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Implications for Research with Human Embryonic Stem Cells
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ABSTRACT

Medical research with human embryonic stem cells, despite its enormous potential to reduce hu-
man suffering, is banned in many countries and heavily restricted in others. “Moral reasons’ are
invoked to justify bans and restrictions on this promising research. Rather surprisingly, while those
moral reasons have been extensively discussed and hotly debated in several papers, not a single ar-
ticle on the moral aspects of that research has attempted to answer this fundamental question: What
is morality? Considering that a scientifically objective definition of morality is essential to deter-
mine whether those moral reasons are justified or groundless, this article focuses on the evolution-
ary origins of morality and its biological basis. Morality arose as a selectively advantageous prod-
uct of evolution and preceded all religions and philosophies by millions of years. For the 99% of
humankind’s evolution, morality was axiomatically aimed at reducing the sufferings of the social
members, because pains and afflictions, as expressions of diseases and impairments, tended to has-
ten the extinction of the small ancestral groups, which characteristically consisted of a few tens of
members. Had the therapeutic use of human embryos been available in remote times, our ancestors
would have deemed it unquestionably immoral to save amorphous and microscopic agglomerates
of insensitive cells representing neither parental nor social investment, at the expense of the lives of
the suffering members of their little communities. Unless we venture the untenable thesis that the
unlikelihood of extinction of our immense societies entitles us to overturn the meaning of morality,
we cannot but conclude that bans and restrictions on research with human embryonic stem cells
are patently immoral.

INTRODUCTION

HUMAN EMBRYONIC STEM CELLS (HESC) are early,
“universal” (1) cells with the potential to form vir-
tually any somatic cell in the human body (1). If research
with HESC continues, scientists could soon be able to
differentiate those universal cells into specific cell types,
thereby growing new neurons for neurodegenerative dis-
orders such as Parkinson’s disease and Alzheimer’s dis-
ease, new pancreatic cells for diabetic patients, and new
cardiac muscle for rebuilding the heart (2). Research with

HESC is also expected to result in banks of cell types for
transplantation medicine, because HESC “could be
grown as universal graft tissue for blood, bone marrow,
lung, liver, kidney, tendons, ligaments, muscle, skin, hair,
teeth, the retina and the lens of the eye. The possibilities
are endless” (2).

In view of the “enormous” (3) clinical potential of HESC
research, The Lancet has recently pointed out that this re-
search “may lead to a revolution in medical science” (4).
Indeed, several studies (5-12) suggest that “Each poten-
tial use of stem cells promises revolutionary advances”

Inspector Emeritus, Italian State Railways, 60001-970 Fortaleza (CE), Brazil.
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(13). However, despite the fact that “the potential of this
research to alleviate human suffering” (14) has led more
than 80 Nobel Laureates (4), the American Medical As-
sociation (15), and most researchers to approve HESC re-
search (16), many governments hamper it with strict reg-
ulations or even ban it completely (17). This ban is
enforced, for example, in Ireland and Austria (18). Ger-
many and Italy have “highly restrictive” legislation on
HESC research (19). In the United States, there is a broad
ban on federal funding for HESC research, unless feder-
ally approved stem cell lines are used (20). These policies,
which have been widely criticized (19-24), represent an
expression of “legislative myopia” (24), because they
“threaten to starve the field at a critical stage” (21). In-
deed, HESC research “is an example of the type of work
that merits public funding and might require it to succeed”
(19). As emphasized in The Lancet, “banning this work
will deny thousands of individuals the chance to live a
comfortable life” (22). In view of the predictably revolu-
tionary applications of HESC research, the father of a par-
alyzed son asked: “Shall we deny our loved ones what may
well be the greatest advance in medical history?” (23).

“MORAL REASONS”

Somewhat paradoxically, even though the potential of
HESC research to alleviate human suffering represents
an excellent moral reason to encourage such a promising
research, all the bans and restrictive legislations that im-
pede it have been enacted for “moral reasons.” These
grounds are invoked especially by the Roman Catholic
Church (25,26) and the anti-abortion movements, which,
driven by their religious “aggressive zealotry” (27), in-
sist loudly on an international ban on HESC research, on
the grounds that it requires the destruction of embryos
(1). In the United States, by wielding their political in-
fluence, those movements “have been able to block all
research in the field” (27). They claim that this research
is immoral, because human embryos, in view of their po-
tential to develop into complete human beings, have “all
the moral rights and protections of persons from the mo-
ment of conception” (1). This thesis reflects exactly the
Vatican’s official views on human reproduction, which
were expressed by Pope Paul VI in his encyclical letter
Humanae Vitae (28). These views have also been aired
more recently by Pope John Paul II in his book Cross-
ing the Threshold of Hope (29). In the editorial entitled
tellingly “Crossing the threshold of credibility,” however,
The Lancet implied that the Pope has a “faulty under-
standing of biological matters” (30). Similarly, in Nature,
it has been stressed that the Pope “ignores most of mod-
ern genetics and embryology” (31).

