENDRIK

STELLENBOSCH
 UNIVERSITY
 TYGERBERG CAMPUS

SO AFR $969,106

Human Fetal Tissue  2014 NEI 5R01EY022044-03 Unfolded Protein Response in Glaucoma
 Pathogenesis

KUEHN, MARKUS UNIVERSITY OF IOWA IA $369,950

Human Fetal Tissue  2014 NEI 5R01EY008538-24 RETINA: REVERSED POLARITY AND
 MORPHOGENESIS OF RPE

RODRIGUEZ-
BOULAN,
 ENRIQUE

 WEILL MEDICAL COLL OF
 CORNELL UNIV

NY $591,990

Human Fetal Tissue  2014 NIDDK 5P01DK033506-29 8693 Bacterial-Enterocyte "Cross-Talk": in the
 Developing Intestine

WALKER, W MASSACHUSETTS
 GENERAL HOSPITAL

MA $288,146

Human Fetal Tissue  2014 NIDDK 5P01DK033506-29 5102 Xenograft and Isograft Core WALKER, W MASSACHUSETTS
 GENERAL HOSPITAL

MA $338,449

Human Fetal Tissue  2014 NIAID 1R21AI112321-01 Retrogenic humanized mice for the study of
 T1D

GREINER, DALE UNIV OF
 MASSACHUSETTS MED
 SCH WORCESTER

MA $271,354

Human Fetal Tissue  2014 NIDA 5R21DA036423-02 Modeling Neural Injury Effects of
 Methamphetamine Metabolism by CYP2D6 in
 HIV

CHERNER,
 MARIANA

UNIVERSITY OF
 CALIFORNIA SAN DIEGO

CA $232,500

Human Fetal Tissue  2014 NIAID 1R21AI112375-01 T follicular regulatory cells, a potential HIV
 reservoir.

 UITTENBOGAART,
 CHRISTEL

UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $231,000

Human Fetal Tissue  2014 NIAID 1R01AI112443-01 In vivo genomic editing of hematopoietic cells
 for HIV resistance

KUMAR, PRITI YALE UNIVERSITY CT $250,000

Human Fetal Tissue  2014 NIAID 2R01AI029329-24A1 Enhancing the Intracellular Functioning of anti-
HV RNAS

ROSSI, JOHN CITY OF HOPE/BECKMAN
 RESEARCH INSTITUTE

CA $654,174

Human Fetal Tissue  2014 NIAID 2R01AI076059-07A1 Elimination of HIV using HERV specific T cells NIXON,
 DOUGLAS

GEORGE WASHINGTON
 UNIVERSITY

DC $484,540

Human Fetal Tissue  2014 RMAP 5PN2EY018241-10 NDC for the Optical Control of Biological
 Function

ISACOFF, EHUD UNIVERSITY OF
 CALIFORNIA BERKELEY

CA $4,877,000

Human Fetal Tissue  2014 NIAID 1R01AI112493-01 Learning from attenuated CMV how to broaden
 HIV-specific T cell responses

LE GALL, SYLVIE MASSACHUSETTS
 GENERAL HOSPITAL

MA $531,382

Human Fetal Tissue  2014 NIAID 1F30AI112487-01 Investigating graft-versus-host clearance of
 HIV-infected cells in vivo

TSAI, PERRY UNIV OF NORTH
 CAROLINA CHAPEL HILL

NC $33,436

Human Fetal Tissue  2014 NIDDK 5U01DK094479-05 High resolution mapping of lower urinary tract
 innervation during development

KEAST, JANET UNIVERSITY OF
 MELBOURNE

AUSTRA $153,900

Human Fetal Tissue  2014 NIDDK 5U01DK094523-04 3D imaging and deep sequencing of gene
 expression in the genital tubercle

COHN, MARTIN UNIVERSITY OF FLORIDA FL $294,465

Human Fetal Tissue  2014 NIDDK 5U01DK094526-05 GUDMAP2 - Production of Mouse Strains for
 Gene Anatomy of the Lower Urinary Tract

MCMAHON,
 ANDREW

UNIVERSITY OF
 SOUTHERN CALIFORNIA

CA $336,200

Human Fetal Tissue  2014 NIDDK 5U01DK094530-04 Generating molecular markers that selectively
 label urothelial sub-populations

MENDELSOHN,
 CATHY

COLUMBIA UNIVERSITY
 HEALTH SCIENCES

NY $268,800

Human Fetal Tissue  2014 NIMH 5K99MH101252-02 Foxp2 regulation of sex specific transcriptional
 pathways and brain development

BOWERS,
 JERALD

UNIVERSITY OF
 MARYLAND BALTIMORE

MD $88,128

Human Fetal Tissue  2014 NIAID 1R01MH104147-01 Novel Kinase and Nanoformulated Protease
 Inhibitors for Eradication of CNS HIV-1

GELBARD,
 HARRIS

UNIVERSITY OF
 ROCHESTER

NY $473,852

Human Fetal Tissue  2014 NINDS 1R01MH104147-01 Novel Kinase and Nanoformulated Protease
 Inhibitors for Eradication of CNS HIV-1

GELBARD,
 HARRIS

UNIVERSITY OF
 ROCHESTER

NY $200,000

Human Fetal Tissue  2014 NEI 5K08EY023609-02 Role in Myopia Development of Retinal Pigment
 Epithelium - A New Therapeutic Targ

ZHANG, YAN UNIVERSITY OF
 CALIFORNIA BERKELEY

CA $149,679

Human Fetal Tissue  2014 NIAID 1R21AI110343-01A1 Functional Assessment of CTL Anergy in HIV
 Infection

YANG, OTTO UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $231,000

Human Fetal Tissue  2014 NIA 5R01AG043540-02 SMART HAND GENDELMAN,
 HOWARD

UNIVERSITY OF
 NEBRASKA MEDICAL
 CENTER

NE $625,779

Human Fetal Tissue  2014 NIAID 1P01AI112521-01 5417 P1: Differentiation of Antiviral Effector and
 Memory T Cell Subsets

VON ANDRIAN,
 ULRICH

HARVARD MEDICAL
 SCHOOL

MA $349,462

Human Fetal Tissue  2014 NIAID 1P01AI112521-01 5419 P3: Chemokine-Mediated T Cell Trafficking in
 HIV Transmission and Immune Response

LUSTER,
 ANDREW

MASSACHUSETTS
 GENERAL HOSPITAL

MA $590,638
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Human Fetal Tissue  2014 NINDS 1P01NS083513-01A1 5642 Project 2: Contribution of the 3rd trimester fetal
 subventricular zone to human

KRIEGSTEIN,
 ARNOLD

UNIVERSITY OF
 CALIFORNIA, SAN
 FRANCISCO

CA $252,697

Human Fetal Tissue  2014 NINDS 1P01NS083513-01A1 5644 CORE B: Neuropathology Core HUANG, ERIC UNIVERSITY OF
 CALIFORNIA, SAN
 FRANCISCO

CA $325,872

Human Fetal Tissue  2014 NIDDK 1R01DK100854-01A1 Modeling genetic modifiers of hematopoiesis
 with induced pluripotent stem cells

CHOU, STELLA CHILDREN'S HOSP OF
 PHILADELPHIA

PA $365,400

Human Fetal Tissue  2014 NINDS 1K99NS088572-01 Molecular and Cellular Mechanisms of Miller-
Dieker Syndrome

BERSHTEYN,
 MARINA

UNIVERSITY OF
 CALIFORNIA, SAN
 FRANCISCO

CA $88,020

Human Fetal Tissue  2014 NIAID 1U19AI113048-01 6465 Project 1: Pharmacokinetics of Combination
 Antiretroviral Intravaginal Rings

HENDRIX, CRAIG OAK CREST INSTITUTE
 OF SCIENCE

CA $584,012

Human Fetal Tissue  2014 NIAID 1U19AI113048-01 6466 Project 2: Safety Evaluation of Combination
 Antiretroviral Intravaginal Rings

BAUM, MARC OAK CREST INSTITUTE
 OF SCIENCE

CA $727,419

Human Fetal Tissue  2014 NIAID 1U19AI113048-01 6467 Project 3: Anti-HIV/SHIV Efficacy of
 Combination Antiretroviral Intravaginal Ring

PYLES, RICHARD OAK CREST INSTITUTE
 OF SCIENCE

CA $865,518

Human Fetal Tissue  2014 NINDS 1R21NS085508-01A1 GABAergic neurogenesis in humans and the
 effect of prematurity

BALLABH,
 PRAVEEN

NEW YORK MEDICAL
 COLLEGE

NY $241,500

Human Fetal Tissue  2014 NICHD 2R01HD058047-06A1 Understanding epigenetic remodeling in
 primordial germ cells

CLARK,
 AMANDER

UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $319,550

Human Fetal Tissue  2014 NIAID 1R21AI114433-01 Gene engineering using CRISPR/Cas9
 mutagenesis to eliminate latent HIV-1

CHEN, IRVIN UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $231,000

Human Fetal Tissue  2014 NIAID 1R21AI112486-01A1 Oral Induction of Mucosal and Systemic
 Antibodies Against HIV-1 gp41 MPER

DEAN, GREGG COLORADO STATE
 UNIVERSITY

CO $223,050

Human Fetal Tissue  2014 NEI 1U01MH105989-01 Mapping the Developing Human Neocortex by
 Massively Parallel Single Cell Analysis

KRIEGSTEIN,
 ARNOLD

UNIVERSITY OF
 CALIFORNIA, SAN
 FRANCISCO

CA $1,605,807

Human Fetal Tissue  2014 NIMH 1U01MH105989-01 Mapping the Developing Human Neocortex by
 Massively Parallel Single Cell Analysis

KRIEGSTEIN,
 ARNOLD

UNIVERSITY OF
 CALIFORNIA, SAN
 FRANCISCO

CA $1,605,807

Human Fetal Tissue  2014 NIMH 1U01MH105972-01 A Novel Approach for Cell-Type Classification
 and Connectivity in the Human Brain

SESTAN, NENAD YALE UNIVERSITY CT $1,892,843

Human Fetal Tissue  2014 NEI 1U01MH105991-01 Defining cell types, lineage, and connectivity in
 developing human fetal cortex

GESCHWIND,
 DANIEL

UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $875,397

Human Fetal Tissue  2014 NIMH 1U01MH105991-01 Defining cell types, lineage, and connectivity in
 developing human fetal cortex

GESCHWIND,
 DANIEL

UNIVERSITY OF
 CALIFORNIA LOS
 ANGELES

CA $875,397

Human Fetal Tissue  2014 NIMH 1F30MH106261-01 Do Astrocytes Cause Neurodevelopmental
 Disorders?

SLOAN, STEVEN STANFORD UNIVERSITY CA $34,842

Human Fetal Tissue  2014 NIDDK 1U54DK104309-01 7667 The Genetic Origins and Complications of
 Urinary Tract Abnormalities

MENDELSOHN,
 CATHY

COLUMBIA UNIVERSITY
 HEALTH SCIENCES

NY $366,571

Human Fetal Tissue  2014 NIAID 1R21AI116191-01 Lineage marking in humanized mice to reveal
 HIV-1 reservoirs

CHEN, BENJAMIN ICAHN SCHOOL OF
 MEDICINE AT MOUNT
 SINAI

NY $210,841

Human Fetal Tissue  2014 NIAID 2R56AI077414-06A1 Restoring anti-viral immunity during HTLV-
associated neuroinflammatory disease

JAIN, POOJA DREXEL UNIVERSITY PA $473,229

Human Fetal Tissue  2014 NEI 3R01EY018755-16S1 Herpes Simplex Virus Egress from Cells and
 Spread into Neuronal Axons

JOHNSON, DAVID OREGON HEALTH &
 SCIENCE UNIVERSITY

OR $56,213

Human Fetal Tissue  2014 NEI 1ZIAEY000419-11 Human Retinal Pigment Epithelial Physiology MILLER,
 SHELDON

NIH $1,146,810

Human Fetal Tissue  2014 NEI 1ZIAEY000456-07 Animal models of eye diseases MILLER,
 SHELDON

NIH $746,757

Human Fetal Tissue  2014 NEI 1ZIAEY000481-06 The treatment of uveitic cystoid macular edema
 with topical Interferon gamma

MILLER,
 SHELDON

NIH $140,623

Human Fetal Tissue  2014 NEI 1ZIAEY000513-03 Immune-related mechanisms in the pathogenic
 processes of retinal degeneration

GERY, IGAL NIH $557,643

Human Fetal Tissue  2014 NIAID 1ZIAAI000538-27 HIV-Receptor Interactions and Related Anti-HIV
 Strategies

BERGER,
 EDWARD

NIH $809,592

Human Fetal Tissue  2014 NIAID 1ZIAAI001141-04 HIV Infection in Humanized Mice HASENKRUG,
 KIM

NIH $376,655
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Novel humanized mouse models for HIV research

Paul W. Denton, PhD and J. Victor Garcia, PhD*

Department of Internal Medicine, Division of Infectious Diseases, University of Texas
Southwestern Medical Center at Dallas, 5323 Harry Hines Blvd. Rm Y9.206, Dallas, Texas,
75390-9113

Abstract
There are few models where HIV pathogenesis, particularly gut-associated lymphoid tissue
(GALT) CD4+ T cell depletion, can be studied and where potential clinical interventions against
HIV disease can be evaluated. HIV cannot be studied in normal mice due to the limited species
tropism of the virus. Through the pioneering efforts of many investigators, humanized mice are
now routinely utilized to rapidly advance the field of HIV research. It is important to recognize
that not all humanized mice models are equal and their strengths and weaknesses must be taken
into consideration in order to obtain information that is most relevant to the human condition. This
review distinguishes the major humanization protocols and highlights each model’s recent
contributions to HIV research, including mucosal transmission, GALT pathogenesis and the
evaluation of novel therapeutic and prevention approaches to potentially treat HIV disease and
prevent the further spread of AIDS.

