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H-Y Antigen and Homosexuality in Men
R B*  P K
Department of Psychiatry, University of Toronto and the Clarke Institute of Psychiatry,
Toronto, Ontario, Canada
(Received on 29 July 1996, Accepted in revised form on 18 November 1996)

In men, sexual orientation correlates with the number of older brothers, each additional older brother
increasing the odds of homosexuality by approximately 33%. It is hypothesized that this fraternal birth
order effect reflects the progressive immunization of some mothers to Y-linked minor histocompatibility
antigens (H-Y antigen) by each succeeding male fetus, and the concomitantly increasing effects of H-Y
antibodies on the sexual differentiation of the brain in each succeeding male fetus. This hypothesis is
consistent with a variety of evidence, including the apparent irrelevance of older sisters to the sexual
orientation of later-born males, the probable involvement of H-Y antigen in the development of
sex-typical traits, and the detrimental effects of immunization of female mice to H-Y antigen on the
reproductive performance of subsequent male offspring.
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Introduction
There is now substantial evidence that sexual
orientation in men is correlated with birth order, later
births being associated with an increased likelihood of
homosexuality (Slater, 1962; Hare & Moran, 1979;
Blanchard & Sheridan, 1992; Blanchard & Zucker,
1994; Zucker & Blanchard, 1994; Blanchard et al.,
1995, 1996; Blanchard & Bogaert, 1996a, b). This
relation has been demonstrated in subjects examined
in recent years and subjects examined decades ago, in
groups collected in England, The Netherlands,
Canada, and the United States, in psychiatric patients
and in non-patient volunteers, in subjects examined in
adulthood and subjects examined in childhood, and in
men who wish they were women as well as men
contented with their male role and anatomy. The
collective evidence, therefore, suggests that a high
birth order is associated with homosexuality in men,
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regardless of their other cultural, demographic, or
psychological characteristics.
Two recent studies have investigated whether
sexual orientation is primarily correlated with a man’s
number of older brothers or with his number of older
siblings regardless of sex (Blanchard & Bogaert,
1996a, b). Their findings indicate that sexual orientation is primarily correlated with the number of older
brothers. In the one study that attempted to quantify
this effect, each additional older brother increased the
odds of homosexuality by approximately 33%
(Blanchard & Bogaert, 1996a). Both studies found
that a man’s number of older sisters does not correlate
with his sexual orientation, once his number of older
brothers has been taken into account. These results
restrict the range of possible theories of the birth
order effect to those that can explain not only why
older brothers increase the odds of homosexuality in
later-born males but also why older sisters neither
enhance this effect nor counteract it.
A possible immunologic explanation of the birth
order effect—perhaps better called the fraternal birth
order effect—was noted by Blanchard & Bogaert
(1996a), but with little accompanying rationale. The
present article was therefore written to summarize the
7 1997 Academic Press Limited
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various arguments and lines of indirect evidence that
support this hypothesis.
The Maternal Immune Hypothesis
Blanchard & Bogaert (1996a) proposed that the
fraternal birth order effect might involve a maternal
immune reaction that is provoked only by male
fetuses, and that becomes stronger after each
pregnancy with a male fetus. They further theorized
that the relevant fetal antigen might be one of
the male-specific, Y-linked, minor histocompatibility
antigens, often referred to collectively as H-Y antigen
(e.g., Wolf et al., 1992).
There appear to be at least three distinct
male-specific antigenic systems (Müller, 1996). The
first is recognized by transplantation assays (or assays
that correlate with transplantation such as the
cytotoxic T cell assay), and the second is detected
serologically. The gene controlling the expression of
transplantation H-Y antigen is located, in humans,
on the long arm of the Y chromosome, and that
controlling the expression of serological H-Y antigen
resides on the short arm of the Y chromosome. The
third form of H-Y antigen (‘‘soluble H-Y’’) has been
shown to be identical to anti-Müllerian hormone (also
called Müllerian-inhibiting substance), the testicular
factor responsible for prenatal regression of the
Müllerian ducts in male embryos. With the exception
of soluble H-Y, the specific functions of H-Y antigen
have not been established. One possible clue comes
from recent research suggesting that the protein from
which one H-Y antigen is derived may be a
transcription factor, activating or repressing the
expression of other genes (Scott et al., 1995; Wang
et al., 1995).