The advocates of HESC research argue that the “mi-
croscopic ball of around 100-200 cells” (32) that form

the preimplantation embryo (blastocyst) (32) not ex-
ceeding 14 days, which constitute the deadline for this
research (32-34), must not be accorded the same legal
status of persons, because the precursors of the brain,
spinal cord, and sense organs do not appear until between
6 and 8 weeks after conception (30). Those advocates
also focus on the scientific evidence that the human fe-
tus cannot feel pain before 26 weeks (35). Moreover, they
point out that Thomas Aquinas, whose philosophical
views guided the Catholic Church for many centuries, be-
lieved that ensoulment occurred in three stages that were
completed around 40 days after conception (31). The
supporters of HESC research also stress that Christian
tradition, until the late nineteenth century, followed
Aquinas’s thoughts and, for this reason, the Catholic
Church graded the protection to human fetus according
to the stages of its development (31), which is in sharp
contrast with the current position of the Vatican (29).
All the arguments outlined above, however, despite be-
ing based on reason and common sense, are probably in-
adequate to convince governments to ease bans and re-
strictions on HESC research, because its opponents not
only lobby politicians to prohibit it (26), but also have
the great advantage of presenting themselves as champi-
ons of such valued things as religious traditions, ethical
principles, and morality. Therefore, rather than contest-
ing the religious ideas about the legal status of human
embryos, which unavoidably “results in hedgehog posi-
tions and endless debates” (36), scientists should chal-
lenge the religious claim that morality imposes to save
microscopic and insensitive blastocysts, even at the ex-
pense of the lives of many suffering individuals. An ex-
ample of this moral challenge can be found in an article
of Lanza and colleagues (37), who compellingly wrote:
“Where is the morality in letting millions of people con-
tinue to suffer from chronic and life-threatening disease?
... does a blastocyst warrant the same rights and rever-
ence as that accorded a living soul—a parent, a child or
a partner—who might die because we failed to move the
moral line?” (37). The moral challenge expressed in these
questions, however, can hardly be successful without a
scientifically objective definition of morality.

WHAT IS MORALITY?

The term “morality” and its derivatives are used pro-
fusely in the debate on HESC research. For example, in
a short paper on this topic (38), the words “moral,”
“morally,” and “immoral,” jointly, were used 11 times.
Considering that several articles on HESC research dis-
cuss extensively its moral implications, it is rather sur-
prising that not a single published article on HESC re-
search has attempted to answer scientifically this
fundamental question: What is morality? A scientific an-
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swer to this central question, of course, is absolutely nec-
essary to determine whether morality can be invoked jus-
tifiably as a reason to ban HESC research.

Most of those who believe in transcendental explana-
tions will probably offer an answer in line with the reli-
gious dogma that morality has been benevolently infused
by a divinity only in human beings, to privilege them
over animals, which have no morality. This view has
lately been epitomized as follows: “God is the founda-
tion on which civilisation stands, without which there is
no basis for discussing right and wrong, charity, com-
passion, ethics, law, and the greater good” (39). All of
these uplifting things, however, can be discussed in
purely evolutionary and biological terms, free of any re-
ligious connotation (40—42). Indeed, morality is not a pre-
rogative of human beings, because “the social behavior
of even the lowest animals may teach us about fostering
cooperation and moral behavior among humans” (43).
The idea of studying morality from an evolutionary view-
point is scientifically well founded, because, “Increas-
ingly, evolutionary theory is providing knowledge about
the instructive basis that underlies many human behav-
iours” (44). Indeed, several scientists have recently dis-
covered “the untapped potential of darwinian thinking to
provide a conceptual framework for better understanding
many aspects of human behavior” (45).

Considering that 93% of leading scientists do not be-
lieve in God (46), that “Evolution is the unifying concept
of biology and the basis for all modern biological re-
search” (47), and that humankind is a biological product
of evolution, it is likely that most of those who prefer
scientific explanations will agree with the evolutionary
view that morality originated as a selectively advanta-
geous product of evolution and preceded all religions and
philosophies by millions of years (40-42). As de Waal
rightly stated, “No doubt some philosophers regard
morality as entirely theirs” (42) (p. 10). However, he also
properly underlined that “We seem to be reaching a point
at which science can wrest morality from the hands of
philosophers” (42) (p. 218). It can reasonably be pre-
dicted, therefore, that “The choice between a transcen-
dental and an empirical foundation for ethics will van-
ish, leaving only the latter” (48).

ORIGINS OF MORALITY

Animal aggregation is “an evolutionarily advantageous
state, in which members derive the benefits of protection,
mate choice, and centralized information” (49). The se-
lective advantages of animal aggregation (45,50-52) ex-
plain why many species, including humans and other pri-
mates, live in social groups. In ancestral times, early
communities of apes, to enhance their chances of survival
in their harshly savage environment, had to evolve se-

lectively advantageous social behaviors, which constitute
precisely the essence of morality (53).

The selective advantages of morality explain why
chimpanzees display such moral acts as sharing of re-
sources with non-kin (42,54-58), caring and consolation
toward non-kin (42,59,60), and attempts to reconcile non-
kin (42,58,59). These and other moral behaviors reported
in de Waal’s book Good Natured (42), namely, altruism,
collaboration, succor, empathy, special treatment of the
handicapped, protection of injured individuals, tolerance,
and community concern, “which is perfectly capable of
being favoured by ordinary processes of natural selec-
tion” (61), can all make sense only in the context of an
evolutionary strategy for promoting the survival of the
social groups of chimpanzees.

Chimpanzees’ morality, which was not instilled by
priests or philosophers, demonstrates that Theodosius
Dobzhansky was farsighted when he wrote that “Noth-
ing in biology makes sense except in the light of evolu-
tion” (62). In view of both the 99.4% genetic identity be-
tween humans and chimpanzees (63) and the influences
of genes in determining behavior (64-73), it is logical to
assume that also humankind’s morality, far from being a
divine gift conferred uniquely to our species, is essen-
tially a biological phenomenon favored in the course of
human evolution (40-42).

