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If stem cells fulfill their therapeutic promise, moving them from the laboratory into the clinic will 

raise several concerns about justice. One concern is that, for biological reasons alone, stem cell-based 

therapies might not be available for every patient who needs one. Worse, depending on how we address 

the problem of biological access, they might benefit primarily white Americans. We can avoid this 

outcome-although at a cost-by carefully selecting the stem cells we make available. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~7r __-Aumor 

he possibility that stem cells can provide 
therapies for disease and illness has generated 
immense excitement on the part of both re- 

searchers and patients. This enthusiastic support for 
the notion of stem cell-based therapy is tempered by 
the fact that, at present, embryonic stem cells are 
considered technically superior to stem cells derived 
from other sources, such as umbilical cord blood or 
adult stem cells in the human body. Given this situ- 
ation, policy decisions concerning stem cell research 
have become linked to the debate about the ethics of 
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the creation or destruction of embryos, leaving poli- 
cymakers grappling with the seemingly intractable 

question of the moral significance of the human em- 

bryo. This debate will continue; however, it is in- 
evitable that research into stem cell engineering will 
also continue. It seems equally inevitable that as this 
field of research develops, additional ethics and poli- 
cy questions will arise. 

The forthcoming transition in the focus of stem 
cell research from basic science to the development 
of therapies raises important questions of justice. 
This transition is marked by increasing interest in es- 

tablishing banks of stem cell lines, both to facilitate 
research and in anticipation of the eventual use of 
stem cell-derived transplants to treat such diseases as 

amyotrophic lateral sclerosis, Parkinson's, and dia- 
betes.' The creation of stem cell banks raises ques- 
tions about who stands to benefit from these banks 
and their research and therapeutic applications. First, 
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there is a question about who, finan- 
cially, will have access to stem cell- 
based therapies.2 Also, given that 
some nations have legislated against 
allowing the use of embryonic stem 
cells, there may be a question of who 

legally will have access to therapies 
derived from banked stem cell lines, 
particularly those of embryonic de- 
rivation. 

A final issue, and the one we will 
discuss in this paper, is who biological- 
ly will have access to cell-based thera- 

pies. As we will show, the biological 
properties of stem cells themselves 

may make them less accessible to 
some potential recipients than to oth- 
ers, a situation we term the problem 
of biological access. Unless the prob- 
lem of biological access is carefully 
addressed, an American stem cell 
bank may end up benefiting primari- 
ly white Americans, to the relative ex- 
clusion of the rest of the population. 
We must therefore ask which of all 

possible ways to structure an Ameri- 
can stem cell bank is the most just. 

Rejection and the Theoretical 
Solution of Autologous Grafts 

T he future promise of cell engi- 
neering is the ability to control 

cells and their functions. In the inter- 
im, however, it seems likely that cell- 
based treatment for disease and injury 
will be orchestrated through the 

transplantation of stem cells or their 

products. As with more conventional 

types of transplants, immune rejec- 
tion is a major potential problem. Im- 
mune rejection is the principal reason 
that a given stem cell-based therapy 
for a specific disorder might be bio- 

logically less available to one patient 
than to another. 

Immune rejection is mediated by 
our genetic makeup, specifically the 
set of genes which code for a type of 

protein called human leukocyte anti- 

gens (HLA). These HLA proteins are 
on the surface of virtually all cells in 
the body, including stem cells, and 

they play an important role in im- 
mune recognition and rejection. We 
have two copies of each of these 

genes, one inherited from each par- 
ent. There are multiple genes that 
code for HLA and we have two 

copies of each, one on each member 
of a chromosome pair. Some of the 
most important genes for the purpos- 
es of HLA-mediated immune recog- 
nition and response are HLA-A, 
HLA-B, and HLA-DR. 

These genes are highly polymor- 
phic, meaning they occur in variant 

forms, each of which is known as an 
allele. When an individual has two 
different alleles (one inherited from 
each parent), she is heterozygous for 
that allele. When, by chance, both 

parents pass on the same allele for a 

particular gene, their child is ho- 

mozygous for that allele, meaning she 
has two identical copies of the allele. 

Different methods exist for charac- 

terizing the alleles (either through 

A GLOSSARY 
Alele: a variant form of a gene. 

Autologous t plant: transplantation in which the eventual transplant re- 
cipient is also the donor. 

Haplotype: a group of alleles that are inherited together. 

Homatopoiedc cells: cells that are capable of producing blood cells. Bone 
marrow is one source of hematopoietic cells. 

Hemizygous: possessing only one allele for a gene. 

Hetenvlygous: possessing two different alleles, one inherited from each par- 
ent, for a specific gene. 

Homozygous: possessing two identical alleles, one inherited from each par- 
ent, for a specific gene. 
Human leukocyte antigns (HLA): a type of protein found on the surface 
of cells that plays a crucial role in immune recognition and rejection. 
HLA match: the donor and the recipient have matching HLA types. 
HLA type individuals normally have two HLA-A alleles, two HLA-B alleles, 
and two HLA-DR alleles, one from each parent. This six-allele composition 
is referred to as a person's HLA type. 

Polymorphic: a gene is polymorphic when many alleles exist for it. 

Stem cell: a cell that has the ability to divide for indefinite periods in culture 
and to give rise to specialized cells. 

Somatic-cell nuclr transfer (SCNT): a somatic cell nucleus is extracted 
and inserted into an enuceated egg, which is then prompted to begin devel- 
opment. 