H-Y antigen almost certainly has some role or roles
in the sexual differentiation of vertebrates (Wachtel,
1983), because it is usually present in the heterogametic and absent in the homogametic sex—in
mammals, present in males and absent in females—
and because it has been highly conserved throughout
vertebrate evolution (Wachtel et al., 1975; Nakamura
et al., 1987). The possible involvement of H-Y antigen
in the development of sex-typical traits suggests that
fetal exposure to H-Y antibodies could affect
subsequent sexual behavior in men.
Because H-Y antigen is expressed by male fetuses
but not by female fetuses, a woman’s immune system
would be able to ‘‘remember’’ the number of male
(but not female) fetuses that she has previously
carried and to progressively alter its response to the
next fetus according to the current tally of preceding
males. Thus, this hypothesis can explain why the odds

of homosexuality are increased by each additional
older brother, but are not affected in any way by an
individual’s number of older sisters (Blanchard &
Bogaert, 1996a).
Clinical and Experimental Evidence of Maternal
Response to H-Y Antigen
However well H-Y antigen might fit the requirements of the immune theory, it cannot be relevant
unless the immune systems of pregnant females
recognize and react to it. Animal research has clearly
established that the maternal immune system does
respond to fetal H-Y antigen (Silvers, 1968; Smith &
Powell, 1977; Uphoff, 1974; Haughton et al., 1979;
Krupen-Brown & Wachtel, 1979; Shalev, 1980), as
evidenced by either immunization or tolerance,
depending on the experimental procedure and
sometimes on the individual subject.
H-Y antigen has been hypothesized as the reason
for a variety of empirical evidence that male fetuses
are more antigenic to human mothers than are female
fetuses and more likely to provoke maternal immune
reactions. Epidemiological evidence suggesting
greater male antigenicity, including the observation
that male fetuses are more likely than female fetuses
to initiate maternal Rh immunization, has previously
been reviewed by Gualtieri & Hicks (1985). Another
line of evidence is higher levels of antibodies,
presumably of maternal origin, in the sera of male
fetuses or their mothers (Johansen et al., 1974; Farber
et al., 1981; Avrech et al., 1994). These findings are
consistent with in vitro research with mixed motherchild lymphocyte cultures, showing that maternal
immune response is greater to stimulating cells from
male than from female children (Komlos et al., 1989,
1990). In all of the foregoing reports, direct or indirect
effects of H-Y antigen were advanced as possible
explanations of the observed differences.
The Possibility of Selective Action of H-Y Antibodies
If maternal H-Y antibodies influence future sexual
orientation by acting on the fetus, they most likely do
so by diverting the sexual differentiation of the fetal
brain from the male-typical pathway. This idea is
supported by the findings of relevant neuroanatomical studies. One postmortem study has shown that, in
homosexual men, a sex-dimorphic interstitial nucleus
of the anterior hypothalamus, INAH3, is shifted in
size toward the range typical for women (LeVay,
1991); and another postmortem study of the brain has
yielded similar results for the anterior commissure
(Allen & Gorski, 1992).
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The fetal brain is potentially accessible to H-Y
antibodies because the blood-brain barrier is not
completely developed during prenatal life. Therefore,
the plausibility of the maternal immune hypothesis
rests on the answers to two questions: (1) how likely
is it that brain tissue would be a target of H-Y
antibodies; and (2) could H-Y antibodies affect sexual
differentiation in the brain without affecting differentiation in other sex-dimorphic organs, in particular,
the genitalia?
The first question pertains to the matter of tissue
localization. H-Y antigen is expressed on most or all
cell types in males, but not to the same extent on all
types (Koo, 1981). It appears to be most strongly
represented on the surfaces of brain cells (Schachner
& Hämmerling, 1974), epidermal cells (Scheid et al.,
1972), and gonadal cells, including sperm cells
(Goldberg et al., 1971; Koo & Goldberg, 1978;
Zaborski, 1979).
The presence of H-Y antigen on epidermal and
sperm cells as well as brain cells does not necessarily
contradict the pattern of tissue distribution required
by the hypothesis. The vulnerability of sperm cells to
H-Y antibodies is of uncertain relevance here, because
mature sperm are not produced by the fetus. The
expression of H-Y antigen in epidermal cells is also
reconcilable with the notion that H-Y antibodies
could exert their greatest effect on brain development.