Introduction
The involvement of mice in medical research has resulted in incalculable benefits to human
health. Yet their application has been constrained because mice are not susceptible to certain
human-specific pathogens like HIV, CMV, EBV, HCV, among others. Early after the
identification of HIV as the causative agent for AIDS, mouse cells were shown to be unable
to support HIV replication [1]. Despite this obstacle, the potential benefits of a small animal
model for HIV/AIDS research encouraged continued attempts to study this disease in mice
and to develop mice susceptible to HIV infection [2]. The cumulative result of these efforts
has been the development of mice that exhibit relevant human phenotype(s) and that are
designated “humanized mice”. To date, transgenic mice genetically altered to express a
variety of human proteins involved in different aspects of the HIV live cycle do not fully
support HIV replication in vivo [2]. Therefore, alternative approaches to humanize
immunodeficient mice have been developed that generally are referred to as severe
combined immunodeficient-human mice (SCID-hu) [3, 4]. Unlike transgenic mice, SCID-hu
mice are not genetically manipulated to express human proteins. Rather, SCID-hu mice are
generated when human cells and/or tissues are placed into immunodeficient mice. Novel
humanization strategies using human hematopoietic stem cells (HSC) and the recent
development of several new immunodeficient strains of mice have led to development of
new models that closely recapitulate key features of HIV disease. Specifically, these
humanized mice harbor in situ generated human hematopoietic cells that differentiate into
virtually all the cells relevant to different aspects of the HIV infection process in humans.
The pathological effects of HIV infection in the intestines have been extensively studied in
recent years. The perturbation of the gut-associated lymphoid tissue (GALT) early in HIV
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infection is now considered as a potentially important determinant of disease progression
[5]. This effector mucosal site has been shown to be profoundly affected by HIV/SIV
infection within the first few weeks of transmission in humans or macaques, respectively
[6]. Thus, the GALT is a key tissue to examine for the presence of relevant human cells in
humanized mice. Presented here is a brief account of the original SCID-hu models in HIV
research followed by a detailed review of the newest iterations of “humanized mice” and
their contributions to the study of HIV transmission, treatment and pathogenesis.

SCID-hu mouse models for HIV research
Different strains of immunodeficient mice are used to develop SCID-hu models. For the
most part they are devoid of functional mouse T or B lymphocytes but with varying levels of
residual immune function: SCID mice, exhibit essentially a complete innate immune system
along with mouse natural killer cell activity; NOD/SCID mice, are similar to SCID but with
much less mouse natural killer cell function; both Rag2 / IL2R c /  (DKO) mice and
NOD/SCID-IL2R c( / ) (NOG) mice have no B or T cells and essentially no mouse natural
killer cell activity [7]. SCID-hu PBL mice are generated when human peripheral blood
lymphocytes are injected intraperitonealy into SCID mice [1]. The SCID-hu PBL model
(including NOD/SCID-hu PBL mice) is characterized by a transient repopulation of the host
with mature human lymphocytes; there are no HSC providing renewal capacity. Fully
differentiated functional human B and T cells are present in SCID-hu PBL mice over a
period of weeks, but both the B and T lymphocyte repertoires are severely limited [8, 9].
This humanization approach contrasts with SCID-hu thy/liv mice which are generated by
implanting human fetal liver and thymus tissue under the kidney capsule of SCID mice [10].
In the SCID-hu thy/liv model there is an abundance of human thymocytes. However,
virtually all human cells are confined to the thymic organoid that develops after
implantation, except for in the spleen where low levels (<1%) of human T cells (and rarely
human B cells) can be found [10]. Thus, SCID-hu thy/liv mice do not have significant
systemic repopulation with human T cells and are virtually devoid of human B cells,
monocytes/macrophages and dendritic cells.

In the nearly two decades since these two models were described their use has resulted in
many advances in HIV research. SCID-hu PBL mice are susceptible to HIV-1 infection and
they have contributed to HIV research on topics ranging from viral cytopathic effects to
potential vaccine approaches [4]. In these mice, the intraperitonealy injected human PBL
being targeted for HIV-1 infection are not present in the mouse vaginal cavity in any
significant numbers; however, SCID-hu PBL mice do have “low and variable” susceptibility
to vaginal transmission of cell-associated HIV-1 when the mice are pretreated with progestin
to thin their vaginal epithelium [11]. This model has been used with limited success to
evaluate the potential of topical microbicides for preventing vaginal HIV-1 transmission [12,
13], but due to the lack of target cells in the vaginal mucosa there remains some uncertainty
regarding how these findings relate to human vaginal transmission [14]. SCID-hu thy/liv
mice are not susceptible to mucosal HIV-1 infection but are infected when virus is injected
directly into the thymic organoid – the organ to which pathological analyses are limited. The
SCID-hu thy/liv model has been very useful in understanding the effects of HIV on
thymopoeisis, including the depletion of CD4+CD8+ thymocytes [15] and in the pre-clinical
evaluation of antiretroviral therapies [16]. Neither of these two models has demonstrated
humanization of the gut mucosa, so neither rectal transmission nor the effects of HIV-1
infection on human cells in the GALT can be evaluated using these models.
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Recent developments in humanized mice for HIV research
New humanization protocols that overcome the major limitations of the original SCID-hu
models described above have been developed that facilitate the implementation of novel
experimental approaches aimed at addressing key issues of HIV/AIDS research. These new
protocols yield humanized mice exhibiting in situ development of long lasting robust
systemic levels of human cells relevant to HIV infection, including T cells [7], offering
significant benefits to HIV investigators (Table 1). Thus, HIV research in humanized mice
has entered a new era that has opened new and exciting avenues of investigation. Key
potential applications for the use of humanized mice in HIV research include: a)
understanding HIV transmission; b) determining the molecular basis of HIV pathogenesis
(including in GALT); c) evaluation of novel therapeutic strategies; d) development of anti-
latency therapy; and e) pre-clinical evaluation of novel prevention modalities (including
vaccines and microbicides). Three different new generation humanized mouse systems have
been used to study HIV. The common aspect of these new humanization protocols is the
transplantation of human HSC into one of the three immunodeficient mouse strains
described above. One key difference that must be noted is the fact that human T cells are
generated in the mouse thymus in both the humanized Rag2 / IL2R c /  and NOD/SCID-
IL2R c /  systems, whereas in the BLT model human T cells are generated in the context of
a fully functional human thymus. These systems also differ in several other aspects that are
summarized in the following paragraphs. A synopsis is shown in Table 2.

Humanized Rag2 / IL2R c /  mice
Traggiai, et al. described a humanization protocol whereby neonatal Rag2 / IL2R c /

mice are transplanted intrahepatically with human CD34+ HSC [17]. In Rag2 / IL2R c /

mice CD34+ cells develop into human B, T and dendritic cells [17]. Human thymocytes are
present in the thymus of these mice where they are presumed to be educated against mouse
MHC and then mature into T cells which exit the thymus and populate the host [17, 18].
Multiple research groups have demonstrated the ex vivo susceptibility of human T cells
generated within these mice to HIV-1 infection [19–21]. Additionally, the susceptibility of
these mice to systemic HIV-1 infection has been extensively described [19, 21–27].

The route of exposure used to study HIV-1 infection in humanized Rag2 / IL2R c /  mice
has been primarily intraperitoneal [19, 21–23, 25], with two reports using intravenous
inoculation [26, 27] and one report utilizing both rectal and vaginal inoculation [24].
Immunofluorescence was used to demonstrate moderate levels of human leukocytes in the
vagina, rectum and large intestine of humanized Rag2 / IL2R c /  mice [24].

Following infection, CD4+ T cell depletion and human HIV-specific immune response were
examined in humanized Rag2 / IL2R c /  mice. CD4+ T cell depletion by HIV-1 in these
mice has been shown in peripheral blood, primary lymphoid organs and secondary lymphoid
organs [19, 22–25, 27], but HIV pathogenesis in the GALT or the female reproductive tract
has not yet been examined in this model. Efforts to identify HIV-specific human immune
responses in humanized Rag2 / IL2R c /  mice have focused primarily on whether
immunoglobulins (Ig) against HIV are produced in vivo. Human Ig specific for HIV were
identified in the plasma of only 1 of 37 examined HIV-1 infected humanized
Rag2 / IL2R c /  mice [22, 23, 25], a disappointing result given that relatively robust
human Ig production in response to immunization that had been previously reported [17,
25]. Additionally, the limited attempts to identify HIV-specific human T cell responses in
these mice so far have been unsuccessful [22, 23]. Jiang, et al. recently expanded on the
characterization of the CD4+ T cell depletion occurring in these mice by showing that
human CD4+FoxP3+ regulatory T cells are depleted from lymphoid tissues during HIV-1
infection, possibly through apoptosis [26]. Because of their putative regulatory function and
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the fact that loss of these cells paralleled a decrease in plasma viral load, these authors
postulated an important role for CD4+FoxP3+ regulatory T cells in HIV-1 infection in this
model [26].

Humanized Rag2 / IL2R c /  mice have been recently used for the pre-clinical evaluation
of potential therapeutic approaches for the treatment of HIV disease. There is promising new
ex vivo data using an antiviral siRNA gene therapy approach, although the in vivo efficacy
of the siRNA the gene therapy utilized is not yet known [20]. In addition, peptide inhibitors
of HIV transcription evaluated in humanized Rag2 / IL2R c /  mice demonstrated a
notable reduction in viral RNA [21].

Humanized NOD/SCID-IL2R c /  mice
Thus far, two different approaches to humanize NOD/SCID-IL2R c /  mice have been
used. Hiramatsu, et al. humanized NOD/SCID-IL2R c /  mice by transplanting 8–12 week
old mice intravenously with human CD34+ HSC [28]. Ishikawa, et al. humanized NOD/
SCID-IL2R c /  mice by transplanting neonates intrahepatically with human CD34+ HSC
[29]. In both cases human T and B lymphocytes as well as myeloid cells developed in the
mice. Human thymocytes are present in the mouse thymus of humanized NOD/SCID-
IL2R c /  mice, where (like in humanized Rag2 / IL2R c /  mice) they are presumably
educated against mouse MHC [18, 28, 29]. More recently, Watanabe, et al. showed that
gamma radiation preconditioning of NOD/SCID-IL2R c /  mice prior to humanization is
not required for the reconstitution of adult NOD/SCID-IL2R c /  mice with CD34+ HSC
[30].

NOD/SCID-IL2R c /  mice humanized as adults have been inoculated intravenously with
HIV resulting in systemic dissemination, CD4+ T cell depletion and an HIV-specific
humoral immune response [30, 31]. CD4+ T cell depletion by HIV was documented in the
peripheral blood, primary lymphoid organs and secondary lymphoid organs of these mice
[30, 31]. Human Ig specific for HIV were identified in the plasma of 3 of 14 examined HIV
infected NOD/SCID-IL2R c /  mice humanized as adults [31]. There is no published data
regarding HIV-specific T cell responses in NOD/SCID-IL2R c /  mice humanized as
adults.