For more information: 
* Genetics Home Reference Glossary, U.S. National Library of Medicine: 

http://ghr.nlm.nih.gov/ghr/glossary/Glossary 
* "Genomic Medicine Glossary," NEJM 347, 19 (2002) 
* Glossary and Terms, "Stem Cells: Scientific Progress and Future Research 
Directions," National Institutes of Health, June 2001 

* National Marrow Donor Program Website: 
http://www.marrow.org/index.html 
* Talking Glossary of Genetic Terms, National Human Genome Research 
Institute: http://www.genome.gov/glossary.cfin 
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A bank composed of the most common cell line haplotypes in the 

United States would favor the most populous group in the country. 

serologic or DNA methods), and the 
alleles are usually given numeric 
codes, like 0101. To find someone's 
HLA type is to determine which alle- 
les she has at specific locations on the 
chromosome. Three locations-A, B, 
and DR-and thus three sets of alle- 
les, are particularly important to 
HLA-mediated immune functioning. 
A match entails the donor and the re- 

cipient having the same HLA-A, 
HLA-B, and HLA-DR alleles.3 

An individual's HLA type is linked 
to her ancestry; however, even within 
a family there is variability in HLA 

expression. Identical twins have iden- 
tical HLA because they have received 
the same genetic contribution from 
their parents. Siblings have a roughly 
one in four chance of sharing an HLA 

type. By contrast, parents and chil- 
dren virtually never have identical 
HLA types since both parents con- 
tribute to the alleles of the child, and 
the chance of two parents with iden- 
tical HLA types is remote. 

In both bone marrow transplanta- 
tion and certain types of solid organ 
transplantation, the match between 
the donor's and the recipient's HLA 

plays a crucial role in the acceptance 
or rejection of the transplant. Finding 
an identical match for anyone other 
than an identical twin is complicated 
by the highly polymorphic nature of 
HLA. The array of alleles that each 

person possesses is called her haplo- 
type. If one has a relatively common 
HLA haplotype, finding a match may 
not be hard. For people with rarer 

haplotypes, a match may not be 

forthcoming. Mismatched trans- 
plants can be performed, but they are 
an inferior option to a matched trans- 
plant because they require increased 
levels of immunosuppressive drugs, 
which are themselves burdensome for 
patients and more frequently result in 

transplant-related complications. 
Some data suggest that the number of 
allele mismatches has a cumulative ef- 

fect on negative outcomes; that is, 
there is a gradation of outcomes from 

good to poor as the number of mis- 
matches increases. Thus, patients 
with more common haplotypes have 
a better chance of finding a match- 
or having biological access-and thus 
better odds of a successful transplant. 

HLA has been demonstrated to 
track with geographical ancestry. For 

example, persons of sub-Saharan 
African ancestry have a greater variety 
of HLA types than do persons of any 
other geographical or ethnic group- 
ing. A person's ancestry may signifi- 
candy diminish (or increase) the odds 
of locating an HLA match-whether 
of certain solid organs, bone marrow, 
or stem cells. 

Rejection is a major research area 
for transplantation. The search is on 
for a way to allow all patients, regard- 
less of their haplotypes, to be able to 
receive a transplant that will work for 
them. Success in this search might 
eventually render the concept of bio- 

logical access meaningless. For now, 
however, the problem of immune re- 

jection is a real obstacle to clinical 
success. 

Since an identical match between 
the donor and recipient significantly 
reduces concerns about immune re- 

jection, autologous grafts, in which 
the recipient acts as her own donor, 
are thought to be a promising way to 
avoid rejection. Unfortunately, two 
such autologous solutions, somatic- 
cell nuclear transfer and the isolation 
of existing stem cells from the pa- 
tient's own body, are not practical at 

present. 
In somatic-cell nuclear transfer 

(SCNT), a cell nucleus from the 
eventual transplant recipient is insert- 
ed into an oocyte from which the 
original nucleus has been removed, at 
which point the oocyte is triggered to 

develop. Although scientists have 
thus far failed to derive stem cells 
from human blastocysts created by 

SCNT, if such cells could be ob- 
tained, they would offer the recipient 
an exact genetic match (except for the 
mitochondrial genes, which do not 
affect HLA). Proponents of SCNT 
contend that this strategy could allow 
patients to receive customized HLA- 
matched therapies; however, the force 
of this claim is blunted by economic 
and logistical considerations. Al- 

though SCNT might, in theory, solve 
the rejection-biological access prob- 
lem, it can do so only one person at a 
time. The amount of time and money 
needed to create these uniquely 
cloned solutions makes it unlikely 
that SCNT will provide a practical, 
widespread solution to the biological 
access problem. Additionally, for the 
foreseeable future, research in this 
area will continue to be overshad- 
owed by political and moral contro- 
versy. 

Some of the same limitations 

plague the second autologous strategy 
for solving the problem of rejection, 
that of using cells obtained directly 
from the patient herself through the 
identification and culturing of the pa- 
tient's own adult stem cells.4 Some 
claim that it is possible, at least in an- 
imal models, to derive adult stem cells 
that exhibit the same degree of devel- 
opmental capacity as embryonic stem 
cells. From a public policy perspec- 
tive, the adult sources alternative has 

great appeal, as it sidesteps altogether 
the difficult issue of embryo destruc- 
tion. Whether adult sources are able 
to replace embryonic sources remains 
to be seen.5 However, even if adult 
sources of stem cells are shown to be 
as robust as embryonic sources, using 
them to produce autologous stem 
cell-based therapies is problematic. At 
least for the near future, the laborato- 
ry procedures involved are extremely 
inefficient in generating sufficient 
cells. The isolation of adult stem cells 
yields very few cells, which are diffi- 
cult to grow in culture. Like the 
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cloning strategy, the adult stem cell 

strategy is both time consuming and 
expensive. 