ORIGINS OF ALTRUISM

Human beings’ morality, just as the one of chim-
panzees, is mainly based on altruism (74,75) and coop-
erative behavior (76,77), “without which any society
would, sooner or later, crumble” (78). Altruism is a ge-
netic trait (79,80) that seems incompatible with the sim-
plistically popularized Darwinian concept that the “sur-
vival of the fittest” is a result of “selfish” genes that have
been selected at the expense of others. In truth, as shown
by mathematical models of population genetics, if the re-
duction in survival and reproduction of individuals with
genes for altruism is more than offset by the increased
probability of survival of the groups formed of individ-
uals with those genes, then genes for altruism will rise in
frequency (41). In other words, “Altruists may be less fit
than nonaltruists within a single group, but groups of al-
truists are more fit than groups of nonaltruists” (81). As
has rightly been remarked, “human social groups are so
well designed at the group level that they must have
evolved by group selection” (82). The important role of
group selection in evolution has recently been confirmed
by theoretical studies (83,84).

Until a few decades ago, the idea of group selection
was discredited, whereas currently “an increasing num-
ber of biologists chafe against the idea that individual
competition explains every aspect of evolution” (85).
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Their chafe is understandable, because natural selection
operates at many levels (86), including group selection,
which has certainly played a pivotal role in humankind’s
evolution. Indeed, if we bear in mind that humans, in their
hostile ancestral surroundings, were more likely to sur-
vive in groups than alone (49) and that groups, for the
99% of humankind’s evolution, consisted of a few tens
of members (87), just as still occurs in hunter-gatherer
tribes (88,89), it is obvious that groups strengthened by
the moral altruism of their members were more likely to
survive than were groups weakened by the immoral self-
ishness of their members (87). Even today, the socially
beneficial effects of altruism and the detrimental ones of
selfishness may contribute to explain, respectively, the
prosperity of some nations and the socioeconomic prob-
lems of others (90).

That altruism is a genetic trait produced by group se-
lection has clearly been demonstrated by several recent
experiments that “confirm a general tendency in humans
both to be generous to distantly related individuals and to
punish cheaters, sometimes at great personal cost. . . .
Such findings have stimulated evolutionary theorists to
return to models of the evolution of group-beneficial . . .
genetic traits . . ., all in populations structured in small
groups at high risk of extinction. Such conditions could
have prevailed in human societies in the not-too-distant
evolutionary past” (91). Only these ancestral conditions
can plausibly account for the otherwise puzzling altruis-
tic behavior—even at great personal cost—that those ex-
periments have consistently found in modern humans
(91). Indeed, as Charlton (92) correctly argued, “Con-
temporary behaviour is . . . a consequence of modern in-
puts being processed by mechanisms and driven by in-
stincts designed for ancestral conditions” (92), because
“we are, after all, animals, only recently emerged from a
stone age culture . . . [and] much of our behavior can be
described as animal instinct, genetically determined” (93).

As de Waal appropriately recalled, “Darwin himself
leaned toward group selection when tackling the issue of
morality. He literally saw one tribe gain advantage over
another” (42) (p. 23). Indeed, Darwin, quoted by de Waal
(42) (p. 23), wrote as follows: “At all times throughout
the world tribes have supplanted other tribes; and as
morality is one element in their success, the standard of
morality and the number of well-endowed men will thus
everywhere tend to rise and increase.”

REDUCED ABILITY TO
RECOGNIZE IMMORALITY

For millions of years, evolution rewarded the moral-
ity—i.e., socially beneficial behaviors—of some human
groups by favoring their survival and punished the im-
morality—i.e., socially harmful behaviors—of other

groups by hastening their extinction (87). By means of
these selective pressures, therefore, evolution has taught
human beings that morality consists in behaviors that fa-
vor the survival of the community and that immorality is
represented by behaviors that can jeopardize its survival.
Even “animals may take account not merely of how their
companions do behave but also of how they ought to be-
have” (61). Intuitively, for most of humankind’s exis-
tence, our ancestors regarded morality and immorality as
essentially represented by actions that, respectively, re-
duced or increased the physical and psychological suf-
ferings of the members of the community, because pains
and distresses, as the more visible expressions of diseases
and impairments, constituted a threat to the fitness and
survival of the small ancestral groups (94-96).

Considering that “Humans have been ‘designed’ for a
historical situation, not for contemporary society” (97),
it is not surprising that morality, molded as it was to en-
sure the survival of “the small-scale societies in which
humans lived for most of our prehistory” (98), began to
fade when the dimensions of human societies increased
enormously (87), as a result of the demographic explo-
sion that ensued from the invention of agriculture about
12,000 years ago (97). It is worth noting that 12,000 years
represent less than 0.5% of the 2.5 million years during
which our remote ancestors lived in small tribes (97),
whose survival largely depended on the socially benefi-
cial effects of their morality (87). The socially detrimen-
tal consequences of a disproportionate increase in the size
of human communities were unavoidable, because “Sta-
tistics from several sources point to an optimal human
group size of around 150 individuals (three times that of
any other primate)” (99).

The excessive increase in the dimensions of human
groups, by “diluting” the socially harmful consequences
of immoral actions among millions of untouched and dis-
tant individuals, allowed immorality to become less eas-
ily recognizable socially than it was in small primitive
groups (87), in which all the members knew each other
and recognized promptly the immoral actions that could
menace the survival of their little communities. Nowa-
days, therefore, to test the alleged morality of individual
actions and government policies, we should determine
their predictable effects on the well-being and survival
of small theoretical communities (87). Indeed, unless we
make the prodigious statement that the remote risk of ex-
tinction of our immense societies entitles us to overturn
the meaning of morality, all actions and policies that
would cause the extinction of small communities must
be regarded as patently immoral (87).