Intraperitoneal injection of NOD/SCID-IL2R c /  mice humanized as neonates with HIV
results in peripheral blood CD4+ T cell depletion [21, 32]. However, there is no published
data regarding HIV-specific Ig production or T cell responses in these mice. Kumar, et al.
used this model to show that continued dosing of the antiviral siRNA against Vif/Tat
targeted to mature human CD4+ T cells suppressed viral replication, but it did not prevent
intraperitoneal HIV-1 infection [32].

There is systemic dissemination of HIV-1 in NOD/SCID-IL2R c /  mice humanized as
adults and as neonates. Currently, there is no information available regarding humanization
of the GALT of these mice or of viral dissemination to the gut of NOD/SCID-IL2R c /

mice regardless of the humanization protocol. To date, there are no reports of mucosal
HIV-1 transmission in humanized NOD/SCID-IL2R c /  mice.

Humanized NOD/SCID BLT mice
In order to generate human T cells in the context of a human thymus, humanized Bone
marrow Liver Thymus (or BLT) mice were developed. Currently, BLT mice are the most
advanced humanized mouse model available for HIV research. BLT mice are generated by
implanting human fetal liver and thymus tissue under the kidney capsule of a NOD/SCID
mouse (as with SCID-hu thy/liv mice [10]) followed by transplantation of autologous human
fetal liver CD34+ HSC. This humanization protocol results in robust long-term systemic
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reconstitution with a full complement of functional human lymphoid and myeloid cells [33,
34]. In BLT mice the human thymus is where T cell education occurs in the context of
human MHC, as evidenced by human MHC-restricted T cell responses capable of
controlling Epstein-Barr virus infection in vivo [33]. In BLT mice human hematopoietic
cells are capable of robust human Ig production in response to immunization [35], xenograft
rejection [36, 37] and of responding to toxic shock syndrome toxin-1 (TSST-1) in vivo by
producing a cascade of human inflammatory cytokines, as well as upregulating key
activation and maturation antigens on human dendritic cells [33]. In addition, these mice
fully recapitulate the systemic expansion of human T cells expressing the v 2 T cell
receptor (TCR) in response to TSST-1 observed in humans undergoing toxic shock [33, 38].
BLT mice rectally infected with HIV have been shown to produce human anti-HIV IgG by
Western blot (3 out of 4 tested) [39]. Currently, HIV-specific T cell responses have not been
evaluated in BLT mice.

Immunohistochemical analysis of BLT mice intestines showed that they are populated with
human B cells, T cells, monocytes/macrophages, natural killer and dendritic cells [33, 39].
This initial analysis was extended using flow cytometry to characterize the different human
hematopoietic cells present in the gut of BLT mice. As in human GALT, human CD4+ and
CD8+ T cells in gut of BLT mice express a memory phenotype [39, 40]. Also like in human
gut, the dendritic cells in the intestines of BLT mice were found to be primarily lineage
negative, HLA-DRbright CD11c+ [39, 41]. There is a population of CD8+ T cells known to
reside exclusively in the intraepithelial and lamina propria layers of human small intestines
[42–44]. Specifically, human small intestine CD4negCD8+ T cells primarily express a
heterodimer with both an  and a  subunit of the CD8 molecule, but CD4+CD8+ T cells in
the human small intestine primarily express a homodimer CD8 molecule of only the 
subunit. Thus, CD4+CD8 + T cells are a well described gut-specific human T cell subset.
Examination of the small intestine intraepithelial and lamina propria layers in BLT mice
demonstrated the presence of both human CD4negCD8 + and CD4+CD8 + T cells [39].
These results confirm that the GALT of BLT mice is extensively humanized in a manner
that faithfully recreates major aspects of human GALT, including the presence of a known
gut-specific human T cell subset.

Further analysis of mucosal sites in BLT mice revealed extensive humanization in both the
lung and the female reproductive tract. The regions of the female reproductive tract
examined were the vagina, ectocervix, endocervix and the uterus. Human T cells (both
CD4+ and CD8+), monocyte/macrophages and CD11c+ dendritic cells were observed in
each of these distinct compartments [45]. The lungs of BLT mice are also highly
reconstituted with human: B cells, CD4+ and CD8+ T cells; monocyte/macrophages; and
CD123+ and CD11c+ dendritic cells [33].

The extensive reconstitution of mucosal tissues in BLT mice has made this model the
obvious choice to investigate key aspects of rectal and vaginal HIV-1 transmission [39, 45].
Both intravaginal and intrarectal exposure of BLT mice to HIV results in systemic
dissemination of HIV-1. Regardless of the route of inoculation, mucosal HIV-1 transmission
in BLT mice results in CD4+ T cell depletion from peripheral blood, primary and secondary
lymphoid tissues [39, 45]. Extensive CD4+ T cell depletion also occurs in the lungs and liver
of BLT mice [39, 45]. Following vaginal infection with a CCR5-tropic isolate, human
CD4+CCR5+ T cells essentially disappear from the BLT mouse lungs [45]. Like previously
described in human GALT, CD4+ T cell depletion in BLT GALT included CD4+CCR5+ T
cells and CD4+ effector memory T cells [40, 45].

Because of their extensive mucosal reconstitution and susceptibility to mucosal HIV
transmission, humanized BLT mice have been used to evaluate novel approaches to prevent
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mucosal HIV transmission. Specifically, daily pre-exposure prophylaxis with a combination
of emtricitabine and tenofovir disoproxil fumarate resulted in complete protection from a
single vaginal inoculation with a high dose of virus. Protection of BLT mice from infection
was extensively verified using stringent criteria that included absence of plasma viral
antigenemia, plasma viral RNA, tissue viral DNA and the absence of replication competent
virus in tissues [45]. These exciting results represent an example of the great utility that
humanized mice will have in multiple areas of HIV research.

Conclusions
The new generation of humanized mice described herein is rapidly opening new
opportunities for pre-clinical and basic HIV research. The accessibility of these models to
many investigators will certainly accelerate translational HIV/AIDS research. Humanized
mice have the potential to serve as surrogate models to investigate, in vivo, the role of HIV
auxiliary proteins in viral pathogenesis. Despite extensive knowledge of the in vitro
activities of these proteins, it is still unclear how each of their multiple in vitro activities
relates to their contribution to in vivo pathogenesis and disease progression. One example is
Nef, a lentiviral protein with at least four distinct in vitro activities, none of which has been
demonstrated to be central to Nef’s in vivo phenotype [46]. In vivo models of HIV
pathogenesis like those outlined here will serve to test fundamental hypotheses, yielding
critical information regarding the in vivo relevance of the different molecular determinants
of novel antiviral targets. In addition, they will also serve to test novel antivirals as they are
developed including those targeting HIV regulatory and auxiliary genes. The fact that
humanized BLT mice demonstrate extensive human-like GALT reconstitution and
recapitulate key aspects of HIV pathogenesis seen in the GALT of HIV infected patients
will make it possible to evaluate novel therapeutic approaches aimed at GALT
reconstitution. The demonstrated susceptibility of humanized Rag2 / IL2R c /  and BLT
mice to mucosal HIV transmission will facilitate the development and testing of topically
applied or systemically administered prophylactic approaches to prevent HIV transmission.
This promise has already been exploited to demonstrate the efficient protection afforded by
systemic antiretrovirals to prevent HIV transmission. The recent examples noted above
regarding the in vivo evaluation of novel therapeutic interventions is a clear indication of
how useful these models will be in the future. Finally, one area of great interest that is likely
to see further growth and development is the use of humanized mouse models for the
evaluation of novel vaccine approaches to prevent HIV infection. Developing a vaccine for
HIV has been extraordinarily difficult. The system most often used for pre-clinical
evaluation of vaccines has been SIV infection of macaques. There is a key limitation to the
SIV/macaque system. Namely, epitopes in the vaccines must be matched to the challenge
virus. In other words, the immunogenicity of SIV, not HIV, epitopes is being tested [47, 48].
If determining protective immunodominant epitopes is a goal of the vaccine effort [49], then
humanized mice can aid the effort as they can be infected with HIV. Their relative
accessibility and low cost will facilitate parallel analysis of immune responses and actual
protection from physiologically relevant challenge. Specifically, humanized mice will
facilitate the analysis of immune responses in the mucosal tissues where HIV is actually
transmitted and at the same time allow for mucosal challenge experiments that will serve to
determine to what extent any new vaccine approach might have a protective effect against
the specific viruses that are driving the epidemic. However, if humanized mice are used in
vaccine research, viral epitope processing and presentation should occur in the context of
human MHC, not mouse MHC. Specifically, immunodominant epitopes displayed on mouse
MHC to human TCR may not have direct relation to immunodominant epitopes displayed
on human MHC to the same human TCR. Thus, for vaccine research applications it will be
particularly important to fully elucidate how T cells are educated in the absence of human
stroma in humanized Rag2 / IL2R c /  and NOD/SCID-IL2R c /  mice. Human thymic
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stroma present in the humanized BLT model allows for the education of human thymocytes
in the full context of human MHC making this system highly relevant to evaluate human-
specific immune responses to potential HIV vaccines.
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Table 1

Benefits of new generation humanized mice for HIV research.

• In vivo research using human virus in the context of human cells (isolate, dose and route of human virus inoculation are easily
manipulated)

• Wide availability

• Affordable cost

• Facilitates control of intra-genetic variability as multiple mice can be made from a single human donor

• Facilitates control of inter-genetic variability as separate mouse cohorts can be made from different human donors

• Constant regeneration of the human immune system from hematopoietic stem cells results in long-lived human reconstitution
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Table 2

Comparative synopsis of new generation humanized mice.

Humanized Rag2 /

IL2R c /  mice
Humanized NOD/
SCID- IL2R c /

mice

Humanized NOD/
SCID BLT mice

HIV induced CD4+ T cell depletion in PB, 1° and 2°
lymphoid tissues Yes Yes Yes

HIV induced CD4+ T cell depletion in liver or lung Not evaluated Not evaluated Yes

HIV-specific Ig 1 in 37 3 in 14 3 in 4

HIV-specific T cell response Not found Not evaluated Not evaluated

Female reproductive tract humanization Limited Limited Extensive

Vaginal Transmission Yes Not evaluated Yes

GALT human reconstitution Limited Not evaluated Extensive

Rectal Transmission Yes Not evaluated Yes

HIV induced CD4+ T cell depletion in GALT Not evaluated Not evaluated Yes

Therapeutic/prevention modalities evaluated Gene therapy; peptide
transcription inhibitors siRNA therapy Anti-retroviral pre-

exposure prophylaxis

Therapeutic/prevention modalities in vivo efficacy
Peptide transcription
inhibitors – viral load

reduced

siRNA suppressed viral
load with continued

dosing

Anti-retrovirals result
in complete protection

from vaginal HIV
transmission

References [19–27] [21, 30–32] [39, 45]
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Fetal Tissue Fallout

We have a duty to use fetal tis-
sue for research and therapy.

This statement might seem ex-
treme in light of recent events 
that have reopened a seemingly 
long-settled debate over whether 
such research ought even be per-
mitted, let alone funded by the 
government. Morality and con-
science have been cited to justify 
defunding, and even criminaliz-
ing, the research, just as morality 
and conscience have been cited 
to justify not only health care 
professionals’ refusal to provide 
certain legal medical services to 
their patients but even their ob-
struction of others’ fulfillment 
of that duty.

But this duty of care should, I 
believe, be at the heart of the cur-
rent storm of debate surrounding 
fetal tissue research, an outgrowth 
of the ongoing effort to defund 
Planned Parenthood. And that duty 
includes taking advantage of ave-
nues of hope for current and fu-
ture patients, particularly if those 
avenues are being threatened by 
a purely political fight — one 
that, in this case, will in no way 
actually affect the number of fe-
tuses that are aborted or brought 
to term, the alleged goal of the 
activists involved.

The current uproar was ignit-
ed when an antiabortion activist, 
posing as a biomedical research 
company representative, captured 
on video — which he then edited 
in the most misleading way pos-
sible — discussions by Planned 
Parenthood physicians of the pro-
cedures they use (when recover-
ing specific fetal organ tissues) 
and the cost ($30 to $100 to reim-
burse for costs). The effect was 
to portray the organization as 

callous and possibly criminal in 
its actions. This orchestrated ef-
fort led, predictably, to state and 
federal calls to end funding for all 
Planned Parenthood services — 
more than 95% of which involve 
such things as contraception and 
screening for sexually transmitted 
diseases, rather than abortion.