There may be some circumstances 
in which the time and expense re- 
quired to prepare customized autolo- 

gous therapies are justified. For exam- 

ple, a stem cell-based therapy that 
cures a young child of a burdensome 
condition, thereby saving the health 
care system a lifetime's worth of med- 
ical expenses while providing a pro- 
found benefit to the child, might jus- 
tify the time and expense of creating 
an autologous therapy. For most con- 
ditions, however, the costs of cus- 
tomized autologous therapies would 
be prohibitive, even for wealthy na- 
tions. Moreover, for conditions such 
as stroke and injury, where treatments 

may need to be administered quickly 
in order to be maximally effective, it 

may never be possible to prepare au- 

tologous stem cell therapies from 
adult (or cloned) sources within the 

required time constraints. Although 
non-autologous transplants support- 
ed by immunosuppressive therapies 
could in theory be used to sustain 
stroke and trauma patients during the 
time required to prepare customized, 
autologous stem cell therapies, here, 
too, the costs are likely to be prohibi- 
tive. Therefore, adult sources are not 
much more likely than cloned sources 
to provide a complete solution to the 

rejection-biological access problem, at 
least for the foreseeable future. 

Alternative Strategies for 
Addressing Rejection and 
Biological Access 

or the remainder of this paper, we 
assume that there is no "autolo- 

gous fix" to the problem of biological 
access, at least not until the capacity 
to engineer cells advances to the stage 
where in vivo manipulation of stem 
cells is commonplace. In the interim, 
human therapies derived from stem 
cells will probably involve transplan- 
tation of grafts from a genetically 
non-identical donor. Futhermore, we 
assume further that, even if interven- 
tions directed at organ systems such 

as the brain or liver are found to be 
relatively unproblematic, at least 
some stem cell-derived therapies will 
create immune rejection problems. 

At present, there are three main 
options in dealing with the problem 
of immune rejection: immunosup- 
pressive drugs, clinically induced tol- 
erance, and HLA matching.6 Often, 
two or more of these techniques are 
used in combination. A fourth tech- 

nique, genetic modification of cell 
lines to reduce their capacity to pro- 
voke an immune response, has no 
current application in clinical trans- 

plantation but perhaps could be used 
in future development of cell-based 

therapies. In theory, genetic modifica- 
tion could be used to create the 

equivalent of "universal" stem cells- 
cells that would not produce immune 
reactions in most patients.7 From the 

perspective of justice, such a develop- 
ment would be ideal, since biological 
access for almost all persons would be 

guaranteed.8 Animal experiments 
suggest avenues for pursuing the uni- 
versal stem cell strategy; however, the 
technical barriers to defeating the 

multiple defenses of the immune sys- 
tem are formidable.9 It may well be 

years, if not decades, before such en- 

gineering will be successful. 
The most widely used strategy to 

deal with immune rejection is im- 

munosuppression. Immunosuppres- 
sive drugs began to be widely used in 
the 1980s, greatly increasing the via- 

bility of HLA-mismatched organ do- 
nation. In many cases, however, 
transplant recipients need continual 

immunosuppression with drugs in 
order to avoid either acute or chronic 

rejection, even when HLA matching 
is available. The risks of immunosup- 
pressive therapy are well documented 
and often severe. They include 

nephrotoxicity, diabetic and vascular 

complications, and an increased risk 
of infections.10 

Another strategy by which to 
avoid rejection is the induction of im- 

munologic tolerance. Experiments 
with animals have shown that various 
methods of reducing host immune 

response and promoting acceptance 

of grafted tissue can reduce rejection 
and lessen the need for ongoing im- 

munosuppression of the graft recipi- 
ent.11 However, clinical applications 
for humans are still in development 
and are at present relatively risky. A 

technique for inducing tolerance 
called mixed chimerism is particularly 
intriguing in light of the potential of 
a single stem cell line to generate dif- 
ferent tissue types.12 In mixed 
chimerism, the host immune system 
is temporarily suppressed, and donor 
bone marrow is introduced into the 

recipient and allowed to engraft prior 
to transplant of an organ from the 
same donor. If the technique is suc- 
cessful, the recipient develops a 
chimeric immune system consisting 
of her own immune cells and the new 
cells engrafted from the bone marrow. 
This chimeric immune system should 
be tolerant of new tissue (for exam- 

ple, a transplanted organ) from the 
same donor. At present, few patients 
have undergone this procedure, 
mainly due to the risks involved, the 

uncertainty of success, and the need 
for a living donor who can provide 
both bone marrow and an organ, 
such as a kidney. However, data from 
animal experiments are promising.13 
If the same stem cell line could be in- 
duced to produce hematopoietic cells 
for transplant and the tissue of inter- 
est for therapy, the mixed chimerism 

approach could be used to provide 
patients with cell-based therapies 
from stem cells without extensive im- 

munosuppression or the need for 
HLA matching.'4 

The third strategy for avoiding im- 
mune rejection is HLA matching; 
however, the importance of HLA 

matching in transplantation varies, 
depending on what tissue or organ is 

transplanted. For example, for bone 
marrow transplantation HLA match- 

ing is considered essential for a good 
clinical outcome,15 while for liver 

transplantation, matching is not nor- 

mally used.16 The importance of 
HLA matching in transplantation 
also varies depending upon donor 

availability and disease severity. As 
mentioned above, while not consid- 
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ered optimal, mismatched transplants 
are performed, primarily if a match is 
not available. 