The reduced ability of the members of enormous so-
cieties to recognize and condemn immorality explains
why they permit religious parents to refuse vaccinations
(100) and medical treatments for their children (101,102),
which results in multiplied infections (100) and several
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fatalities (101,103). Given that the undesirable conse-
quences of religious and philosophical exemptions affect
severely not only exempted individuals but also non-ex-
empted children (100), it has rightly been written that
“The critical issue is whether some parents should be al-
lowed to place other people’s children at increased risk
for disease by refusing immunizations for their own chil-
dren” (104). At the economic level, since we have the
“moral duty to use our finite resources efficiently” (105),
one may well complain about the waste of considerable
resources to save patients who refuse blood transfusions
for religious reasons (105). It has been depressingly es-
timated that “Costs incurred by one severely ill Jehovah’s
Witness could run one unit in Africa for one year. . . .
Will the time come when a religious group will be
charged the costs of keeping its members alive?” (106).

The impaired ability to recognize immorality also ex-
plains why the nonsensical immorality of some religious
movements can elude social reprobation. For example, the
male members of a Christian group, “to attain their ideal
of sanctity, subjected themselves to castration . . . (removal
of the penis, the scrotum, and the testes)” (107) and, de-
spite this madness, were allowed to become “ardent pros-
elytizers” (107). This proselytism resulted in thousands of
castrations (107), which are numerous enough to lead tens
of small communities to extinction (87).

Not only the “ideal of sanctity” (107) of a little religious
group, however, but also the ideal of “morality” of great
religious movements can produce tragic consequences. In-
deed, the Vatican’s precepts about human reproduction,
which include the prohibition of using condoms “regard-
less of whether their intended use is contraception or dis-
ease prevention” (108), have been officially reaffirmed
even in the light of the millions of children orphaned by
the devastating epidemic of AIDS (109). At the United Na-
tions session on AIDS in June, 2001, the Vatican’s dele-
gate proclaimed: “The Holy See wishes to emphasize that,
with regard to the use of condoms as a means of prevent-
ing HIV infection, it has in no way changed its moral po-
sition” (108). This “moral” position, which may well jus-
tify the question “Does God want orphans?” (110),
demonstrates that Pascal, quoted by Good (111), was
surely right when he said that “Men never do evil so com-
pletely and cheerfully as when they do it from religious
conviction.” Indeed, as Savulescu correctly underscored,
religion and ethics represent two distinct worlds (112).
Likewise, others observed that “religious ethics is not well
suited to solve moral problems in secular society” (113).

IMMORALITY OF BANS AND
RESTRICTIONS ON HESC RESEARCH

Unless we overturn the meaning of morality or we ad-
vance the untenable thesis that what is indisputably im-

moral in small communities can be moral in great soci-
eties, we cannot but realize that unmistakable immoral-
ity, not morality, underpins all bans and restrictions on
HESC research, because they constitute an immoral evo-
lutionary nonsense, which would be selectively disad-
vantageous and potentially fatal for small communities
(94). Had HESC research and its therapeutic applications
been available to early humans, our remote ancestors
would have deemed it unquestionably immoral to save
those amorphous and microscopic agglomerates of in-
sensitive cells representing neither parental nor social in-
vestment (95), at the expense of the sick and suffering
members of the social group, because their disabling dis-
eases and premature deaths weakened the little commu-
nity, thereby potentially hastening its extinction (94).
Even though the risk of extinction of today’s enormous
societies is remote, there is no rational reason to over-
turn the meaning of morality, which still dictates that our
first moral duty is to reduce the physical and psycholog-
ical sufferings of our fellow beings. Notably, this primary
moral duty also guides chimpanzees, as shown by their
“succorant behavior, defined as helping, caregiving, or
providing relief to distressed or endangered individuals
other than progeny” (42) (p. 41).

As de Waal cogently reasoned, “If attachment and
bonding are at the root of succorant behavior, parental
care must be its ultimate evolutionary source. As ex-
plained by Irendus Eibl-Eibesfeldt, with the evolution of
parental care in birds and mammals came feeding, warm-
ing, cleaning, alleviation of distress, and grooming of the
young, which in turn led to the development of infantile
appeals to trigger these activities. Once tender exchanges
between parent and offspring had evolved—with the one
asking for and the other providing care—they could be
extended to all sorts of other relationships, including
those among unrelated adults” (42) (p. 43).

Considering that parental care is the most ancestral
form of morality (114-116) and that maternal care con-
stitutes its maximal expression and is probably one the
most perfected products of evolution, because the exis-
tence of all mammalian species depends primarily on ma-
ternal care, human mothers are the best judges of the
morality of HESC research. Opinion polls performed
worldwide will undoubtedly show that mothers would
overwhelmingly decide to produce an insensitive and mi-
croscopic blastocyst, to be destroyed within 14 days, if
its therapeutic use can save their suffering children. The
opposite decision, besides being evidently absurd in view
of the mother—child relationships (117-122), which are
the strongest ones existing in nature, would emerge as an
immoral evolutionary nonsense, because blastocysts, un-
like children, represent no parental investment, which is
a crucial evolutionary factor (123-125).

Hypothetical aliens studying humankind since its ori-
gins might wonder why a sound maternal decision, which

243



BASCHETTI

reflects moral behaviors evolved and perfected under se-
lective pressures over millions of years, should be pro-
hibited by laic governments under the pressures of reli-
gious movements espousing “moral” principles that have
been invented extemporaneously in the last 0.1% of hu-
mankind’s evolution (96). Those aliens, by looking at the
enlarged photo of a microscopic embryo on the point of
a pin (126), could also argue that only a blind faith and
an irrational adherence to dogmatic principles can explain
why some humans claim that such a tiny and unformed
clot of cells must always be saved, even at the expense
of the lives of many suffering children.