Along the way, the target 
broadened, and the use of fetal tis-
sue in research was also attacked. 
Portrayed as ghoulish vivisection 
and body-part snatching, it was 
decried as barbaric by members 
of Congress. Within weeks, in-
quiries were announced in Ari-
zona, Indiana, Florida, Kansas, 
Georgia, Louisiana, Ohio, South 
Carolina, Tennessee, and Texas; 
Arizona began looking into 
making it more difficult to pro-
vide tissue; and bills were drafted 
in Wisconsin and California to 
make it virtually impossible to 
use fetal tissue or fetal cells. The 
inquiries revealed no law broken 
by Planned Parenthood, but only 
time will tell how many bills will 
become law.

A closer look at the ethics of 
fetal tissue research, however, re-
veals a duty to use this precious 
resource in the hope of finding 
new preventive and therapeutic 
interventions for devastating dis-
eases. Virtually every person in 
this country has benefited from 
research using fetal tissue. Every 
child who’s been spared the risks 
and misery of chickenpox, rubel-
la, or polio can thank the Nobel 
Prize recipients and other scien-
tists who used such tissue in re-
search yielding the vaccines that 
protect us (and give even the un-
vaccinated the benefit of herd 
immunity). This work has been 

going on for nearly a century, 
and the vaccines it produced 
have been in use nearly as long. 
Any discussion of the ethics of 
fetal tissue research must begin 
with its unimpeachable claim to 
have saved the lives and health 
of millions of people.

Critics point to the underlying 
abortions, assert that they are 
evil, and argue that society ought 
not implicitly endorse them or 
even indirectly benefit from them, 
lest it encourage more abortion or 
make society complicit with what 
they view as an immoral act. Yet 
they have overwhelmingly par-
taken of the vaccines and treat-
ments derived from fetal tissue 
research and give no indication 
that they will foreswear further 
benefits. Fairness and reciprocity 
alone would suggest they have a 
duty to support the work, or at 
least not to thwart it.

The 1988 Fetal Tissue Trans-
plantation Panel, which was ap-
pointed by President Ronald 
Reagan and included a chair and 
several members who opposed 
abortion rights, was not persuad-
ed by arguments about complici-
ty. Looking back over decades of 
research, the panel pointed out 
that despite fears to the contrary, 
there was no evidence that the 
possibility of deriving some good 
from fetal remains had ever per-
suaded women to have abortions 
they otherwise would not have 
chosen. But to assuage concerns, 
and to avoid even the theoretical 
possibility that the benefits of 
research might encourage an 
ambivalent woman to choose 
abortion, the panel recommended 
that the question of donation not 
be addressed until after a woman 
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had decided she was going to end 
a pregnancy. It also endorsed the 
law that prohibited tissue sale for 
profit (reimbursement of costs was 
permissible) and recommended 
that women not be allowed to di-
rect tissue for transplantation to 
particular people.

Having separated the abortion 
decision from the choice to do-
nate tissue, the panel concluded 
that public support is ethical: the 
source of the tissue poses no 
moral problem for some people, 
and in any case, the morality of 
the two acts can be distinguished.1 
Indeed, as to the claim of com-
plicity, although the Committee 
on Pro-Life Activities of the Na-
tional Conference of Catholic Bish-
ops was concerned that the abor-
tion could not in practice be 
separated from the research, it 
had written that “it may not be 
wrong in principle for someone 
unconnected with an abortion to 
make use of a fetal organ from 
an unborn child who died as the 
result of an abortion.”2 The same 
arguments led to similar recom-
mendations that have been ad-
opted by European countries.

As it reasoned its way to these 
recommendations, the panel not-
ed that it is commonplace to use 
organs and tissues from deceased 
people, whether their death was 
caused by accident or homicide. 
Homicide must surely be viewed 
as morally evil by anyone who 
decries the loss of fetal life, and 
yet no concern is raised about per-
sonal or societal complicity with 
the underlying act. Organ and tis-
sue transplant recipients often talk 
about the complex emotions that 
arise from knowing one’s own 
life was saved because another life 
was taken, but they do not then 
feel responsible for the other 
person’s death.

The panel also considered the 
pointlessness of refusing support 
for this research, which uses fe-
tal tissue that will otherwise be 
discarded. There are, of course, 
many avenues of research using 
other kinds of tissue, but fetal 
cells can rapidly divide, grow, and 
adapt to new environments in 
ways that make them the gold 
standard for some disease re-
search. And in other research 
areas, we don’t yet know if there 
is anything that could substitute. 
Fetal tissue research has already 
led to investigational therapy for 
end-stage breast cancer and ad-
vances against cardiac causes, and 
transplantation research is actively 
being pursued for diabetes (using 
fetal pancreatic islet cells), amyo-
trophic lateral sclerosis (using neu-
ral fetal stem cells injected into 
the spine), and in a major Euro-
pean initiative, Parkinson’s dis-
ease (using fetal dopamine cells).3

Given the panel’s conclusion 
that research use of fetal remains 
is ethical, it seems clear that the 
needs of current and future pa-
tients outweigh what can only be 
symbolic or political gestures of 
concern. Indeed, the Vatican’s Pon-
tifical Academy for Life, while ar-
guing for a right to refuse to use 
pediatric vaccines derived from 
fetal tissue and calling for devel-
opment of vaccines through other 
means, nonetheless concluded in 
2005 that parents’ duty to protect 
their children from illness justi-
fies their use of current vaccines.

Insofar as this latest threat to 
basic biomedical research grew 
out of abortion opponents’ long-
standing efforts to defund the 
vast majority of Planned Parent-
hood’s services, such as contra-
ceptive counseling and prescrib-
ing,4 the irony is that reducing 
access to contraception is the sur-

est way to increase the number of 
abortions — the inconsistent or 
incorrect use of contraception ac-
counts for nearly half of the unin-
tended pregnancies each year, and 
half of those end in abortion.5

By using the public’s unfamil-
iarity with the history and reali-
ties of fetal tissue research as a 
back door for attacking Planned 
Parenthood, abortion opponents 
have added millions of people to 
the collateral damage of the abor-
tion wars. This attack represents 
a betrayal of the people whose 
lives could be saved by the re-
search and a violation of that most 
fundamental duty of medicine and 
health policy, the duty of care.

Disclosure forms provided by the author 
are available with the full text of this arti-
cle at NEJM.org.

From the School of Law and the Depart-
ment of Medical History and Bioethics, 
School of Medicine and Public Health, Uni-
versity of Wisconsin, Madison.

This article was published on August 12, 
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Zika Virus and Birth Defects — Reviewing the Evidence  
for Causality

Sonja A. Rasmussen, M.D., Denise J. Jamieson, M.D., M.P.H., 
Margaret A. Honein, Ph.D., M.P.H., and Lyle R. Petersen, M.D., M.P.H.

Summary

The Zika virus has spread rapidly in the Ameri-
cas since its first identification in Brazil in early 
2015. Prenatal Zika virus infection has been 
linked to adverse pregnancy and birth outcomes, 
most notably microcephaly and other serious 
brain anomalies. To determine whether Zika vi-
rus infection during pregnancy causes these 
adverse outcomes, we evaluated available data 
using criteria that have been proposed for the 
assessment of potential teratogens. On the basis 
of this review, we conclude that a causal rela-
tionship exists between prenatal Zika virus in-
fection and microcephaly and other serious brain 
anomalies. Evidence that was used to support 
this causal relationship included Zika virus in-
fection at times during prenatal development 
that were consistent with the defects observed; a 
specific, rare phenotype involving microcephaly 
and associated brain anomalies in fetuses or 
infants with presumed or confirmed congenital 
Zika virus infection; and data that strongly sup-
port biologic plausibility, including the identifi-
cation of Zika virus in the brain tissue of af-
fected fetuses and infants. Given the recognition 
of this causal relationship, we need to intensify 
our efforts toward the prevention of adverse 
outcomes caused by congenital Zika virus infec-
tion. However, many questions that are critical 
to our prevention efforts remain, including the 
spectrum of defects caused by prenatal Zika 
virus infection, the degree of relative and abso-
lute risks of adverse outcomes among fetuses 
whose mothers were infected at different times 
during pregnancy, and factors that might af-
fect a woman’s risk of adverse pregnancy or 

birth outcomes. Addressing these questions 
will improve our ability to reduce the burden of 
the effects of Zika virus infection during preg-
nancy.

Potential Rel ationship  
bet ween Zik a Virus Infec tion  

and Birth Defec ts

Since the identification of the Zika virus in Bra-
zil in early 2015, the virus has spread rapidly 
throughout the Americas (www . cdc . gov/  zika/  geo/ 
 active-countries . html). An increase in the num-
ber of infants with microcephaly in Brazil was 
first noted in September 2015, after the recogni-
tion of Zika virus transmission in the country 
earlier in the year1; this was followed by the 
recognition of a similar increase in French Poly-
nesia after an outbreak there in 2013 and 2014.2 
Despite accumulating evidence that supports the 
link between Zika virus infection and micro-
cephaly, most experts have taken care not to state 
that Zika virus infection is causally related to 
these adverse outcomes.3 This cautious approach 
toward ascribing Zika virus as a cause of birth 
defects is not surprising, given that the last time 
an infectious pathogen (rubella virus) caused 
an epidemic of congenital defects was more than 
50 years ago, no flavivirus has ever been shown 
definitively to cause birth defects in humans,4 
and no reports of adverse pregnancy or birth 
outcomes were noted during previous outbreaks 
of Zika virus disease in the Pacific Islands.5,6

On the basis of the available evidence, the 
public health response to the outbreak of Zika 
virus disease has moved forward, with the dis-
tribution of health messages about the impor-
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tance of mosquito-bite prevention, recommenda-
tions by public health authorities in some of the 
most severely affected countries to delay preg-
nancy, and advisories that pregnant women avoid 
travel to areas with active Zika virus transmis-
sion.7 However, communications regarding Zika 
virus have been challenging: a recent survey 
showed low levels of knowledge and concern 
about Zika virus in the United States.8 The rec-
ognition of Zika virus as a cause of microceph-
aly and other serious brain anomalies would al-
low for more direct communication, which 
might lead to improved understanding of and 
adherence to public health recommendations. 
Therefore, a review of the evidence linking Zika 
virus infection and adverse pregnancy and birth 
outcomes is needed.

As is typically the case in epidemiology and 
medicine, no “smoking gun” (a single definitive 
piece of evidence that confirms Zika virus as a 
cause of congenital defects) should have been 
anticipated. Instead, the determination of a 
causal relationship would be expected to emerge 
from various lines of evidence, each of which 
suggests, but does not on its own prove, that 
prenatal Zika virus infection can cause adverse 
outcomes. Two approaches have been used to 
identify potential teratogens (exposures to a 
mother during pregnancy that have a harmful 
effect on her embryo or fetus)9: first, the identi-
fication of a combination of a rare exposure and 
a rare defect (sometimes referred to as the astute 
clinician approach),10 and second, the use of 
epidemiologic data to confirm an association. 
Many teratogens were first identified by means 
of the rare exposure–rare defect approach, in-
cluding rubella virus, which was identified after 
an ophthalmologist noted a characteristic form 
of cataracts in infants whose mothers had ru-
bella during pregnancy,11 and heavy alcohol use, 
which was identified as a teratogen after the 
recognition of a characteristic pattern of malfor-
mations that became known as the fetal alcohol 
syndrome.12 In contrast, some teratogens have 
been identified on the basis of epidemiologic 
studies (e.g., valproic acid was identified as a 
teratogen after a case–control study showed an 
odds ratio of 20 for the association of spina bi-
fida with use of this drug during the first tri-
mester of pregnancy).13

Shepard’s Criteria

In 1994, Thomas Shepard, a pioneer in the field 
of teratology, proposed a set of seven criteria for 
“proof” of human teratogenicity (Table 1) that 
incorporated both approaches.9 These criteria 
were an amalgamation of criteria developed by 
other teratologists and guided by methods that 
were used to identify previous teratogens. These 
criteria have been used to guide discussions 
about causation in teratology-related litigation30 
and to assess other potential teratogens.10 We 
used Shepard’s criteria9 as a framework to evalu-
ate whether the currently available evidence sup-
ports the hypothesis that prenatal Zika virus 
infection is a cause of microcephaly and other 
brain anomalies (Table 1).