The U.S. National Marrow Donor 

Program has compiled a registry of 
over four million donors, each of 
whom is typed for their HLA-A and 
B alleles, which are considered critical 
for matching. Due to the high degree 
of polymorphism in the relevant alle- 
les, even with this enormous pool of 
donors only 50 to 60 percent of pa- 
tients who need transplants can find a 
match.17 Not only are the HLA alleles 

highly variable, but also different eth- 
nic groups have different frequencies 
of specific alleles.'8 For example, the 
ten most common HLA-A alleles in 
white Americans are not the ten most 
common in African Americans, and 
vice versa.19 

The transplant community has 

struggled with the issue of HLA dis- 

stem cell lines are appropriate for 
human use, they are woefully inade- 

quate from the perspective of HLA 

matching. The situation in the Unit- 
ed States is particularly acute. At pre- 
sent there is no publicly available in- 
formation about the HLA types of 
the embryonic stem cell lines that are 

approved for federally funded re- 
search in the U.S. However, given the 
small number of lines21 and the fact 
that these stem cells were derived 
from embryos created by in vitro fer- 
tilization for reproductive use, the di- 

versity of HLA types among these 
lines is probably extremely limited. In 
the near term, the unlikelihood of 

haplotype diversity in available stem 
cell lines may significantly impede the 

efficiency and success of first human 
clinical trials. Looking ahead to thera- 

peutic use, two concerns loom large: 
First, many patients will not be able 

immunosuppression may lead to the 

development of next-generation 
drugs that have a reduced side-effect 

profile. The potential to develop a 
universal stem cell should be ex- 

plored, although the scientific obsta- 
cles are formidable. In the near term, 
however, HLA matching, supple- 
mented with immunosuppression as 
needed, remains the principal avail- 
able approach to avoiding rejection. 

HLA matching and transplanta- 
tion raise serious questions of public 
policy and justice. In the American 
context, there have been many at- 

tempts to address one such issue: the 
relative unavailability of good match- 
es for African American transplant re- 

cipients.22 Public policy responses to 
this problem have generally been re- 
stricted to appeals to the African- 
American community for donation 
and to strategies to increase overall 

Unless the problem of biological access is carefully addressed, an 

American stem cell bank may benefit white Americans to the relative 

exclusion of the rest of the population 
tribution and its relation to immune 

rejection for years, in particular with 

regard to patients who are less likely 
to find a match due to their ethnic or 
racial background. This concern will 
extend from solid organ and bone 
marrow transplantation to stem cell 

transplants because stem cells bear the 

haplotype of the individual from 
whom the cell line was derived. Al- 

though the need for HLA matching 
of stem cell-derived therapies will 

likely vary depending on the tissue 
that is transplanted, matching will be 
critical to clinical success in at least 
some important therapeutic applica- 
tions. As such, the disparities current- 

ly present in the field of transplanta- 
tion are likely to be replicated in the 

emerging practice of stem cell trans- 

plantation, unless specifically guarded 
against. 

We have addressed elsewhere the 
issue of whether the existing stem cell 
lines are suitable for use in human re- 

cipients.20 Even assuming that current 

to find a match and therefore will face 
more burdensome therapeutic regi- 
mens that are less likely to be success- 
ful. Second, some groups of people 
may be systematically disadvantaged 
if their ancestral/ethnic group was not 
well represented in the biological ma- 
terial that was initially used to derive 
stem cells, since their haplotypes are 
then less likely to be included in stem 
cell-based therapies. 

A Public Policy Response to 
the Problem of Biological 
Access 

XW-e- strongly recommend that all 
W four of these strategies for 

dealing with immune rejection be ac- 

tively pursued. Although the capacity 
to induce tolerance is currently in the 
earliest stages of clinical application, 
advances in this area hold great 
promise, not only for stem cell-based 

therapies but also for transplantation 
in general. Continued research into 

donation.23 In the context of stem 
cell-based therapies, however, the 

availability of HLA types need not be 
constrained by the vagaries of organ 
donation. Although we are not cur- 

rently able to produce solid organs or 
tissues for transplantation, we are able 
to create stem cell lines that can be 
used for research and, eventually, 
therapies. This means that it is within 
our power to construct a bank of 
stem cell lines that includes a wide 

spectrum of HLA types, specifically 
selected to satisfy considerations of 

justice. 
Many countries have had consid- 

erable experience with the creation 
and maintenance of banks of biologi- 
cal materials for therapeutic use. Bio- 

logical banks exist for blood, sperm, 
corneas, and umbilical cord blood. In 
addition, there are systems of collec- 
tion and distribution for solid organs 
and bone marrow. Most of these 
banks and systems are organized and 
financed by government or through 
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Table 1. 25 Most Common HLA-A/B Haplotype Frequencies in Five U.S. Populations1 

African Americans White Americans Hispanics Native Americans Asian Americans 
(n=252) (n=265) (n=234) (n= 187) (n=358) 

HLA-A HLA-B Cumul Freq HLA-A HLA-B Cumul Freq HLA-A HLA-B Cumul Freq HLA-A HLA-B Cumul Freq HLA-A HLA-B Cumul Freq 
1 2301 1503 .0314 0101 0801 .0726 2902 4403 .0299 0201 0702 .0399 3303 5801 .0612 
2 0101 0801 .0580 0201 4402 .1244 0201 5101 .0549 0201 3501 .0751 0207 4601 .1002 
3 3001 4201 .0818 0301 0702 .1631 0301 0702 .0751 2402 1501 .1058 1101 4001 .1333 
4 0205 5801 .1017 0201 0702 .1911 2402 5101 .0929 2402 4002 .1357 3303 4403 .1644 

5 3601 5301 .1212 0201 4001 .2150 0101 0801 .1102 2402 3501 .1614 2402 4001 .1905 
6 0301 0702 .1398 0101 5701 .2331 0201 3512 .1272 6801 5101 .1833 1101 1502 .2048 
7 2301 0702 .1565 0201 0801 .2481 1101 3501 .1420 0101 0801 .2044 2402 5101 .2320 

8 0201 4501 .1714 0201 1501 .2626 0201 0702 .1565 0206 2705 .2245 1101 3802 .2482 

9 0201 0702 .1859 0301 3501 .2757 0201 4402 .1700 0201 5101 .2416 1101 1301 .2631 

10 740 1503 .1971 2601 3801 .2822 0201 3501 .1828 0201 1501 .2574 2402 3802 .2774 