CONCLUSIONS

Evolution imposingly warns humankind against being
deceived by the “empty rhetoric of invoking resonant
principles with no conceivable or coherent application”
(127), because these vacuous principles unequivocally vi-
olate the moral imperatives that enabled our species to
survive for millions of years (87,94-96). As has timely
been emphasized, “From the jailing of Galileo to the
Scopes trial on the teaching of evolution, there are count-
less cautionary tales that highlight the perils of allowing
any single ideological view to dominate science policy”
(128). Indeed, considering that “Dozens of new infec-
tious diseases are likely to emerge over the next 25 years”
(129), as AIDS and SARS (severe acute respiratory syn-
drome) did previously, reason suggests that it could be a
tragically shortsighted error to keep bans and strict reg-
ulations on HESC research. Its predicted clinical appli-
cations, for example in the treatment of neurodegenera-
tive disorders (2), could enable our species to avoid a
dramatic increase in human suffering, by remedying the
destructive effects of unknown diseases causing neuronal
degeneration. No one can exclude that among the dozens
of new infectious diseases that are expected to affect
humankind in the next years (129) there will be some
neurodegenerative disorders caused by mutated, highly
contagious strains of the infectious agents that are re-
sponsible for transmissible spongiform encephalopathies
(130).

The moral imperative of easing bans and restrictions
on HESC research, besides being corroborated by evo-
lutionary considerations, is also strengthened by histori-
cal lessons, which caution humankind against forgetting
“the fallibility, even lethality, of religious dogma and pre-
cept” (131). Indeed, despite the long-proclaimed infalli-
bility of the popes (132), the Holy See is well known for
its tardy apologies for papal errors. The Vatican rehabil-
itated Galileo 359 years after his sentence, passed by the
Holy Office (133). In 1950, Pope Pius XII condemned
the “fictitious tenets of evolution” (134), but in 1996,
nearly 120 years after Darwin’s burial, Pope John Paul

IT acknowledged that Darwin was right about evolution
(135). Later, he asked forgiveness for errors of the Church
over 2,000 years (136). After 2010, when the number of
African children orphaned by AIDS will come to 20 mil-
lion (137), he or another pope will probably apologize
for the religious misinformation and interferences that
hamper the use of condoms as a means of preventing
HIV/AIDS (138).

In the near or distant future, if humankind will be rav-
aged by a devastating disease potentially curable only by
the therapeutic applications of HESC research, the papal
apologies for the current religious pressures to ban world-
wide this promising research will hardly console the be-
reaved survivors.

REFERENCES

1. Juengst E and M Fossel. (2000). The ethics of embryonic
stem cells—now and forever, cells without end. ] Am Med
Assn 284:3180-3184.

2. Wright SJ. (1999). Human embryonic stem-cell research:
science and ethics. Am Sci 87:352-361.

3. Singer PA. (2000). Medical ethics. Br Med J 321:282—
285.

4. Editorial. (2001). Stem-cell research: drawing the line.
Lancet 358:163.

5. TakagiY,J Takahashi, H Saiki, A Morizane, T Hayashi,Y
Kishi, H Fukuda,Y Okamoto, M Koyanagi, M Ideguchi,
H Hayashi, T Imazato, H Kawasaki, H Suemori, S
Omachi, H lida, N Itoh, N Nakatsuji, Y Sasai and N
Hashimoto. (2005). Dopaminergic neurons generated
from monkey embryonic stem cells function in a Parkin-
son primate model. J Clin Invest 115:102-109.

6. Perrier AL, V Tabar, T Barberi, ME Rubio, J Bruses, N
Topf, NL Harrison and L Studer. (2004). Derivation of
midbrain dopamine neurons from human embryonic stem
cells. Proc Natl Acad Sci USA 101:12543-12548.

7. Siegel-Itzkovich J. (2004). Cardiomyocytes from human
stem cells restore heart rhythm. Br Med J 329:760.

8. Chien KR, A Moretti and K-L Laugwitz. (2004). ES cells
to the rescue. Science 306:239-240.

9. Levenberg S, JS Golub, M Amit, J Itskovitz-Eldor and R
Langer. (2002). Endothelial cells derived from human em-
bryonic stem cells. Proc Natl Acad Sci USA 99:4391—
4396.

10. Assady S, G Maor, M Amit, J Itskovitz-Eldor, KL Sko-
recki and M Tzukerman. (2001). Insulin production by
human embryonic stem cells. Diabetes 50:1691-1697.

11. Kehat I, D Kenyagin-Karsenti, M Snir, H Segev, M Amit,
A Gepstein, E Livne, O Binah, J Itskovitz-Eldor and L
Gepstein. (2001). Human embryonic stem cells can dif-
ferentiate into myocytes with structural and functional
properties of cardiomyocytes. J Clin Invest 108:407-414.

12. Kaufman DS, ET Hanson, RL Lewis, R Auerbach and JA
Thomson. (2001). Hematopoietic colony-forming cells
derived from human embryonic stem cells. Proc Natl Acad
Sci USA 98:10716-10721.

