
It’s a boy! It’s a girl! These words are
heard in hospital delivery rooms all
over the world, but is our gender as

simple as our anatomy and chromo-
somes? 

People develop an inner sense of being
male or female from a very early age.
However, in cases of gender dysphoria

an individual’s gender identity does not
match their biological sex. 

The most severe form of gender
dysphoria is transsexualism. Very little is
known about the cause of transsexualism,
and possible explanations for such a
strong conflict within an individual have
been quite varied since it was first

described in the 1920s. 
Recent research has identified possible

biological aspects underlying gender.
Being able to provide a biological diag-
nosis would help with understanding and
acceptance in the wider community by
realising that individuals with a gender
identity disorder are not making a radical
lifestyle choice but are biologically hard-
wired as one gender despite physically
appearing to be the other.

Estimates of the prevalence of trans-
sexualism range from 1:2900 to
1:100,000 depending on culture and sex.
In some countries, such as Australia and
the USA, male-to-female transsexualism
can be 2–3 times more prevalent than
female-to-male transsexualism. It is
unknown exactly why this is but it may
be the result of wider social and cultural
acceptance of male-to-female trans sexuals. 

Diagnosis of transsexualism has
become more stringent over time. The
American Psychiatrics Association has
set out four criteria in the Diagnostics
and Statistics Manual IV:
• evidence of a strong and persistent

cross-gender identification, which is
the desire to be, or the insistence that
one is, of the other sex;

• cross-gender identification must not
merely be a desire for any perceived
cultural advantages of being the other
sex – there must also be evidence of
persistent discomfort about one’s
assigned sex or a sense of inappropri-
ateness in the gender role of that sex;

• diagnosis is not made if the individual
has a concurrent physical intersex
condition (e.g. partial androgen insen-
sitivity syndrome or congenital adrenal
hyperplasia); and

• there must be evidence of clinically
significant distress or impairment in
social, occupational or other impor-
tant areas of functioning.
While controversy still surrounds the

fact that transsexualism is classified in
this way, these criteria have provided a
basis for diagnosing individuals who seek

APRIL 2010 | | 31

GendeR Genes
By LAuRen HARe and VIncent HARLey

Genes may determine our biological sex, but some people don’t
identify with their gender. new research has identified genetic
associations responsible for gender identity disorders. 
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further treatment and sex reassignment
surgery while also ensuring that individ-
uals are not misdiagnosed. 

Early research into the cause of trans-
sexualism focused on the belief that it
was a psychological condition. This was
mostly because psychological and socio-
cultural observations were the only expla-
nation available at the time. These
included dysfunctional family dynamics
or traumatic childhood experiences as
possible explanations, but very little
evidence supported these suggestions. 

While research continued along this
path, interest grew into possible biological
explanations. Initial investigations found
a high occurrence of gender dysphoria
within families compared with the relative
rarity of such conditions in the general
population. The  greater co-occurrence
among twin pairs, father–son pairs and
brother–sister pairs provided evidence for
the heritability of gender dysphoria. 

Biomedical research continued, with
a study conducted at the Netherlands
Institute for Brain Research into anatom-
ical differences between male and female
brains finding that a small region of the
brain known as the bed nucleus of the
stria terminus is sexually dimorphic, being
larger in males than in females. When
this region in 10 male-to-female trans-
sexuals was compared with those of non-

transsexual males and females it was
found to be more similar to a female brain
than a male brain. 

In a second study, the response to the
odour of male and female steroids in
male-to-female transsexuals was more
similar to that of women than men,
suggesting more female-like brain reac-
tions to sex specific odours. 

Hormonal differences are also atyp-
ical in male-to-female transsexuals. Males
and females use the same hormones –
androgens and oestrogens – as part of
their sexual differentiation processes, but
altered expression levels of these
hormones may influence the sexual differ-
entiation of the brain. 

Other studies have suggested that sex
steroids influence gender identity.
Female-to-male transsexuality has been
associated with two conditions called
polycystic ovary syndrome and hyperan-
drogenaemia. These conditions result in
excessive secretion of androgens –
hormones more prominent in males –
from the ovaries and adrenal cortex.
Moreover, female subjects with a sexual
development disorder called congenital
adrenal hyperplasia are exposed to high
levels of androgens prenatally and seem
to be at much higher risk of gender iden-
tity disorder than the general population. 