I 1 0201 5301 .2080 2402 4402 .2977 3301 1402 .1947 3101 5101 .2700 0203 3802 .2900 
12 6802 5301 .2186 2902 4403 .3075 0201 4403 .2065 0301 0702 .2820 1101 5101 .3006 

13 0301 3501 .2285 3101 4001 .3167 0201 4002 .2164 2402 4001 .2936 2402 4002 .3097 

14 3402 4403 .2374 I101 3501 .3250 0201 1501 .2260 2402 2705 .3048 2402 4006 .3258 

15 0201 4402 .2460 0201 5101 .3330 2402 3906 .2352 2402 4402 .3148 3001 1302 .3326 

16 3402 3501 .2545 0101 0702 .3405 0301 5201 .2442 0201 3901 .3244 2402 3501 .3394 

17 0201 3501 .2622 0101 5101 .3477 2402 3501 .2520 3101 4002 .3331 1101 3901 .3451 

18 2301 4501 .2693 1101 5101 .3546 0201 1801 .2597 0101 5101 .3409 1101 5401 .3521 

19 1101 3501 .2761 0201 5701 .3613 2402 4002 .2672 0206 1501 .3483 0201 4801 .3522 

20 6802 1510 .2823 0301 4402 .3677 0201 1402 .2745 0301 2705 .3553 0201 1501 .3582 

21 2902 0702 .2893 0201 3501 .3738 0201 5001 .2818 2402 3901 .3612 3401 1521 .3635 

22 3303 5301 .2950 2501 1801 .3795 0201 5701 .2881 0201 4402 .3678 2402 5201 .3687 

23 0301 5701 .3005 3201 1501 .3851 1101 2705 .2953 0201 4001 .3735 2402 1501 .3736 

24 6802 1503 .3059 2402 1501 .3905 0301 3501 .3012 2402 4801 .3790 1101 5502 .3786 

25 0202 5301 .3100 0201 1402 .3955 2601 4002 .3066 2501 1801 .3844 1101 1501 .3831 

1. Haplotypes that are within the ten most common for at least two of these ancestral/ethnic groups are shaded, demonstrating overlaps. 
This table was generated by John A. Hansen and colleagues at Fred Hutchinson Cancer Research Center using data from specimens from North American 
volunteer donors received by the U.S. National Marrow Donor Program. HLA-A and -B haplotype frequencies were adapted from K. Cao et al., "Analysis 
of the Frequencies of HLA-A, B, and C Alleles and Haplotypes in the Five Major Ethnic Groups of the United States Reveals High Levels of Diversity in 
These Loci and Contrasting Distribution Patterns in These Populations," Human Immunology 62 (2001): 1009-1030. Ethnicity of the donors was estab- 
lished by self-report. Further information concerning this table is available at http://www.thehastingscenter.org/publications/hcr/faden.htm. 

some kind of public-private partner- 
ship. Regardless of their structure, 
with the exception of some propri- 
etary cord blood and sperm banks, 
these tissue and organ collections are 
considered to be public resources. 

There are numerous ethical and 

political challenges to establishing a 

public stem cell bank. Especially in 
the United States, it is questionable 
whether in the current climate there 
could be any government involve- 
ment in the banks creation, financ- 

ing, or oversight. First, however, we 
focus on the question of how, from 
the perspective of justice, stem cell 
banks should be constructed. 

How Should a Therapeutic 
Bank Be Designed? 

W Tfe begin with a discussion of 
the issues that surround the 

creation of a bank constructed to 
serve therapeutic needs, then describe 
the distinct considerations that apply 

to the research context. It turns out 
that separate structures for research 
and therapy banks are desirable. 

Ideally, a stem cell bank would in- 
clude sufficient diversity to permit 
every potential recipient to receive a 

good match. Unfortunately, such a 
bank would require the creation and 
maintenance of a collection of enor- 
mous magnitude. As we have already 
noted, even with a registry of over 
four million donors, the U.S. Bone 
Marrow Donor Program provides 
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Society may have to choose between what it values more: ensuring 

that all benefit fairly from science, or protecting embryonic human life. 

matches for only 50 to 60 percent of 
those in need. The Bone Marrow 
Donor Program is a registry, provid- 
ing searchable information on poten- 
tial donors. Given the time needed to 

develop stem cell lines, we assume 
that a registry system would not be 
feasible for stem cell transplants. 
Rather, we propose a bank, where cell 
lines would be maintained and stored 
and samples distributed to clinicians 
as needed. We assume that construct- 

ing a stem cell bank with hundreds of 
thousands or even millions of stem 
cell lines is out of the question, if for 
no other reason than the huge finan- 
cial cost of creating and maintaining 
so many stem cell lines. 

We believe that the only plausible 
design for a stem cell bank is to build 
the bank with stem cell lines that are 

specifically designed to be homozy- 
gous with regard to those alleles that 
are the most important to transplan- 
tation. In standard matching proce- 
dures, six alleles (two each of HLA-A, 
B, and DR) of the donor and the re- 

cipient are compared. However, a 

person or a cell line that is homozy- 
gous expresses only one of each allele. 
A bank of homozygous stem cell lines 
would thus provide acceptable 
matches for many more patients be- 
cause only three of a patient's alleles 
would need to match the alleles of 
the donor, as opposed to six for het- 

erozygous cell lines.24 

Constructing a bank of homozy- 
gous lines will be difficult, not only 
because of the numerous ethical and 

political challenges we address later in 
this paper. The probability of finding 
homozygous spare embryos from in 
vitro fertilization clinics is, at best, 
low. A more promising but also more 
controversial strategy would build the 
bank around gamete donation. Em- 
bryos could be created from the ga- 
metes of donors who share a com- 
mon haplotype; such embryos would 
have roughly a one in four chance of 

being homozygous for the relevant 
three alleles. If perfected, SCNT 
could provide a means to secure the 
desired stem cell lines from genetical- 
ly appropriate homozygous adults. 
However, this procedure is even more 

morally and politically controversial 
than conventional embryo creation. 
It might also eventually be possible to 

develop the desired lines from select- 
ed cells of homozygous adults or 
from the cord blood of homozygous 
newborns, but at the moment it is 
still unclear whether these sources 
will prove sufficiently robust to com- 

pletely replace the need for embryon- 
ic stem cell lines. 