244



13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

MORALITY OF STEM CELL RESEARCH

Fischbach GD and RL Fischbach. (2004). Stem cells: sci-
ence, policy, and ethics. J Clin Invest 114:1364—1370.
Blackburn E. (2004). Bioethics and the political distortion
of biomedical science. N Engl J Med 350:1379-1380.
Hopkins Tanne J. (2003). American Medical Association
approves stem cell research. Br Med J 326:1417.
Friedrich MJ. (2004). Researchers make the case for hu-
man embryonic stem cell research. J Am Med Assn 292:
791-792.

Watson R. (2003). Euro MPs threaten UK stem cell re-
search. Br Med J 326:838.

. Gruss P. (2003). Human ES cells in Europe. Science

301:1017.

Tauer CA. (2004). International policy failures: cloning
and stem-cell research. Lancet 364:209-214.

Drazen JM. (2004). Embryonic stem-cell research—the
case for federal funding. N Engl J Med 351:1789-1790.
Daley GQ. (2004). Missed opportunities in embryonic
stem-cell research. N Engl J Med 351:627-628.
Editorial. (2004). It is time for scientists to make the case
for stem-cell research. Lancet 364:113-114.

Reed D. (2004). Paralysis, Roman Reed, and a ban on
stem-cell research. Lancet 364:219.

Drazen JM. (2004). Legislative myopia on stem cells. N
Engl J Med 349:300.

Copland PS. (2004). The Roman Catholic Church and em-
bryonic stem cells. ] Med Ethics 30:607-608.

Oakley J. (2002). Democracy, embryonic stem cell re-
search, and the Roman Catholic Church. J Med Ethics
28:228.

Editorial. (1997). Human cloning requires a moratorium,
not a ban. Nature 386:1.

Pope Paul VI. (1968). Encyclical letter: Humanae Vitae:
On the Regulation of Birth. Paulist Press, Glen Rock, NJ.
Pope John Paul II. (1994). Crossing the Threshold of
Hope. Alfred A. Knopf, New York.

Editorial. (1995). Crossing the threshold of credibility.
Lancet 345:267-268.

Godfrey J. (1995). The Pope and the ontogeny of persons.
Nature 373:100.

Savulescu J. (2000). The ethics of cloning and creating
embryonic stem cells as a source of tissue for transplan-
tation: time to change the law in Australia. Aust NZ J Med
30:492-498.

Dyer O. (2002). Embryo cell research should continue,
committee says. Br Med J 324:502.

Editorial. (2002). The environments of stem cells: biol-
ogy, ethics and policy. Can Med Assoc J 166:1005.
Wise J. (1997). Fetuses cannot feel pain before 26 weeks.
Br Med J 315:1112.

van Leeuwen E. (2004). On the origin, use and destina-
tion of human embryos. Eur J Endocrinol 151 (Suppl. 3):
Ul3-16.

Lanza RP, JB Cibelli and MD West. (1999). Human ther-
apeutic cloning. Nature Med 5:975-977.

Sandel MJ. (2004). Embryo ethics—The moral logic of
stem-cell research. N Engl J Med 351:207-209.

Yeo D. (2002). Creationism versus evolution. Lancet
360:872.

Katz LD (ed.). (2000). Evolutionary Origins of Morality:

245

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Cross-Disciplinary Perspectives. Katz. Imprint Acade-
mic, Thorverton, UK.

Wilson EO. (1998). The biological basis of morality. The
Atlantic Monthly 281:53-70.

de Waal F. (1996). Good Natured: The Origins of Right
and Wrong in Humans and Other Animals. Harvard Uni-
versity Press, Cambridge, MA.

Chase VM. (1999). The golden rule covered in fur: an an-
imal model for citizenship. Am Sci 87:270-272.
Charlton BG. (1997). A syllabus for evolutionary medi-
cine. J R Soc Med 90:397-399.

Emlen ST. (1995). An evolutionary theory of the family.
Proc Natl Acad Sci USA 92:8092-8099.

Larson EJ and L Witham. (1998). Leading scientists still
reject God. Nature 394:313.

Hanson RB and FE Bloom. (1999). Fending off furtive
strategies. Science 285:1847.

Gillispie CC. (1998). E. O. Wilson’s Consilience: a no-
ble, unifying vision, grandly expressed. Am Sci 86:280-
283.

Parrish JK and L Edelstein-Keshet. (1999). Complexity,
pattern, and evolutionary trade-offs in animal aggregation.
Science 284:99-101.

Silk JB, SC Alberts and J Altmann. (2003). Social bonds
of female baboons enhance infant survival. Science 302:
1231-1234.

Perry S, JH Manson, G Dower and E Wikberg. (2003).
White-faced capuchins cooperate to rescue a groupmate
from a boa constrictor. Folia Primatol 74:109-111.
Dunbar R. (1997). The monkeys’ defence alliance. Na-
ture 386:555-557.

Marshall E. (1996). Probing primate morality. Science
271:904.

Basabose AK. (2004). Fruit availability and chimpanzee
party size at Kahuzi montane forest, Democratic Repub-
lic of Congo. Primates 45:211-219.

Hashimoto C, S Suzuki, Y Takenoshita, J Yamagiwa, AK
Basabose and T Furuichi. (2003). How fruit abundance
affects the chimpanzee party size: a comparison between
four study sites. Primates 44:77-81.

Stanford CB. (1995). Chimpanzee hunting behavior and
human evolution. Am Sci 83:256-261.

Gibbons A. (1992). Chimps: more diverse than a barrel
of monkeys. Science 255:287-288.

de Waal FBM and F Aureli. (1997). Conflict resolution
and distress alleviation in monkeys and apes. Ann NY
Acad Sci 807:317-328.

Kutsukake N and DL Castles. (2004). Reconciliation and
post-conflict third-party affiliation among wild chim-
panzees in the Mahale Mountains, Tanzania. Primates
45:157-165.