According to these criteria, causality is estab-
lished when either criteria 1, 3, and 4 (rare ex-
posure–rare defect approach) or criteria 1, 2, and 
3 (epidemiologic approach) are fulfilled. The 
first criterion states that a proven exposure to an 
agent must occur at a critical time during prena-
tal development. The severe microcephaly and 
other brain anomalies that have been observed 
in many infants are consistent with an infection 
occurring in the first or early second trimester 
of pregnancy. Several case reports and studies 
have shown that women who had fetuses or in-
fants with congenital brain anomalies that were 
believed, on the basis of the mother’s symptoms 
or laboratory confirmation, to be due to Zika 
virus infection were infected in the first or early 
second trimester of pregnancy, as determined 
either according to the timing of the symptoms 
or according to the timing of travel to an area 
where Zika virus is endemic.14-20 An analysis of 
the timing of laboratory-confirmed Zika virus 
transmission in certain states in Brazil and of 
the increase in the cases of microcephaly identi-
fied the first trimester as the critical time period 
for infection.1 Zika virus infections that occur 
later in pregnancy have been associated with 
poor intrauterine growth, fetal death, or in some 
pregnancies, defects on prenatal imaging that 
have not yet been confirmed postnatally because 
the pregnancies are ongoing.14 We conclude that 
Shepard’s first criterion has been met.

Shepard’s second criterion requires that two 
epidemiologic studies of high quality support 
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the association. Although ecologic data do not 
necessarily qualify as an epidemiologic study, 
data from Brazil regarding the temporal and 
geographic association between Zika virus infec-
tion and the later appearance of infants with 

congenital microcephaly are compelling.1,31,32 
Two epidemiologic studies also provide sup-
port.2,14 In a study conducted during the out-
break in Brazil, 88 pregnant women who had 
had an onset of rash in the previous 5 days were 

Criterion 
No. Criterion Evidence Criterion Met?

1 Proven exposure to the agent at one or 
more critical times during prenatal 
development

On the basis of case reports, case series, and epidemiologic studies of 
microcephaly that are associated with laboratory-confirmed or pre-
sumed Zika virus infection, the timing of Zika virus infection associ-
ated with severe microcephaly and intracranial calcifications appears 
to be in the late first or early second trimester.14-20

Yes

2 Consistent findings by ≥2 high-quality 
epidemiologic studies, with con-
trol of confounding factors, suffi-
cient numbers, exclusion of posi-
tive and negative bias factors, pro-
spective studies if possible, and 
relative risk ≥6

On the basis of data from Brazil, the temporal and geographic associa-
tion between Zika virus illness and cases of microcephaly is strong.1

Two epidemiologic studies have been published. In a study in Brazil14 
that used a prospective cohort design, 29% of women with Zika virus 
infection at any time during pregnancy had abnormalities on prenatal 
ultrasonography, some of which have not been confirmed postnatal-
ly, In a study in French Polynesia,2 retrospective identification of eight 
cases of microcephaly and the use of serologic and statistical data and 
mathematical modeling suggested that 1% of fetuses and infants 
born to women with Zika virus infection during the first trimester had 
microcephaly; the risk ratio in this analysis was approximately 50, as 
compared with the baseline prevalence of microcephaly.

No other epidemiologic studies have examined this association to date.

Partially

3 Careful delineation of clinical cases;  
a specific defect or syndrome,  
if present, is very helpful

The phenotype has been well characterized in fetuses and infants with 
presumed congenital Zika virus infection, including microcephaly and 
other serious brain anomalies, redundant scalp skin, eye findings, ar-
throgryposis, and clubfoot.15,20-23

The phenotype in some infants appears to be consistent with the fetal 
brain disruption sequence,20,22 which has been observed after infec-
tion with other viral teratogens.24

Yes

4 Rare environmental exposure that  
is associated with rare defect

Reports of fetuses and infants with microcephaly who are born to women 
with brief periods of travel to countries with active Zika virus trans-
mission are consistent with Zika virus being a rare exposure.16,18,19

The defect, congenital microcephaly, is rare, with a birth prevalence of 
approximately 6 cases per 10,000 liveborn infants, according to data 
from birth-defects surveillance systems in the United States.25

Yes

5 Teratogenicity in experimental animals 
important but not essential

No results of an animal model with Zika virus infection during pregnancy 
and fetal effects have yet been published.

No

6 Association should make biologic 
sense

Findings are similar to those seen after prenatal infection with some other 
viral teratogens (e.g., cytomegalovirus, rubella virus).26

Animal models have shown that Zika virus is neurotropic,27,28 which sup-
ports biologic plausibility.

Evidence that Zika virus infects neural progenitor cells and produces cell 
death and abnormal growth,29 along with evidence of Zika virus in 
brains of fetuses and infants with microcephaly, on the basis of im-
munohistochemical staining and identification of Zika virus RNA and 
live virus,16,17,19 provides strong biologic plausibility.

Yes

7 Proof in an experimental system that 
the agent acts in an unaltered state

This criterion applies to a medication or chemical exposure, not to infec-
tious agents.

NA

*  The criteria listed here were proposed by Shepard.9 Criteria 1, 2, and 3 or criteria 1, 3, and 4 are considered to be essential, whereas criteria 
5, 6, and 7 are helpful but not essential. Partial evidence is insufficient to meet a criterion. NA denotes not applicable.

Table 1. Shepard’s Criteria for Proof of Teratogenicity in Humans as Applied to the Relationship between Zika Virus Infection and Microcephaly 
and Other Brain Anomalies.*

The New England Journal of Medicine 
Downloaded from nejm.org on June 6, 2016. For personal use only. No other uses without permission. 

 Copyright © 2016 Massachusetts Medical Society. All rights reserved. 

B-396

  Case: 16-15360, 06/07/2016, ID: 10005906, DktEntry: 86-2, Page 444 of 461
(489 of 506)



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 374;20 nejm.org May 19, 20161984

tested for Zika virus RNA. Among the 72 women 
who had positive tests, 42 underwent prenatal 
ultrasonography, and fetal abnormalities were 
observed in 12 (29%); none of the 16 women 
with negative tests had fetal abnormalities. The 
abnormalities that were observed on ultrasonog-
raphy varied widely, and some findings lacked 
postnatal confirmation because the pregnancies 
were ongoing.14

A retrospective analysis after the 2013–2014 
outbreak of Zika virus disease in French Polyne-
sia identified eight cases of microcephaly; the 
authors used serologic and statistical data and 
mathematical modeling to estimate that 1% of 
the fetuses and neonates who were born to 
mothers who had been infected with Zika virus 
in the first trimester had microcephaly2 — a 
prevalence that was approximately 50 times as 
high as the estimated baseline prevalence. How-
ever, this estimate was based on small numbers, 
confidence intervals were wide, and the risk of 
other adverse outcomes (e.g., other brain anom-
alies) was not assessed.2 Although these studies 
provide important evidence in support of a causal 
relationship between Zika virus and microceph-
aly and other brain anomalies, both have limita-
tions as noted by their authors, such as a lack of 
control for confounding factors and relatively 
small numbers of cases, and therefore they do 
not meet the stringent criteria set by Shepard. 
Thus, we conclude that Shepard’s second crite-
rion has not yet been satisfied.

The third criterion, careful delineation of 
clinical cases with the finding of a specific de-
fect or syndrome, appears to be met. Previous 
teratogens have caused specific birth defects or 
syndromes rather than a broad range of birth 
defects.33 Many fetuses and infants with pre-
sumed congenital Zika virus infection have had 
a typical pattern, including severe microcephaly, 
intracranial calcifications, and other brain anom-
alies, sometimes accompanied by eye findings, 
redundant scalp skin, arthrogryposis, and club-
foot15,20-23; such findings have led authors to use 
the term “congenital Zika syndrome.”22,34,35 On 
the basis of clinical details from a limited num-
ber of cases, some infants with presumed con-
genital Zika virus infection have had features 
that were consistent with fetal brain disruption 
sequence,24 a phenotype involving the brain that 
is characterized by severe microcephaly, overlap-
ping cranial sutures, prominent occipital bone, 
redundant scalp skin, and considerable neuro-

logic impairment.20,22 For example, 11 of 35 in-
fants (31%) with microcephaly whose cases were 
reported to a Brazil Ministry of Health registry 
had excessive and redundant scalp skin,20 a find-
ing that is not typically seen in other forms of 
microcephaly.36 These findings suggest an inter-
ruption of cerebral growth, but not in that of the 
scalp skin, after an injury (e.g., viral infection, 
hyperthermia, or vascular disruption) that oc-
curred after the initial formation of brain 
structures, followed by partial collapse of the 
skull. The fetal brain disruption sequence is 
rare; only 20 cases were identified in a litera-
ture review in 2001.24

Shepard’s fourth criterion refers to the asso-
ciation between a rare exposure and a rare de-
fect; we conclude that this criterion also has 
been met. The concept behind this criterion is 
that a rare defect occurring after a rare exposure 
during pregnancy implies causation because of 
the unlikelihood of the two rare events occur-
ring together.10 Microcephaly is a rare defect that 
is estimated to occur in 6 infants per 10,000 
liveborn infants in the United States.25 Zika virus 
would not be a rare exposure among women liv-
ing in Brazil during the Zika virus outbreak. 
However, reports of adverse birth outcomes 
among travelers who spent only a limited time 
period in an area where there is active Zika virus 
transmission are consistent with Zika virus be-
ing a rare exposure.16,18,19

A recent report is illustrative: a pregnant 
woman traveled for 7 days to Mexico, Guate-
mala, and Belize during her 11th week of gesta-
tion and had a positive test for Zika virus im-
munoglobulin M (IgM) antibodies 4 weeks later. 
On fetal ultrasonography and magnetic reso-
nance imaging performed at 19 to 20 weeks of 
gestation, severe brain anomalies were diagnosed 
in the fetus, and the pregnancy was terminated 
at 21 weeks of gestation. Microcephaly was not 
present at the time of pregnancy termination, 
but the head circumference had decreased from 
the 47th percentile at 16 weeks of gestation to the 
24th percentile at 20 weeks of gestation (a finding 
that is consistent with the timing of diminishing 
head sizes in previous cases),14 which suggests 
that microcephaly would have developed in the 
fetus had the pregnancy continued.16 In this 
woman, Zika virus would be considered a rare 
exposure, and her fetus had a rare outcome.

The last three criteria are helpful if they are 
present, but they are not considered to be es-
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sential. The fifth criterion, the need for an ani-
mal model that shows teratogenicity, has not 
been met. Although animal models have shown 
that Zika virus is neurotropic,27,28 no studies that 
tested for teratogenicity in an animal model 
have been published, although studies are under 
way. The sixth criterion, that the association 
should make biologic sense, is clearly met here. 
Other viral infections have had similar effects 
(microcephaly and eye problems).24,26 In addition, 
pathologic evidence supports this association: 
Zika virus RNA has been seen in damaged 
mononuclear cells (presumably glial cells and 
neurons) in the brains of newborns with micro-
cephaly,17 and the virus appears to be neuro-
tropic.17,19 Live Zika virus has been cultured from 
the brain of a fetus with severe brain anomalies 
after maternal infection at 11 weeks of gesta-
tion.16 Furthermore, Zika virus efficiently infects 
neural progenitor cells and produces cell death 
and abnormal growth, thus providing a possible 
mechanism for microcephaly.29 The seventh cri-
terion, proof in an experimental system that the 
agent acts in an unaltered state, is aimed at 
medications or chemical exposures and does not 
apply to infectious agents. Thus, given Shepard’s 
criteria as a framework, criteria 1, 3, and 4 have 
been satisfied — evidence that is considered suf-
ficient to identify an agent as a teratogen.

Other Criteria

Other criteria can also be used to assess this 
relationship. Koch’s postulates, developed in the 
late 19th century, are often cited as necessary to 
show causation in infectious disease; however, 
many authors have noted the need for Koch’s 
postulates to be updated to accommodate mod-
ern technologies.37-39 The Bradford Hill criteria40 
provide another framework to assess causation; 
Frank et al. recently used these criteria to assess 
the relationship between prenatal Zika virus in-
fection and microcephaly and concluded that 
additional information was needed to assume 
that the relationship was causal.41 However, sev-
eral key pieces of evidence have become available 
since they performed their analysis, including 
two epidemiologic studies,2,14 a study of the ef-
fects of Zika virus on neural progenitor cells,29 
and a case report of a fetus with brain anomalies 
and decreasing head size from whose brain live 
Zika virus was isolated.16 On the basis of our 
update of their analysis, which incorporates 

newly available evidence (Table 2), nearly all the 
relevant criteria have been met, with the excep-
tion of the presence of experimental evidence. 
However, Hill emphasizes that meeting all nine 
criteria is not necessary40; instead, the criteria 
should serve as a framework to assess when the 
most likely interpretation of a relationship is 
causation.