It is possible that a critical role of H-Y antigen is in
the sexual differentiation of the brain, that it performs
no important function in epidermal tissue, and that it
is relatively abundant in epidermal tissue merely
because skin and brain are both ectodermal
derivatives. If that is the case, prenatal exposure to
H-Y antibodies might have little effect on skin
development. Thus, data regarding the tissue
distribution of H-Y antigen are compatible with the
notion that H-Y antibodies could have a selective
effect on brain tissue. It should be noted that there are
some contradictory data regarding the expression of
H-Y antigen by brain cells (Johnson et al., 1981);
however, this could be attributed to technical
differences in the assays employed, because tests for
H-Y antigen have proven very difficult (Wachtel,
1983).
The second question was whether H-Y antibodies
could be present in sufficient quantities to affect the
sexual differentiation of the fetal brain, without also
affecting the development of the genitalia. In mice,
testes can develop in the complete absence of H-Y
antigen (McLaren et al., 1984). It is therefore
plausible that the genitalia could develop normally in
human males whose H-Y antigen is only partly bound
by H-Y antibodies.
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Even if the maternal immune hypothesis is correct,
the actual mechanism by which H-Y antibodies affect
the sexual differentiation of the brain would remain
to be clarified. One possibility is suggested by the
previously mentioned evidence that H-Y antigen
might be a transcription factor (Scott et al., 1995;
Wang et al., 1995). In that case, H-Y antibodies might
decrease the ability of H-Y antigen to perform its
usual function. Another possibility is that H-Y
antibodies interfere with the customary organizational role of some sex hormone, perhaps by
producing an exaggerated version of that hormone’s
usual effect, with paradoxical consequences. Evidence
that relatively specific immunohormonal interaction
might occur comes from a study by Flaherty et al.
(1979). These authors found that cell surface changes
involving H-Y and components of the major
histocompatibility complex are induced in the
presence of H-Y antibody (Flaherty et al., 1979). This
may be physiologically relevant because testosterone
but not estradiol induces the same changes. Any
changes involving the major histocompatibility
complex at the cell surface would have profound
effects on embryonic development.
Sex Ratios of Offspring of Immunized Mothers and
Sibling Sex Ratios of Homosexual Men
Other data relevant to the maternal immune
hypothesis include the finding that the ratio of males
to females in the sibships of homosexual men matches
population norms or significantly exceeds them.
This finding is congruent with the known effects of
maternal immunization to H-Y on the sex ratio of
live-born offspring.
In white populations, the ratio of male live births
to female live births is close to 106:100 (James, 1987;
Chahnazarian, 1988). The ratio of brothers to sisters
reported by any group of men drawn at random from
the general population should therefore approach 106
(brothers per 100 sisters). Studies of homosexual
males recruited without regard to psychological
masculinity-femininity have found sibling sex ratios
ranging from 98 to 126 (Jensch, 1941; Kallmann,
1952; Slater, 1958; Lang, 1960; Blanchard & Zucker,
1994; Zucker & Blanchard, 1994; Blanchard &
Bogaert, 1996a, b). Studies of extremely feminine
homosexual or prehomosexual males have produced
markedly elevated ratios ranging from 131 to 157
(Jensch, 1941; Blanchard & Sheridan, 1992; Blanchard et al., 1995, 1996; Zucker et al., in press). It is
unclear at this point whether the pattern of highest
sibling sex ratios for the most feminine homosexuals
is meaningful or fortuitous.
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The finding that the sibling sex ratio of homosexual
men matches or exceeds the expected value is
consistent with two lines of evidence suggesting that
maternal immune reactions to H-Y antigen either
have no effect on the sex ratio of live-born offspring
or else increase the proportion of males. Laboratory
studies have shown that immunization of female mice
to H-Y antigen does not affect the male:female sex
ratio of their offspring (McLaren, 1962; Lappé &
Schalk, 1971; Shalev et al., 1980; Hings & Billingham,
1984) and that immunization plus removal of the
spleen, an organ that can dampen immune responses
to H-Y antigen (Streilein & Wiesner, 1977), actually
increases the sex ratio (Lappé & Schalk, 1971; Shalev
et al., 1980; Hings & Billingham, 1984).