Goodall J. (1998). Learning from the chimpanzees: a mes-
sage humans can understand. Science 282:2184-2185.
Whiten A. (1996). Testimony to niceness. Nature 380:
301-302.

Dobzhansky T. (1973). Nothing in biology makes sense
except in the light of evolution. Am Biol Teach 35:125—
129.

Wildman DE, M Uddin, G Liu, LI Grossman and M Good-
man. (2003). Implications of natural selection in shaping



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

BASCHETTI

99.4% nonsynonymous DNA identity between humans
and chimpanzees: enlarging genus Homo. Proc Natl Acad
Sci USA 100:7181-7188.

Cherkas LF, EC Oelsner, YT Mak, A Valdes and TD
Spector. (2004). Genetic influences on female infidelity
and number of sexual partners in humans: a linkage and
association study of the role of the vasopressin receptor
gene (AVPR1A). Twin Res 7:649-658.

Craig IW, E Harper and CS Loat. (2004). The genetic ba-
sis for sex differences in human behaviour: role of the sex
chromosomes. Ann Hum Genet 68:269-284.

Scourfield J, N Martin, TC Eley and P McGuffin. (2004).
The genetic relationship between social cognition and
conduct problems. Behav Genet 34:377-383.

McGuffin P and N Martin. (1999). Behaviour and genes.
Br Med J 319:37-40.

Pfaff DW. (1997). Hormones, genes, and behavior. Proc
Natl Acad Sci USA 94:14213-14216.

McGuffin P and A Thapar. (1997). Genetic basis of bad
behaviour in adolescents. Lancet 350:411-412.

Moran TH, RH Reeves, D Rogers and E Fisher. (1996).
Ain’t misbehavin’—it’s genetic! Nature Genet 12:115-116.
Cohen J. (1996). Does nature drive nurture? Science
273:577-578.

Plomin R. (1995). Genes and behaviour. Ann Med 27:
503-505.

Plomin R. (1990). The role of inheritance in behavior. Sci-
ence 248:183-188.

Fehr E and U Fischbacher. (2003). The nature of human
altruism. Nature 425:785-791.

Gintis H, S Bowles, R Boyd and E Fehr. (2003). Ex-
plaining altruistic behavior in humans. Evol Hum Behav
24:153-172.

Ferriere R. (1998). Help and you shall be helped. Nature
393:517-519.

Keller L and HK Reeve. (1998). Familiarity breeds co-
operation. Nature 394:121-122.

Excoffier L. (1999). Why can’t people be more like bats?
Nature 399:322.

Rushton JP. (2004). Genetic and environmental contribu-
tions to pro-social attitudes: a twin study of social re-
sponsibility. Proc R Soc Lond B Biol Sci 271:2583-2585.
Rushton JP, CH Littlefield and CJ Lumsden. (1986).
Gene-culture coevolution of complex social behavior: hu-
man altruism and mate choice. Proc Natl Acad Sci USA
83:7340-7343.

Wilson DS. (1997). Human groups as units of selection.
Science 276:1816-1817.

Nunney L. (1998). Are we selfish, are we nice, or are we
nice because we are selfish? Science 281:1619-1621.
Ono S, K Misawa and K Tsuji. (2003). Effect of group
selection on the evolution of altruistic behavior. J Theor
Biol 220:55-66.

Dugatkin LA, M Perlin and R Atlas. (2003). The evolu-
tion of group-beneficial traits in the absence of between-
group selection. J Theor Biol 220:67-74.

Morell V. (1996). Genes vs. teams: weighing group tac-
tics in evolution. Science 273:739-740.

Mayr E. (1997). The objects of selection. Proc Natl Acad
Sci USA 94:2091-2094.

87

88

89.

90.

91.
92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.
104.

105.

106.

107.

108.

246

. Baschetti R. (2002). Ethical analysis in public health.
Lancet 360:416.
. Pavan L, E Casiglia, LM Carvalho Braga, M Winnicki,
M Puato, P Pauletto and AC Pessina. (1999). Effects of a
traditional lifestyle on the cardiovascular risk profile: the
Amondava population of the Brazilian Amazon. Com-
parison with matched African, Italian and Polish popula-
tions. J Hypertens 17:749-756.
Kesteloot H, N Ndam, S Sasaki, M Kowo and V Seghers.
(1996). A survey of blood pressure distribution in Pygmy
and Bantu populations in Cameroon. Hypertension 27:
108-113.
Baschetti R. (1997). Evolutionary psychiatry. J R Soc Med
90:358-359.
Mace R. (2000). Fair game. Nature 406:248-249.
Charlton BG. (1996). A new science of health: salutology
and the evolutionary perspective. Q J Med 89:233-236.
Fisher GR. (1998). Consilience: the unity of knowledge.
J Am Med Assn 280:1455.
Baschetti R. (2004). Evolutionary ethic and embryonic
stem-cell research. Intern Med J 34:371.
Baschetti R. (2002). Science, philosophy, religion, and use
of embryonic stem cells. Lancet 359:2037.
Baschetti R. (2001). Use of stem cells in creation of em-
bryos. Lancet 358:2078.
Charlton BG. (1996). What is the ultimate cause of socio-
economic inequalities in health? An explanation in terms
of evolutionary psychology. J R Soc Med 89:3-8.
Boyd R, H Gintis, S Bowles and PJ Richerson. (2003).
The evolution of altruistic punishment. Proc Natl Acad
Sci USA 100:3531-3535.
Bickerton D. (1996). I chat, thereby I groom. Nature
380:303.
Salmon DA, M Haber, EJ Gangarosa, L Phillips, NJ Smith
and RT Chen. (1999). Health consequences of religious
and philosophical exemptions from immunization laws:
individual and societal risk of measles. ] Am Med Assn
282:47-53.
Asser SM and R Swan. (1998). Child fatalities from reli-
gion-motivated medical neglect. Pediatrics 101:625-629.
Kondro W. (1999). Boy refuses cancer treatment in favour
of prayer. Lancet 353:1078.
Anonymous. (1999). Faith and cancer. Lancet 354:230.
Edwards KM. (2000). State mandates and childhood im-
munization. ] Am Med Assn 284:3171-3173.
Finfer S, S Howell, J Miller, K Willett and J Wilson-Mac-
Donald. (1994). Managing patients who refuse blood
transfusions: an ethical dilemma. Major trauma in two pa-
tients refusing blood transfusion. Br Med J 308:1423—
1424.
Wooding N. (1999). Costs incurred by one severely ill Je-
hovah’s Witness could run one unit in Africa for one year.
Br Med J 318:873.
Wilson JD and C Roehrborn. (1999). Long-term conse-
quences of castration in men: lessons from the Skoptzy
and the eunuchs of the Chinese and Ottoman courts. J Clin
Endocrinol Metab 84:4324-4331.
DeYoung K. (2001). AIDS challenges religious leaders.
Opposition to condoms is criticized. The Washington
Post, August 13:1.