Assessment of Criteria

Thus, on the basis of a review of the available 
evidence, using both criteria that are specific for 
the evaluation of potential teratogens9 and the 
Bradford Hill criteria40 as frameworks, we sug-
gest that sufficient evidence has accumulated to 
infer a causal relationship between prenatal Zika 
virus infection and microcephaly and other se-
vere brain anomalies. Also supportive of a causal 
relationship is the absence of an alternative ex-
planation; despite the extensive consideration of 
possible causes, researchers have been unable 
to identify alternative hypotheses that could ex-
plain the increase in cases of microcephaly that 
were observed first in Brazil and then retro-
spectively in French Polynesia, and now in pre-
liminary reports that are being investigated in 
Colombia.1,2,42

Moving from a hypothesis that Zika virus is 
linked to certain adverse outcomes to a state-
ment that Zika virus is a cause of certain adverse 
outcomes allows for direct communications re-
garding risk, both in clinical care settings and 
in public health guidance, and an intensified 
focus on prevention efforts, such as the imple-
mentation of vector control, the identification of 
improved diagnostic methods, and the develop-
ment of a Zika virus vaccine.44 In addition, after 
recognizing a causal relationship between Zika 
virus infection and adverse pregnancy and birth 
outcomes, we can focus research efforts on 
other critical issues: First, understanding the 
full spectrum of defects caused by congenital 
Zika virus infection; if Zika virus is similar to 
other teratogens, an expansion of the phenotype 
would be expected (e.g., with the congenital ru-
bella syndrome, the phenotype was expanded 
from cataracts to include other findings such as 
hearing loss, congenital heart defects, and micro-
cephaly).11 Second, quantifying the relative and 
absolute risks among infants who are born to 
women who were infected at different times dur-
ing pregnancy. Third, identifying factors that 
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modify the risk of an adverse pregnancy or birth 
outcome (e.g., coinfection with another virus, 
preexisting immune response to another f lavi-
virus, genetic background of the mother or fetus, 
and severity of infection). Addressing these is-
sues will improve our efforts to minimize the 
burden of the effects of Zika virus infection dur-
ing pregnancy.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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Criterion Evidence
Criterion 

Met?

Strength of 
 association

A recent epidemiologic study from French Polynesia suggests a strong association 
between prenatal Zika virus infection and microcephaly (estimated risk ratio, ap-
proximately 50).2

The substantial increase in the number of cases of microcephaly and other brain 
anomalies that have been associated with the Zika virus outbreak in Brazil sug-
gests a strong association.1,2

Yes

Consistency Two epidemiologic studies, one from Brazil and one from French Polynesia,2,14 sup-
port the association between prenatal Zika virus infection and microcephaly and 
other serious brain anomalies.

The observed increase in the number of cases of microcephaly after outbreaks of Zika 
virus infection in Brazil and French Polynesia, as well as preliminary reports of 
cases in Colombia, support consistency.1,2,42

Case reports of Zika virus infection in fetuses or infants with microcephaly or other 
brain anomalies who were born to mothers who traveled to areas of active Zika 
 virus transmission support consistency.16,18,19

Yes

Specificity Other causes of microcephaly exist; however, on the basis of clinical descriptions that 
are available for a small number of infants with presumed congenital Zika virus in-
fection,20 the clinical phenotype linked to the Zika virus appears to be an unusual 
form of microcephaly that is consistent with the fetal brain disruption sequence.

Yes

Temporality Zika virus infection in mothers during pregnancy precedes the finding of microcephaly 
or other brain anomalies in fetuses or infants.14-20

Zika virus outbreaks in Brazil and French Polynesia preceded the increase in the num-
ber of cases of microcephaly.1,2

Yes

Biologic gradient Infection is a phenomenon that is either present or absent; there is no dose– response 
relationship.

No data are available regarding whether women with an increased viral load have a 
higher risk of adverse pregnancy or birth outcomes.

NA

Plausibility Findings are similar to those seen after prenatal infection with some other viral terato-
gens (e.g., cytomegalovirus and rubella virus).26

Evidence that Zika virus infects neural progenitor cells and produces cell death and ab-
normal growth,29 along with evidence of Zika virus in brains of fetuses and infants 
with microcephaly, on the basis of on immunohistochemical staining and identifica-
tion of Zika virus RNA and live virus,16,17,19 provides strong biologic plausibility.

Yes

Coherence No results in an animal model of effects of Zika virus on pregnancy have yet been 
published, but animal models have shown that Zika virus is neurotropic,27,28  
a finding that is consistent with prenatal Zika virus infection causing microcephaly 
and other brain anomalies.

Zika virus infects neural progenitor cells and produces cell death and abnormal 
growth,29 a finding that is consistent with a causal relationship between Zika virus 
infection and microcephaly.

Yes

Experiment No experimental animal model of Zika virus teratogenicity is available. No

Analogy No other flavivirus has been shown to definitively cause birth defects in humans,4 but 
flaviviruses, Wesselsbron and Japanese encephalitis viruses, have been shown to 
cause stillbirth and brain anomalies in animals.43

Findings are similar to those seen after prenatal infection with other viral teratogens 
(e.g., cytomegalovirus, rubella virus).26

Yes

*  The criteria listed here were proposed by Hill.40 We have updated a recent analysis by Frank et al.41

Table 2. Bradford Hill Criteria for Evidence of Causation as Applied to the Relationship between Zika Virus Infection  
and Microcephaly and Other Brain Anomalies*
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Rethinking schizophrenia
Thomas R. Insel1

Howwillweview schizophrenia in 2030? Schizophrenia today is a chronic, frequently disablingmental disorder that affects
about one per cent of the world’s population. After a century of studying schizophrenia, the cause of the disorder remains
unknown. Treatments, especially pharmacological treatments, have been in wide use for nearly half a century, yet there is
little evidence that these treatments have substantially improved outcomes for most people with schizophrenia. These
current unsatisfactory outcomes may change as we approach schizophrenia as a neurodevelopmental disorder with
psychosis as a late, potentially preventable stage of the illness. This ‘rethinking’ of schizophrenia as a neurodevelopmental
disorder, which is profoundly different from the way we have seen this illness for the past century, yields new hope for
prevention and cure over the next two decades.

T he challenge of creating a vision of
schizophrenia for 2030, which I attempt
here, is a difficult one. There is certainly

a risk in predicting scientific progress—the
most important discoveries will probably be
ones we cannot imagine today. But it is equally true that we can use past
experience and the present state of knowledge to predict some aspects of
the future. For schizophrenia, our knowledge base in 2010 is mostly
based on clinical observation.
Schizophrenia is a syndrome: a collection of signs and symptoms of

unknown aetiology, predominantly definedby observed signs of psychosis.
In itsmost common form, schizophrenia presents with paranoid delusions
andauditoryhallucinations late in adolescenceor in early adulthood.These
manifestations of the disorder have changed little over the past century.
A century agowe had large public institutions for seriousmental illness,

tuberculosis and leprosy. Of these three, today only mental illness, espe-
cially schizophrenia, remains unchanged in prevalence and disability1.
Sustained recovery occurs in less than 14% within the first five years

following a psychotic episode2. Longer-term outcomesmay bemarginally
better: a large international 25-year follow-up study reported an addi-
tional 16% with late-phase recovery3. Throughout Europe, less than
20% of people with schizophrenia are employed4. A large US study found
nearly 20% homeless in a one-year follow up5. And a recent report from a
patient advocacy group reported that in the US those with serious mental
illness were three times more likely to be found in the criminal justice
system than in hospitals. (http://www.treatmentadvocacycenter.org)
Although many have attributed this lack of progress to failed systems

of care (http://www.mentalhealthcommission.gov/), we still do not have
a basic understanding of the pathophysiology of the disorder and there-
fore lack the tools for curative treatment or prevention needed for most
people with schizophrenia. If we are to transform outcomes by 2030, we
can start by offering individuals and families challenged by serious
mental illness a candid account of the current state of knowledge and
a thoughtful consideration of future prospects.

One-hundred years of schizophrenia
The history of schizophrenia says more inmany ways about the perspec-
tives of the observer than the observed. In the late nineteenth century,
Kraepelin defined ‘‘dementia praecox’’ or premature dementia as distinct
from the insanity of tertiary syphilis or the cyclic, non-deteriorating
psychosis of manic depressive illness6. Bleuler, who coined the term
schizophrenia in the early twentieth century, was less convinced of its

deteriorating course but emphasized the notion
of a fundamental disorder of thought and feel-
ing,which everypsychiatrist for decades learned
as the four ‘a’s—disturbances of associations,
affect, ambivalence and autistic isolation7.

These early formulations emerging before the split between neurology
and psychiatry were consistent with the notion of a mental disorder
rooted in brain pathology. Yet for much of the twentieth century, with
the predominance of psychoanalytic theory, the study of the mind
ignored the brain. Schizophrenia was a psychotic reaction, a fragmented
ego due to a rejecting or ambivalent mother and treatments included re-
mothering to build a stable ego8.
In the second half of the twentieth century, with the emergence of

neuroleptic drugs, the pendulum swung in the other direction—a focus
on brain chemistry deemphasized the mind. Schizophrenia was con-
sidered a ‘dopamine disorder’ based on the psychosis-inducing effects of
dopamine-releasing drugs, such as amphetamine, and the anti-psychotic
efficacy of a score of drugs that blocked the dopamine D2 receptor9. This
neurochemical view of schizophrenia yielded medications that trans-
formed the treatment of psychosis, allowing patients to be treated outside
of hospitals and, in some cases, resulting in remission of the major
symptoms of the illness. Early neuroleptic medications, examples of
which are chlorpromazine and haloperidol, have been increasingly
replaced by ‘atypical’ antipsychotics that have fewer extrapyramidal side
effects (such as tremor and rigidity) but usually do not seem to be sig-
nificantly more efficacious than the original dopamine D2 receptor
antagonists10. Although both conventional and atypical antipsychotics
reliably reduce delusions and hallucinations, they have not enhanced
functional recovery (for example, employment) for people with schizo-
phrenia. One explanation is that the disability of schizophrenia is largely
due to cognitive deficits, such as problems with attention and working
memory, which these drugs fail to improve.
A focus on cognitive symptoms has led to amore recent hypothesis of

schizophrenia as a ‘glutamate disorder’ (reviewed in ref. 11) Healthy
volunteers given low doses of NMDA receptor antagonists, such as
ketamine, manifest select aspects of schizophrenia, including some of
the attentional andmemory problems. Conversely, agents thatmodulate
the glycine modulatory site on the NMDA receptor have been reported
to reduce some of the cognitive symptoms of schizophrenia. The theory
is that schizophrenia, particularly the cognitive symptoms of the dis-
order, may result from low activity of the NMDA receptor on GABA
inhibitory interneurons in the prefrontal cortex.
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Although there can be little argument that medications have trans-
formed the treatment of psychosis, research focusing on the drugs
instead of the illness has thus far yielded too little progress on the
pathophysiology of schizophrenia. It is not clear, for instance, that either
dopamine D2 receptors or interneuron NMDA receptors are related to
the cause of this disorder. Although post-mortem studies have con-
sistently reported a loss of GABA and reductions in key enzymes for
glutamate biosynthesis, potentially consistent with the glutamate hypo-
thesis, these changes may represent the effects of chronic illness or
treatment of the disorder rather than the cause of schizophrenia11.
One approach that could separate cause from effect is genetics. Just as

neuropharmacologydominated schizophrenia research in the late twentieth
century, genetics has been a leading focus in the first decade of this century.
Although in the ‘genomic era’ such a shift was inevitable, it was also pre-
saged by a generation of twin and family studies demonstrating high
heritability12,13. Reported concordance in monozygotic twins was roughly
50%, never the 100% figure onemight expect for aMendelian disorder, but
considerably higher than dizygotic twins or siblings14.
Highheritabilityhas not, however, translated into a satisfying search for