The second line of evidence is research on human
births relevant to the hypothesis that maternal
immune reactions to H-Y antigen may affect the
probability of implantation of male zygotes, and that
this effect will be seen most clearly when mother and
zygote are relatively compatible regarding autosomal
antigens (Kirby et al., 1967). This research similarly
suggests that immune reactions to H-Y either have no
effect on the sex ratio at birth (Kilpatrick, 1987;
Clayton et al., 1988) or else increase the proportion
of males delivered (Ober et al., 1985; Radvany et al.,
1987). Thus, the elevated sex ratios sometimes
observed in the sibships of homosexual men could
also be explained as the result of maternal
immunization to H-Y antigen.
Birth Order in Homosexual Females
The maternal immune hypothesis applies only to
male homosexuality, but the epidemiology of female
homosexuality also bears on it. The hypothesis does
not predict a high mean birth order for homosexual
females, because female fetuses do not produce H-Y
antigen and they would not be targets of H-Y
antibodies. Therefore, a finding that homosexual
females also have a high mean birth order would cast
doubt on the immune hypothesis, suggesting instead
some psychosocial mechanism that operates in the
same way for males and females. In general, the
published studies of birth order in homosexual
females have been carried out on smaller samples
than the studies of males, and they are otherwise
methodologically less satisfactory. What data exist,
however, show no evidence of any consistent trend
toward later births for homosexual women. Saghir &
Robins (1973) found a tendency for homosexual
women to be born early in their sibships, Slater (1962)
found a tendency for them to be born late, and
Blanchard & Sheridan (1992) and Hare & Moran

(1979) found neither. Thus, the epidemiology of
female homosexuality is consistent with the hypothesis that the high birth order of homosexual males
reflects a maternal immune reaction that is provoked
only by males and affects only males.
Animal Research
Finally, the only relevant animal study known to us
supports the notion that exposure to H-Y antibodies
in utero could affect subsequent sexual behavior in
males. Singh & Verma (1987) immunized two groups
of female mice to H-Y antigen by injecting them
intraperitoneally with male spleen cells. One group
was from an inbred and one from an outbred strain.
Two groups of female control mice from the same
strains were injected with saline solution. All four
groups were then allowed to mate and give birth to
their litters. When the male pups from these litters
had grown to maturity, the investigators studied their
reproductive performance. Only 10% of the males
born to the immunized females ‘‘performed successful
mating’’ (p. 151), compared with 100% of the males
born to the control females; these percentages were
the same for the inbred and the outbred animals.
Singh & Verma did not, unfortunately, give any
further description of the ‘‘very poor reproductive
performance’’ (p. 151) of the sons of immunized
mothers; this could represent a lack of interest in
estrous females, or incompetence at mounting in the
correct position, or a failure to thrust a sufficient
number of times to ejaculate. The behavioral deficit
appears to have been somewhat independent of
gonadal abnormalities; the inbred males were
described as nearly sterile but the outbred males were
not.
Multiple Determinants of Sexual Orientation
The foregoing argumentation is not meant to imply
that maternal immune responses are the only cause of
homosexuality in men. There are almost certainly
multiple influences on sexual orientation, including
genetic inheritance (Hamer et al., 1993; Hu et al.,
1995) and possibly endocrinologic events in utero. If
the maternal immune hypothesis is true, H-Y
antibodies would simply be one more factor.
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Ĺ, M. & S, J. (1971). Necessity of the spleen for balanced
secondary sex ratios following maternal immunization with male
antigen. Transplantation 11, 491–495.
LV, S. (1991). A difference in hypothalamic structure between
heterosexual and homosexual men. Science 253, 1034–1037.
ML, A. (1962). Does maternal immunity to male antigen
affect the sex ratio of the young? Nature 195, 1323–1324.
ML, A., S, E., T, K., C, P. & H,
H. (1984). Male sexual differentiation in mice lacking H-Y
antigen. Nature 312, 552–555.
M̈, U. (1996). H-Y antigens. Hum. Genet. 97, 701–704.
N, D., W, S. S., L, V. & B , W. (1987). On
the evolution of sex determination. Proc. R. Soc. Lond. 232,
159–180.
O, C., S, J. L. & R, R. (1985). Increased
male-to-female sex ratio among HLA-DR compatible pregnancies. Lancet i, 761.
R, R. M., V, N., O, C., P, K. M. & H, F.
(1987). The human sex ratio: increase in first-born males to
parents with shared HLA-DR antigens. Tissue Antigens 29,
34–42.
S, M. T. & R, E. (1973). Male and Female Homosexuality: A Comprehensive Investigation. Baltimore: Williams &
Wilkins.
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