Although the obstacles to creating 
a public homozygous stem cell bank, 
which we discuss later, are formida- 
ble, creating such a bank is, we be- 
lieve, technically feasible. Despite the 
increased efficiency (and thus desir- 

ability) of a homozygous bank, the 
number of lines needed to provide 
appropriate matches for all potential 
patients would still be prohibitively 
large. Identifying and soliciting fe- 
male and male gametes that share a 
common haplotype, creating em- 

bryos from these gametes (only one 
in four of which will be homozy- 
gous), deriving stem cells from the se- 
lected embryo, and establishing a 
stem cell line is a difficult challenge. 
Additionally, some homozygous stem 
cell lines would be practically impos- 
sible to create because some haplo- 
types are so extraordinarily rare that 

finding the needed gametes or adult 
sources would be extremely difficult. 
Given these limitations, we believe 
that the only plausible strategy is to 
create a stem cell bank of limited size, 
containing homozygous stem cell 
lines chosen for development because 

they express some desired combina- 
tion of HLA alleles. 

The central ethical challenge of 
this proposition is determining which 
combination of haplotypes to include 

in the limited bank of homozygous 
cell lines intended for therapeutic 
use. The first step toward addressing 
this challenge is an assessment of the 

options. We think there are three 
main strategies, each highlighting dif- 
ferent considerations of justice, for 
the selection of cell lines to be includ- 
ed in a limited, homozygous public 
stem cell bank. A straightforward 
maximizing approach would seek to 
include those cell lines from which 
the most matches could be made. An 

egalitarian approach would give all 
individuals who it is feasible to in- 
clude in the bank an equal chance at 

having their haplotype represented. 
What we call an ethnic representation 
strategy would select common haplo- 
types within each ancestral/ethnic 

group so that the members of any 
group would have the same chance of 

finding a match with the banked cell 
lines. We consider each of these 

strategies and argue that the last is the 
most defensible. 

Coverage Maximizing Strategy 

The first strategy is to seek to in- 
clude those homozygous cell 

lines that would allow the greatest 
percentage of the population to find a 
match in the bank. This strategy rec- 

ognizes that not all cell lines are alike 
in terms of the number of people 
who might benefit from them. Some 

haplotypes are more common than 
others, and a limited bank can cover 
more people if it includes cell lines 
that possess the most common haplo- 
types. The obvious appeal of this 

strategy is that it provides for the 

largest number of potential beneficia- 
ries of HLA matched stem cell-based 
treatments. 

There are, however, two signifi- 
cant drawbacks to this approach. 
First, it ensures that persons with less 
common haplotypes could never 
benefit from the bank. One might 
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reasonably be concerned about the 
fairness of such a strategy. Second, a 
bank composed of cell lines possess- 
ing the most common haplotypes in 
the United States would statistically 
favor white Americans simply be- 
cause white Americans are the most 

populous group in the country. 
The haplotypes that occur most 

commonly in white Americans over- 

lap somewhat with the most com- 
mon haplotypes of other American 
ancestral/ethnic groups, but signifi- 
cant diversity exists among the 

groups. (The overlap for five Ameri- 
can ancestral/ethnic groups is illus- 
trated in Table 1.) Even with the 

overlaps shown here, not all ances- 
tral/ethnic groups share common 

haplotypes. The most common 
HLA-A/B haplotype within white 
Americans, A 0101 B 0801, is among 
the ten most common for African 
Americans, Hispanics, and Native 
Americans; however, this haplotype is 
not among the twenty-five most 
common for Asian Americans. More- 
over, the haplotypes presented in 
Table 1 are only HLA A-A/B; if 
HLA-DR were included, the overlap 
between ancestral/ethnic groups 
would decrease further. 

Since white Americans are more 
numerous than America's other an- 
cestral/ethnic groups, the inclusion of 
a haplotype found in a relatively 
small percentage of white Americans 

might extend coverage to more peo- 
ple than the inclusion of the haplo- 
type most common in another ances- 
tral/ethnic group. For this reason, if a 
bank included homozygous lines 
with the fifty most common haplo- 
types in the United States, the de 
facto result would be a bank com- 

posed primarily of lines whose haplo- 
types are common to white Ameri- 
cans. While this strategy would lead 
to a higher number of matches than 

any other, the matches would be clus- 
tered within the Caucasian ancestral 

group, exacerbating the health dis- 

crepancies that currently exist be- 
tween ethnic groups within the Unit- 
ed States-discrepancies that track 

Table 2. 

Number of Homozygous Cell Lines Needed to Match U.S. White 
and African American Populations at HLA-A, B, and DR1 

Number of Cell Lines2 

5 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 

Proportion Covered: 
White Americans 

.090 

.250 

.352 

.486 

.587 

.711 

.780 

.839 

.916 

Proportion Covered. 
African Americans 

.038 

.106 

.177 

.287 

.382 

.466 

.540 

.606 

.663 

.717 

.767 

.813 

.856 

.895 

1. The data are from Stephen J. O'Brien and colleagues. Further information concerning this table is 
available at http://www.thehastingscenter.org/publications/hcr/faden.htm. 
2. These calculations refer to the most common haplotypes within each ethnic group. As such, the five 
cell lines referred to in line two will be different lines, with different haplotypes, for white Americans 
than for African Americans. (See Table 1.) While it is possible that the two groups may share some 
common haplotypes, the divergence between the two groups is increased when HLA-DR is included 
in addition to HLA-A and B. 

histories of oppression and social in- 

justice. 