genetic lesions. Although early genome-wide or candidate-gene studies
searching for common variants associated with schizophrenia were
mostly disappointing, either because early findings failed to replicate or
large-scale studies failed to detect genome-wide significance, recent inter-
national consortia combining single nucleotide polymorphism (SNP)
data from several independent studies have found replicable associations
with genes of the major histocompatability complex (MHC) region on
chromosome6p21.3-22.1,ZNF804Aon chromosomes 2q32.1, neuregulin
1 (NRG1) on chromosome 8, as well as transcription factor 4 (TCF4) on
18q21.2 (refs 15–17).Other studies have reported SNPs in candidate genes
associated either with schizophrenia or a broad phenotype of psychosis,
notably for genes within the neuregulin–ERBB4 signalling pathway18,
synaptic protein genes (for example, NRX1 (also known as PNO1))19, a
potassium channel (KCNH2)20 and many other brain-expressed proteins
(for example, dysbindin)21. Currently, at least 43 candidate genes have
been identified, but individual effect sizes are consistently modest (http://
www.schizophreniaforum.org/res/sczgene/TopResults.asp), especially rela-
tive to the evidence for high heritability22,23. Epistatic or additive effects of
these variants may explain more of the risk, but results thus far on
individual variants from case–control studies have not been useful for
understanding an individual’s risk for schizophrenia.
In addition to the many reports of common single nucleotide varia-

tions, many rare structural genomic variants, such as copy number var-
iants and translocations, have been described in schizophrenia (reviewed
in ref. 24). These rare variants seem to have larger causative effects than
previously reported SNPs, butmost are not specific to schizophrenia and
some occur only in a single family. The diversity and private nature of
thesemutations preclude a simple genetic explanation for schizophrenia,
but these findings may yield important clues to pathophysiology. For
instance, although the DISC1 translocation that confers very high risk
for psychiatric disorder has been detected in only a single Scottish family,
this private mutation has revealed important mechanisms of disease and
identified a site where common variation may also confer risk (reviewed
in ref. 25). Evenmore encouraging, the consistent reports that somany of
these structural variants affect genes implicated in brain development
may predict the future of schizophrenia research.

Mapping the pathophysiology of schizophrenia
A starting point for mapping the pathophysiology of schizophrenia can
begin with the increasing recognition that this is a neurodevelopmental
disorder, or perhaps more accurately a collection of neurodevelopmental
disorders that involve alterations in brain circuits. Although Feinberg26,
Weinberger27 andMurray28 proposed this approachmore than twodecades
ago, the field is only now providing the evidence and recognizing the
implications of shifting to a neurodevelopmental approach29,30.
Psychosis nearly always emerges in late adolescence or early adult-

hood, with a peak between ages 18 and 25, when the prefrontal cortex is

still developing. We still do not understand all of the changes in normal
or abnormal cortical development during this period. Attempts to map
functional connectivity defined by imaging the default network demon-
strate little integration until after age nine31. Longitudinal neuroimaging
studies demonstrate changes in greymatter density until themid-twenties
with the prefrontal cortex being the last to mature32. The cellular basis for
the observed reduction in grey-matter density with magnetic resonance
imaging (MRI) is not clear although classical anatomical post-mortem
studies indicate that both synaptic elimination and increasedmyelination
continue into early adulthood33,34. Whereas the literature from human
post-mortem neuroanatomy of adolescence is scant, studies in non-
human primate brain demonstrate that the refinement of circuits during
early adulthood includes pruning of asymmetric (excitatory) synapses,
proliferation of inhibitory circuits and the continued elaboration of
pyramidal dendrites as targets of inhibitory input35–37. Together these
observations indicate that this late stage of brain maturation involves a
careful calibration of excitatory–inhibitory balance in the cortexwith the
prefrontal cortex the last region to mature (Fig. 1). As one potentially
relevant modulator of this balance, dopamine innervation of the pre-
frontal cortex increases markedly during adolescence38,39.
Although schizophrenic psychosis usually emerges between ages 18–25,

several longitudinal population-based studies indicate that problems are
evidentmuch earlier. For instance, a recent report froma 45-year followup
of aCopenhagenbirth cohort demonstrated that adultswith schizophrenia
have a history of delayed maturation including delayed developmental
milestones in the first year40. Data from the Dunedin birth cohort, consist-
ent with many previous studies41, indicated that IQ is reduced early and
persistently in children destined to develop schizophrenia42. These precur-
sors of schizophrenia are subtle andnon-specific, but the consistencyof the
finding supports the hypothesis that psychosis does not emerge from a
completely healthy brain.
The emerging picture from genetic studies also indicates that early

brain development is affected. As noted earlier, many of the structural
variants associated with schizophrenia implicate neurodevelopmental
genes involved with neuronal proliferation, migration, or synapse
formation43. Even genes that are not exclusively developmental seem
to influence schizophrenia by their early disruption44. In a particularly
intriguing example, Niwa et al.45 reported that a transient knockdown of
DISC1 in the frontal cortex in the pre- and perinatal mouse brain led to
neurochemical and behavioural disruptions emerging in early adult-
hood. Moreover, some of the vulnerability alleles of candidate genes,
such as NRG1 and DISC1, seem to selectively influence splice variants
expressed predominantly in developing cortex, implicating isoforms
that show large developmental changes in expression in the prefrontal
cortex46–48. As a final link to development, the genetics of schizophrenia
overlaps with the genetics of autism and other neurodevelopmental
disorders19,49. It is unclear why the same genetic variation associated with
many different neurodevelopmental syndromes ismanifested in some by
age 3 years (autism) and in others after age 18 years (schizophrenia).
Presumably there are genomic modifiers or possibly environmental
influences that determine the specific syndrome. The study of discordant
twins may yield important information for understanding the mis-
matches between genotype and phenotype.
Environmental factors identified so far have also implicated prenatal

or perinatal events. Maternal malnutrition during famine50,51, infections
in the second trimester52, perinatal injury53 and cytokine exposure54 have
all been associated with subsequent increased risk for schizophrenia.
Most of these effects are modest (less that twofold increase in risk)
and none seem specific for schizophrenia, but in aggregate they demon-
strate that early adverse experiences, including mid-gestational insults,
are a risk factor for psychosis occurring two decades later. Gene-by-
environment studies may demonstrate more robust effects55, but an
even more promising approach may be epigenetic maps indicating the
‘scars’ of early experience or the stochastic changes emerging across
development56. As an example, a gene disrupted by a rare copy number
variant in autism was found to be repressed by hypermethylation in a
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large number of children with autism who had a perfectly normal geno-
mic sequence57.
The model that emerges from this neurodevelopmental perspective is

that of an early insult, a latent period throughmuchof neural development,
and the emergenceof psychosis in late adolescence or early adulthood.One
possibility is a lesion early in development that does not manifest until a
much later developmental stage when compensatory changes can no
longer suffice. Thompson and Levitt58 have called this developmental
allostasis. A second, notmutually exclusive possibility is that the develop-
mental lesion influences a pathway or a regulatory process, such as the
fine tuning of excitatory and inhibitory synapses in the prefrontal cortex,
which may have only subtle effects until a precise balance is required in
late adolescence. Current data cannot distinguish between these two
options, but either way a neurodevelopmental perspective implies the
importance of timing and the opportunity for earlier intervention and
prevention.
How will we map the trajectory of schizophrenia as a neurodevelop-

mental disease? Recent longitudinal studies of children with a rare,
early-onset form of schizophrenia have used neuroimaging to identify
differences in the trajectory of brain development. In these studies,
children with schizophrenia seem to undergo excessive losses of grey
matter and cortical thinning, essentially overshooting the normal pattern
described earlier for adolescents59,60. These findings, although intriguing,
are limited in that they do not reveal the changes before psychosis.

An opportunity for mapping earlier phases of the trajectory can be
found in velocardiofacial syndrome, a syndrome associatedwith amicro-
deletion of chromosome 22q11 (reviewed in ref. 61). Approximately 30%
of children with a microdeletion of 22q11 will develop a form of schizo-
phrenia that clinically and neurocognitively cannot be distinguished
from the idiopathic disorder62,63. Most of these children are detected as
toddlers because of their cardiac disease. Important insights into the
trajectory from risk to disordermay be gained fromongoing longitudinal
studies of these children comparing cognitive, affective and neural
development in those who do and do not develop psychosis among this
cohort with a similar genomic deletion.
Will animal studies reveal the neurodevelopmental trajectory of schizo-

phrenia? Unlike the many disorders in medicine that can be modelled in
mice or flies, an animal model of schizophrenia seems unlikely. Indeed,
aspects of the prefrontal neuroanatomyand the executive function deficits
of schizophrenia seem to be distinctively human. This is not to say that
studies in animals, especially non-human primates, will be unimportant
for schizophrenia. We lack fundamental information on the normal
development of the forebrain, from the timing and geography of gene
expression to the patterns of circuit formation under various environ-
mental conditions.With current technology, these critical developmental
mapswill only be derived from studies in animals. Animal studies can also
aid the study of abnormal development. Whereas animal models of
schizophrenia are not likely, ‘model animals’ such as mice and flies
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Figure 1 | Neurodevelopmental model of schizophrenia. a, Normal cortical
development involves proliferation,migration, arborization (circuit formation)
andmyelination, with the first two processes occurring mostly during prenatal
life and the latter two continuing through the first two post-natal decades. The
combined effects of pruning of the neuronal arbor and myelin deposition are
thought to account for the progressive reduction of grey-matter volume
observed with longitudinal neuroimaging. Beneath this observed overall
reduction, local changes are far more complex. Data from human and non-
human primate brain indicate increases in inhibitory and decreases in
excitatory synaptic strength occurring in prefrontal cortex throughout

adolescence and early adulthood, during the period of prodrome and
emergence of psychosis. b, The trajectory in children developing schizophrenia
could include reduced elaboration of inhibitory pathways and excessive
pruning of excitatory pathways leading to altered excitatory–inhibitory balance
in the prefrontal cortex. Reduced myelination would alter connectivity.
Although some data support each of these possible neurodevelopmental
mechanisms for schizophrenia, none has been proven to cause the syndrome.
Detection of prodromal neurodevelopmental changes could permit early
intervention with potential prevention or preemption of psychosis.
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engineeredwith schizophrenia candidate genes will be highly informative
for linking genetic variation to changes in cell and circuit function. For
instance, mice with homologous deletions to the 22q11 lesion of velo-
cardiofacial syndrome manifest differences in circuit formation and syn-
aptic plasticity64,65. Such model animals will not only yield studies of
disease mechanisms but opportunities for new treatment development.
Increasingly, however, it seems thathumansmayprove thebest animal

for modelling schizophrenia. Just as genes can create relevant models in
non-human animals, genes can serve as a portal to mapping the patho-
physiologyof schizophrenia in cells frompatientswith thedisorder.With
induced pluripotent stem cells derived from fibroblasts of patients with
schizophrenia, we should soon be able to studymany different neural cell
types, including their development, functional connections and response
to perturbations. These cells donot need to recreate the disorder in a dish;
they need only yield disordered molecular networks to reveal targets for
developing new therapies. Through identifying new targets and high-
throughput screening of existing small molecule libraries, we can expect
the next generation of treatments for schizophrenia to be based on
molecular pathophysiology rather than serendipity.

The stages of schizophrenia
Perhaps the most fundamental change from re-conceptualizing schizo-
phrenia as a neurodevelopmental disorder is the notion of trajectory of
illness. If the disorder begins in prenatal or perinatal life, then the
psychosis of late adolescence must be seen not as the onset but as a late
stage of the disorder. Indeed, we can begin to hypothesize four stages of
schizophrenia, from risk to prodrome to psychosis to chronic disability66

(Table 1). At present, the diagnosis is based on the symptoms and signs
of psychosis. With the advent of biomarkers and new cognitive tools as
well as the identification of subtle clinical features, we are beginning to
detect earlier stages of risk and prodrome.67

The earliest stage is risk, before detectable deficits. In 2010 we do not
have the risk architecture of this syndrome, but we can begin to see some
of the outlines, based on genomics. Beyond the rare, highly penetrant
mutations (for example, DISC1 and the 22q11 deletion), epistatic inter-
actions between more common, less penetrant variations may yield
higher predictions of risk than our current list. Of course, the 50%
concordance rate of homozygous twins reminds us that genomics will
not predict all forms of risk. Identifying environmental factors, detecting
critical epigenomic modifications, or mapping neural circuit differences
may render more of the blueprint for risk, much as the algorithms for
coronary artery disease use family history, plasma lipids and dietary
history. The extent to which the risk factors for schizophrenia will be
modifiable in the sense that we can reduce the risk for coronary artery
disease or lung cancer remains to be seen. And although this earliest
stage may not involve distress or help-seeking, longitudinal studies have
begun to identify subtle but reproducible evidence for behavioural and
cognitive problems in early childhood68–70. To define this earliest stage
we will need to define the full architecture of individual risk: genetic and
epigenetic biomarkers, cognitive indicators and physiological predictors
of vulnerability to the disorder.