109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

MORALITY OF STEM CELL RESEARCH

Matshalaga NR and G Powell. (2002). Mass orphanhood
in the era of HIV/AIDS. Br Med J 324:185-186.

Logie D. (1994). Does God want orphans? Br Med J
309:614.

Good RH. (1993). Evolution and religion. Nature 366:
296.

Savulescu J. (1998). Two worlds apart: religion and ethics.
J Med Ethics 24:382-384.

Humber JM. (1996). Bioethics and morality. ] Am Med
Assn 276:1685-1686.

Field J and S Brace. (2004). Pre-social benefits of ex-
tended parental care. Nature 428:650-652.

Fietz J and KH Dausmann. (2003). Costs and potential
benefits of parental care in the nocturnal fat-tailed dwarf
lemur (Cheirogaleus medius). Folia Primatol 74:246-258.
Santos CV and MM Martins. (2000). Parental care in the
buffy-tufted-ear marmoset (Callithrix aurita) in wild and
captive groups. Braz J Biol 60:667-672.

Ueno A and T Matsuzawa. (2004). Food transfer between
chimpanzee mothers and their infants. Primates 45:231-
239.

Levy F, M Keller and P Poindron. (2004). Olfactory reg-
ulation of maternal behavior in mammals. Horm Behav
46:284-302.

Sieratzki JS and B Woll. (1996). Why do mothers cradle
babies on their left? Lancet 347:1746-1748.

Levine S and SG Wiener. (1988). Psychoendocrine as-
pects of mother-infant relationships in nonhuman pri-
mates. Psychoneuroendocrinology 13:143-154.

DeBoer MM and AM Boxer. (1979). Signal functions of
infant facial expression and gaze direction during mother-
infant face-to-face play. Child Dev 50:1215-1218.
Brazelton TB, E Tronick, L Adamson, H Als and S Wise.
(1975). Early mother-infant reciprocity. Ciba Found Symp
33:137-154.

Hagen EH, RB Hames, NM Craig, MT Lauer and ME
Price. (2001). Parental investment and child health in a
Yanomamé village suffering short-term food stress. J
Biosoc Sci 33:503-528. Erratum in: J Biosoc Sci 35:315,
2003.

Garcia-Dorado A. (1990). Some evolutionary properties

125.

126.

127.

128.

129.

130.

131.

132.

133.
134.

135.

136.

137.

138.

of parental investment per offspring in a heterogeneous
environment. J Theor Biol 147:101-114.

Burley N. (1977). Parental investment, mate choice, and
mate quality. Proc Natl Acad Sci USA 74:3476-3479.
Turone F. (2004). New law forces Italian couple with ge-
netic disease to implant all their IVF embryos. Br Med J
328:1334.

Harris J. (1997). Cloning and bioethical thinking. Nature
389:433.

Caulfield T. (2004). Scientific freedom and research
cloning: can a ban be justified? Lancet 364:124—126.
Singh D. (2004). New infectious diseases will continue to
emerge. Br Med J 328:186.

Collins SJ, VA Lawson and CL Masters. (2004). Trans-
missible spongiform encephalopathies. Lancet 363:51-61.
Postgate J. (1996). Science, morality and religion: an es-
say. Sci Eng Ethics 2:9-16.

Rorty R. (2000). Acting fallible. The New York Times,
June 11:10.

Editorial. (1992). Eppur si non muove. Nature 360:2.
Pope Pius XII. (1950). Encyclical letter: Humani Generis.
August 12.

Abbott A. (1996). Papal confession: Darwin was right
about evolution. Nature 383:753.

Stanley A. (2000). Pope asks forgiveness for errors of the
Church over 2,000 years. The New York Times, March
13:1.

Fleck F. (2003). Report predicts 20 million AIDS orphans
in Africa by 2010. Br Med J 327:1245.

Baschetti R. (2003). HIV/AIDS: a time to act. Lancet
361:1300-1301.

Address reprint requests to:

Dr. Riccardo Baschetti

C.P. 382

60001-970 Fortaleza (CE), Brazil

E-mail: baschetti@baydenet.com.br

Received January 1, 2005; accepted January 15, 2005.

247