Equal Chances Strategy 

One way of addressing the con- 
cern about fairness to individu- 

als with less common haplotypes 
would be to give all haplotypes we 
can feasibly include in a bank, and 
thus all the individuals who have 
these haplotypes, an equal chance at 

being represented.25 As a practical 
matter, it is effectively impossible to 
create homozygous stem cell lines for 

haplotypes that are sufficiently rare. It 
would be possible, however, to in- 
clude in a bank many haplotypes that 
fall somewhere in between the rare 
and the common ones. The equal 
chances strategy seeks to promote 
fairness by giving all persons with 

haplotypes that can feasibly be repre- 
sented in the bank the same chance at 

biological access to stem cell-based 

therapies. This could be accom- 

plished by randomizing the process 
through which eligible haplotypes are 
selected for inclusion in the bank (for 
example, through some form of lot- 

tery in which all the relevant haplo- 
types are included). 

While providing as many individ- 
uals as possible an equal chance of 

benefiting from the bank may accord 
with some basic intuitions about fair- 
ness, adopting the equal chances 

strategy has two real drawbacks. First, 
this strategy is not designed to ad- 
dress the problem of unequal access 
for members of different ancestral or 
ethnic groups. In practice, the equal 
chances approach might either allevi- 
ate or exacerbate these inequalities, 
depending on the outcome of the lot- 

tery. In either case, however, these re- 
sults would be due to luck, not de- 

sign, and might lead to even greater 
disparities between ancestral/ethnic 

groups than the coverage maximizing 
strategy. Some might argue that the 
ethnic inequalities that might result 
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from an equal chances strategy are 
more morally acceptable than those 
that would result from a coverage 
maximizing strategy because the 
process that yielded them is fair. 
However, those who hold that there 
are strong independent moral reasons 
to prevent further disadvantages for 
historically oppressed groups will not 
be satisfied by a process that might 
have this result. 

Second, while a lottery might, as a 
matter of luck, lead to the inclusion 
of the same set of haplotypes as the 

coverage maximization strategy, the 

point of adopting the equal chances 

approach is to allow for other possi- 
bilities as well, including the possibil- 
ity that most or all of the haplotypes 
included in the bank would be rela- 

tively uncommon. In this case, obvi- 

ously, only a small number of persons 
would be able to benefit from the 
bank. 

The problem that only a few 

might benefit from an equal chances 

efit the greatest number of patients 
should be constrained by the require- 
ments of justice, and second, that jus- 
tice requires that we give those with 
uncommon haplotypes an equal 
chance of benefiting from the bank. If 
these assumptions are correct, then 
the fact that the equal chances strate- 

gy provides benefits to fewer patients 
than the coverage maximization strat- 

egy does not show that the equal 
chances strategy should not be adopt- 
ed. By the same token, however, the 
fact that some haplotype is so uncom- 
mon that creating a homologous stem 
cell line with that haplotype would 
absorb most of the resources available 
to a bank cannot show that we should 
exclude it from the lottery. But if our 

lottery must include all such haplo- 
types, the number of uncommon 

haplotypes would be larger than one 

might have thought, and the proba- 
bility that the. bank would benefit 

only a very small number of people 
would be correspondingly greater. 

that those who are less seriously ill or 
who are less likely to survive do not 
have an equal chance of securing the 
resource. Without some reason to re- 

gard the decision of which lines to in- 
clude in a stem cell bank as different 
in kind from other decisions about 
the allocation of scarce resources to 
which no one is antecedently entitled, 
we should conclude that fairness does 
not require adoption of the equal 
chances strategy. 

Still another reason for rejecting 
the equal chances strategy is that, at 
least for some, the primary justifica- 
tion for investing in stem cell research 
and the creation of a public bank is 
the advancement of human welfare, 
generally. From this standpoint, a 

process of creating the bank that 

yields very little benefit would be self- 

defeating. Whatever one thinks of the 
fairness of providing equal chances, 
we must not lose sight of the fact that 
in this instance we are seeking fairness 
within the context of advancing social 

An "ethnic representation" strategy should be adopted to avoid 

discrimination and underrepresentation in stem cell banks. 

bank becomes more acute when we 
consider which haplotypes we might 
reasonably exclude from the lottery 
on the grounds that they are so rare 
that they cannot feasibly be included. 
We must exclude any haplotypes that 
are so rare that it would be literally 
impossible to find donors of the ga- 
metes needed to create them. If we 
also excluded haplotypes on the 

grounds that it would not be impossi- 
ble but merely extremely difficult and 

costly to find such donors, we would 
have to do so because we judged that 
the costs of including those haplo- 
types in the lottery would outweigh 
the benefits of doing so. But to ex- 
clude haplotypes from the lottery on 
this basis is inconsistent with the jus- 
tification for the equal chances strate- 

gy. 
That justification relies on two 

claims: first, that our attempts to ben- 

We do not believe that justice re- 

quires the adoption of the equal 
chances strategy. In designing a bank 
to provide maximal coverage, we do 
not deprive those with uncommon 

haplotypes of a benefit to which they 
are antecedently entitled or ask them 
to make sacrifices from which they 
cannot expect to benefit. We are, in- 
stead, in a situation in which we must 
decide how best to allocate scarce re- 
sources. In other such situations we 
do not believe that the only fair way 
to make decisions is by lottery. For in- 
stance, those who allocate other 
scarce medical resources, such as ICU 
beds or organs, do not rely on lotter- 
ies to make their decisions, and we do 
not generally think that these prac- 
tices are unfair. Depending on the 
context, allocation decisions take into 
account such factors as medical need 
or prognosis, even though this means 

welfare. If there is too little welfare or 
benefit, the putative fairness promot- 
ed through equal chances comes at 
too high a price. 