Over the past two decades, the pioneering work of McGorry and his
colleagues71,72 has established the prodrome of schizophrenia as a valid
second stage of the illness before psychosis. Whether defined as ultra-
high risk or pre-psychosis, the prodrome is now identified based on
changes in thoughts (for example, bizarre ideas falling short of psychotic
ideation), social isolation and impaired functioning (for example,
reduced school performance). Recognizing that these features might
seem endemic to adolescence, the Structured Interview for Prodromal
Syndromes (SIPS) was developed to distinguish high risk for psychosis
from more common adolescent angst73. Recently a large multi-site
project in the United States of 291 adolescents followed for 2.5 years
reported that the prodrome represented a 405-fold increase in risk (rela-
tive to the general population) and that a combination of three factors
(for example, genetic risk with recent functional decline, unusual
thought content, and either suspicion/paranoia or reduced social func-
tioning) resulted in a positive predictive power for conversion topsychosis
of 74–81% (ref. 74). The addition of biomarkers, detected with functional
or structural neuroimaging (reviewed in ref. 75), or the use of neuropsy-
chological tests of reaction time or verbalmemory76,77may enhance detec-
tion and increase the predictive power. Given the high rate of behavioural
distress in adolescence and the likelihood that many with prodromal
symptoms will either mature out of them or develop other disorders,
the challenge is to increase sensitivity for detecting ultra-high risk while
not sacrificing specificity78. Specificity is a challenge: many of those who
seek help for prodromal symptoms will develop other forms of psycho-
pathology, not schizophrenia. What will we need to define this stage of
schizophrenia? Although standardized clinical assessments will help and
longitudinal imaging may yield biomarkers, it is likely that cognitive
changes, suchas reductions inworkingmemory,maybe the best predictor
of the psychotic phase of schizophrenia79. Over the next few years, cog-
nitive neuroscience will have a critical role in providing the tools for
increasing the sensitivity and specificity of the schizophrenic prodrome80.
It is unclear towhat extent intervening during the prodromewill either

prevent or forestall psychosis. Results from single-site trials of atypical
antipsychotics81, antidepressants82, lithium83 and cognitive behaviour
therapy84 have had, at best, modest effects in reducing symptoms or
preventing conversion to psychosis. A recent randomized double-blind
placebo-controlled 12-week trial of long-chain omega-3 polyunsaturated
fatty acids reported a 12-month conversion to psychosis in 2 of 41 (4.9%)
individuals in the treated group versus 11 of 40 (27.5%) individuals in the
placebo group85. Although promising, the overall rate of conversion (13
of 81) is lower than that observed in most prodromal cohorts. Current
efforts to use cognitive remediationmay identify a low-risk approach that
could be used even if specificitywere low86. An innovative, broad effort on
youthmental health inAustralia is addressing the issues of false positives,
low specificity and potential stigma from early diagnosis by developing
community-based, resilience-based interventions66.
Stage III of schizophrenia is psychosis manifested by hallucinations,

delusions, disorganization of thought and behaviour, and psychomotor
abnormalities. It is now clear that negative symptoms (loss of will,
anhedonia, poverty of thought) and cognitive deficits (reduced working

Table 1 | Stages of schizophrenia
Stage I Stage II Stage III Stage IV

Features Genetic vulnerability
Environmental exposure

Cognitive, behavioural and social deficits
Help-seeking

Abnormal thought and behaviour
Relapsing–remitting course

Loss of function
Medical complications
Incarceration

Diagnosis Genetic sequence
Family history

SIPS
Cognitive assessment
Imaging

Clinical interview
Loss of insight

Clinical interview
Loss of function

Disability None/mild cognitive deficit Change in school and social function Acute loss of function
Acute family distress

Chronic disability
Unemployment
Homelessness

Intervention Unknown Cognitive training?
Polyunsaturated fatty acids?
Family support?

Medication
Psychosocial interventions

Medication
Psychosocial interventions
Rehabilitation services

Stage I, pre-symptomatic risk; stage II, pre-psychotic prodrome; stage III, acute psychosis; stage IV, chronic illness.
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memory, poor cognitive control) are core features of the disorder that
account for much of the long-term morbidity and poor functional
outcomes87. Although the avolitional component of the disorder may
define a special subgroup88, there is a new consensus that the negative
symptoms and cognitive aspects of pathology are major unmet thera-
peutic needs89,90. If risk is analogous to hyperlipidemia, prodrome com-
parable to angina, then psychosis can be thought of as myocardial
infarction with frequent residual loss of function. In spite of consistently
positive acute responses to antipsychotic medications and psychosocial
treatments, relapse rates approach 80% (ref. 2). Cognitive deficits and
negative symptoms, whether preceding or emerging with psychosis
seem, at best, only modestly responsive to current antipsychotic treat-
ments91,92. The most urgent research priority in the near term will be
effective treatments for the cognitive deficits, including the lack of
insight that often inhibits adherence to both medication and psychoso-
cial treatments.
Stage IV of schizophrenia involves chronic disability. In 1988, in the

height of theAIDS epidemic, the editor ofNaturenoted that ‘‘schizophre-
nia is arguably the worst disease affecting mankind, even AIDS not
excepted.’’93 Not all individuals progress to this late stage of the illness,
but for thosewho do the disability is not only psychiatric butmedical. The
oft-cited psychiatric deficits lead to unemployment, homelessness and
incarceration, as noted earlier. A Finnish birth cohort study recently
reported a 7% rate of suicide in schizophrenia, accounting for 50% of
all deaths by age 39 (ref. 94). The medical complications of chronic
schizophrenia are less well known. In 2010, smoking and obesity are
epidemic among people with schizophrenia, with estimates of nicotine
dependence ranging from 58–90% (ref. 95) and metabolic syndrome
(obesity, hyperlipidemia, hyperglycemia and hypertension) present in
40% (ref. 96). Life expectancy for those with serious mental illness has
been estimated at 56 years, approximately 25 years of prematuremortality
resulting usually from cardiopulmonary disease or other chronic medical
conditions97. Importantly, many of the medical complications of schizo-
phrenia can beprevented through tobacco cessation, dietarymanagement
and programs to manage cardiovascular health.

Schizophrenia in 2030
What is the prognosis of schizophrenia for 2030? I will venture a few
predictions based on hope more than knowledge and recognizing that
progress in understanding and treating schizophrenia may come from
distant fields of science that have not yet been engaged in this area (Fig. 2).

Prevention
Judging from the success of preventive approaches to cardiac death and
disability, refocusing our approach to schizophrenia on early detection
and early intervention could yield substantial improvements in outcomes
over the next decade or two. This will, of course, require sensitive and
specific diagnostic tools as well as safe and effective interventions. The
diagnostic tools for schizophrenia, like the diagnostic tools for cardio-
vascular risk, will probably require a combination of approaches, includ-
ingmeasures of genetic risk, imaging the efficiency of neural circuits, and,
probably most specifically, early cognitive changes. Interventions that
include an aggressive focus on cognition along with family support
may prove surprisingly effective for preempting or forestalling psychosis.
Although a ‘statin-like’ medication would be an unambiguous break-
through, we should not assume that a medication will be more effective
than harnessing the developing brain’s intrinsic plasticity for reversing
the neural trajectory that leads from risk to prodrome. If the preemptive
interventions are as effective as what we have today for coronary artery
disease and if these are widely deployed, by 2030 we should expect a
profound reduction in first-episode psychosis.

Reducing the cognitive deficits
The disability of schizophrenia in 2010 results more from the under-
recognized and treatment-refractory cognitive deficits than from the
more obvious and frequently treatable positive symptoms98. Over the

next decade, potentially leveraging current research on cognition in
Alzheimer’s disease, we can expect a series of pharmacological and
nonpharmacological interventions that will reverse or mitigate the cog-
nitive deficits of the disorder. Early initiation of these interventions will
be transformative, but even in patients following psychosis, cognitive
remediationmay enhance employment, social inclusion and function in
the community99. With interventions that reduce cognitive deficits, by
2030 we will be combining somatic, psychosocial and cognitive treat-
ments with a goal of curing this disease for many patients.

Integration of care
One of the most egregious aspects of schizophrenia treatment in 2010 is
the fragmentation of care, with medical care separated from psychiatric
care andboth isolated frompsychosocial interventions, such as supportive
employment and family education, which have a strong evidence base for
effectiveness. Arguably, doing better with current treatments is our best
short-term strategy for enhancing outcomes. A large multi-site effort in
the United States, the Recovery After Initial Episode of Schizophrenia
(RAISE) project, is developing a best-practices approach to bundled
services that should provide some data about howmuch this can enhance
outcomes. One can hope that in the near future, well before 2030, we will
see all aspects of care being integrated in a continuous way, as is done
increasingly for diabetes andother chronic disorders.Note, however, that
the treatment of schizophrenia involves challenges not observed in most
other chronic diseases. Denial of illness, paranoia, irrational thoughts,
deficits in executive function and disruptive behaviour can all be part of
the syndrome of untreated schizophrenia, complicating care for those
with this disorder. Better treatments, not only better systems, will be
necessary for better outcomes.

Stigma
Just as warehousing in institutions is mostly a memory today, imagine if
the stigma associated with schizophrenia today were gone in 2030. In
contrast tomany othermedical disorders, schizophrenia today too often
defines a person rather than describing the illness. Our fear of psychosis
or disruptive behaviourmay keep us from seeing the heroic struggle that
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Figure 2 | A vision for schizophrenia over the next two decades. Currently
diagnosis follows psychosis (stage III) and treatment focuses on reducing
psychotic symptoms. The use of discovery technologies, which have already
transformed the understanding and treatment of many other medical
disorders, can transform our understanding of schizophrenia, yielding earlier
diagnosis (stages I or II) with treatments focused on the cognitive deficits of this
disorder. The ultimate goal, however, is cure and prevention based on an
understanding of individual risk and the development of personalized care. In
practice this means not only identifying risk and preemptive interventions but
ensuring access to these interventions, integrating care and ensuring full social
inclusion for people at any stage of the schizophrenia trajectory.
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people with this disorder face just to survive amidst the internal chaos
and panic that is part of this chronic illness. Our expectations of these
citizens are low: they should stay out of jail, on theirmedications and not
distress their families, friends and fellow citizens. They deserve better. As
a vision for 2030, people who suffer from any stage of schizophrenia will
be considered to be educable, employable and capable of living in intimate
relationships with others.
Will we still use the term schizophrenia in 2030? The accumulating

genomic evidence indicates that there may be scores or hundreds of
lesions contributing to this final common syndrome. The clinical evid-
ence supports the possibility that what we have labelled schizophrenia for
the past century may be many different disorders with different out-
comes88. And the stigma associated with the diagnosis, and the past
history of misunderstanding and mistreatment also indicate that a
change in the term may be advisable. In 2002, the Japanese terms for
schizophrenia ‘Seishin-Bunretsu-Byo’ (‘mind-split disease’) was replaced
officially by ‘Togo-Shitcho-Sho’ (‘integration disorder’)100. Some evid-
ence indicates that this name change led to reduced stigma, in that fewer
people associated the new name with criminality100.
Although semantic changes can be helpful, the transformations

needed for those with this serious illness are likely to require not only
a better label but better science (Fig. 2). In the next decade the challenge
will be to integrate the impact of genetics, experience and development
to identify a complete blueprint of the risk architecture of this syndrome.
This should lead to a new taxonomy, identifying the many disorders
within the syndromewe now call ‘schizophrenia’ and hopefully replacing
this aggregate label with a series of more precise diagnoses based on
pathophysiology. We need a personalized and preemptive approach,
based on understanding and detecting individual risk and facilitated by
safe and effective interventions for those in stages I and II of this disorder.
In the meantime, we can create policies for social inclusion, family sup-
port and continuity of care to ensure that those in later stages of the
syndrome have the best chance for recovery. Importantly, if recovery
defined as a life in the community is our primary goal today, for 2030
our goals must include prevention, preemption and cure.
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