Ancestral/Ethnic 
Representation Strategy 

A Ithough we the authors do not all 

./lagree on this point,26 most of us 
would prefer to select the most com- 
mon haplotypes from each of the 

major ancestral/ethnic groups in the 
United States in order to make the 
bank useful to the same percentage of 

patients from each ethnic category. 
This strategy would be less efficient 
than the coverage maximizing strate- 

gy because it would take more cell 
lines to match the same number of 

patients overall. This is true for two 
reasons. First, the ethnic representa- 
tion strategy holds that we should ex- 
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tend coverage to the same proportion 
of each ethnic group, even though a 

given percentage of a smaller group 
includes fewer people than the same 

percentage of a larger group. Second, 
different numbers of cell lines would 
be needed to cover the same percent- 
age of different groups, due to the fact 
that some ethnic groups have more 
HLA diversity than others. For exam- 

ple, when matching for HLA-A, B, 
and DR, in order to ensure that 

roughly 50 percent of all white Amer- 
icans and 50 percent of all African 
Americans could receive a suitable 
match, between sixty and eighty cell 
lines would be needed (Table 2). 
Twenty homozygous cells lines would 
be sufficient to match 48.6 percent of 
white Americans, but only 28.7 per- 
cent of African Americans. In order 

make up most of the potential match- 
es. 

Since white Americans constitute 
75 percent of the overall popula- 
tion,28 the haplotypes most common 
in this group are the most common in 
the U.S. population overall. If the ten 
most common haplotypes among 
white Americans (Table 1) were cho- 
sen for the stem cell bank, only three 
would overlap with the ten most 
common haplotypes for African 
Americans and Native Americans; 
there would be four overlaps with 

Hispanics, and none with Asian 
Americans. Thus, such a bank would 

provide matches for a much higher 
proportion of white Americans than 
of any other ancestral/ethnic group.29 

On our proposal, fewer patients 
would have access to stem cell thera- 

ed in ways that make them worse.30 
Insofar as they are the result of past 
injustices, as members of the society 
that produced them, we have an affir- 
mative obligation to take steps to 
ameliorate them. For these reasons, it 
would be wrong to adopt policies that 
exacerbate the effects of discrimina- 
tion, even if the factors that would 
serve to widen the disparity-for ex- 

ample, a higher rate of polymor- 
phisms in one group as compared to 
another-are themselves unrelated to 

any historical or current social injus- 
tices. 

Moreover, providing equal ethnic 

representation in a stem cell bank 
would prevent the expressive harm 
that would result from unequal repre- 
sentation. If we followed the coverage 
maximizing strategy, the resulting 

The ma existing human embryonic stem cell lines will not be sufficient to 

allow for equitable biological access. 

to cover approximately 50 percent of 
each group, between twenty and thir- 

ty cell lines would be needed for 
white Americans and between forty 
and fifty for African Americans. 

Matching for the DR alleles in ad- 
dition to the A and B alleles decreases 
the likelihood of finding a match and 
increases the number of cell lines nec- 

essary to match a given percentage of 
a population. In some cases it may be 
reasonable to match only A and B, 
depending on the type of tissue trans- 

planted and the likelihood of a good 
clinical outcome. When matching for 
HLA-A and B only, in order to cover 
30 percent of each of the five ances- 
tral/ethnic groups shown in Table 1, 

approximately twenty-three cell lines 
for African Americans, twelve for 
white Americans, twenty-four for 

Hispanics, fourteen for Native Amer- 
icans, and twelve for Asian Americans 
would need to be established, for a 
total of eighty-five cell lines.27 By con- 
trast, if the eighty-five most common 

haplotypes in the overall U.S. popula- 
tion were included (irrespective of 

ethnicity), white Americans would 

pies than would otherwise be the 
case. We do not take lightly the idea 
of designing a bank in such a way that 
fewer patients will be able to benefit 
from it. Nonetheless, we believe that 
the ethnic representation strategy 
should be adopted. In the United 
States, ancestral/ethnic groups other 
than white Americans are the only 
groups of persons that share two 
traits: first, they would be systemati- 
cally underrepresented in a bank con- 
structed according to the coverage 
maximization strategy, and second, 
they have endured a history of dis- 
crimination within American society. 
The coverage maximization strategy 
would both mimic this discrimina- 
tion and exacerbate its effects, which 
in our view argues against its adop- 
tion. 

As members of societies that have 
a history of ethnic discrimination, we 
have an obligation to reduce ethnic 

disparities in life expectancy and 
other indicators of health. Insofar as 
these disparities are understood as 

present injustices, at the very least, 
public policy should not be formulat- 

stem cell bank would ensure access to 
stem cell-based therapies for a much 

greater percentage of white Ameri- 
cans than other groups. For example, 
if the twenty-five most common hap- 
lotypes among all Americans were se- 
lected, due to the fact that white 
Americans are the most numerous 

group, all twenty-five haplotypes 
would be those common to white 
Americans. Thus, in the pool of 

twenty-five cell lines, approximately 
40 percent of white Americans could 
find a match, while 7.8 percent of 
African Americans could be matched 

by this pool of cell lines, 19 percent of 

Hispanics, 21 percent of Native 
Americans, and 3.6 percent of Asian 
Americans.31 The justification for 

adopting this strategy is based solely 
on a commitment to maximizing 
medical benefits, without regard to 
the implications for different ethnic 

groups. Indeed, had the population 
genetics worked out differently, the 

coverage maximizing strategy could 
have affected ethnic groups quite dif- 

ferently. Nevertheless, if a bank made 
the benefits of stem cell therapy avail- 
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