More recently, genetic associations

have been observed in transsexualism.
Aromatase (CYP19), an enzyme that
converts testosterone to oestrogen, has
been implicated in female gender iden-
tity. In one case a chromosomally normal
(46,XX) woman with congenital adrenal
hyperplasia carried a CYP19 mutation,
rendering this gene non-functional. She
was born with phallic enlargement, a
uterus and ovaries, and exhibited a
persistent male gender identity and male
gender role behaviour, such as
“tomboyish” behaviour. 

A significant association has also been
found between female-to-male transsex-
ualism and the CYP17 gene by
researchers at the Medical University of
Vienna, Austria. This gene encodes 17ß-
hydroxylase, an enzyme required in the
early stages of oestrogen synthesis. There-
fore, if this gene is not functioning effec-
tively then androgens wouldn’t be
converted to the necessary oestrogen
precursors and thus androgen levels
would increase in these individuals,
leading to a male gender identity. 

A study conducted in Sweden at the
Karolinska Institute investigated 29
Swedish male-to-female transsexuals and
identified a significant association with
a small DNA repeat in a region of the
oestrogen receptor ß (ERß) gene. This gene
codes a receptor involved in oestrogen
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signalling. 
Researchers at the University of

Virginia suggested that ERß has a defem-
inising role in male brain and behaviour.
This was based on mouse studies in which
this gene had been removed from the
genetic code. Male mice with this gene
removed had significantly higher levels
of female-related behaviour than normal
male mice. 

More recently we have examined
DNA repeats in three genes involved in
the signalling of sex steroids – ERß,
CYP19 and Androgen Receptor (AR). Our
study recruited 112 male-to-female trans-
sexuals, the largest cohort collected to
date. When the repeat lengths of these
three genes were classified as either long
or short based on the median length in
the control population, we found a signif-
icant association between male-to-female
transsexualism and the AR gene. 

Male-to-female transsexuals tended
to have significantly longer AR gene
repeats than non-transsexual males.
Longer repeats in this gene reduce the
ability of the AR protein to bind to its
co-activator, resulting in less effective
testosterone signalling, which at normal
levels is involved in the masculinisation
of the brain during  early development. 

Typically, females lack a gonadal
testosterone surge that occurs during the
sexual differentiation process in males.
So, if this surge does not occur at its usual
levels in males, it is possible that less effec-
tive masculinisation of the brain in these
individuals results in a more female brain,
leading to a female gender identity in an
otherwise typically male body. 

The idea of a role for androgens is
strengthened by recent research into
female-to-male transsexualism. As
mentioned earlier, researchers at the
Medical University of Vienna found that
a DNA change in the CYP17 gene, which
is in the same family as CYP19, was signifi-
cantly associated with the occurrence of
female-to-male transsexualism. On closer
investigation the researchers found that

these individuals also have higher testos-
terone levels in the blood than female
controls.  Thus the effect of under-
masculinisation observed in male-to-female
transsexuals could potentially work in the
converse manner in female-to-male trans-
sexuals through over-masculinisation of
the brain during development. 

Altogether, genetic studies on trans-
sexuals suggest that both androgen and
oestrogen play a role in gender identity.
Single genetic associations found so far
have been significant but weak, and thus
it is highly likely that both male-to-female
and female-to-male transsexualism are
due to multiple genetic and environ-
mental factors. 

It is likely that genes involved in trans-
sexualism are involved in sexual differ-
entiation of the developing brain in both
males and females. However, only a few
have been investigated so far. 

It is also likely that the genetic differ-
ences found will affect a number of
biological processes that, when combined,
result in transsexualism. Hormone
signalling and anatomical differences have
previously been researched on a small
scale with links to transsexualism. 

Further research in larger cohorts is
necessary to confirm and investigate these
differences. The scope of research can
also be expanded using functional brain
imaging and genome-wide DNA analysis
to gain a better picture of the processes
that result in a transsexual identity in
these individuals. 

The possibility of understanding the
molecular basis of gender identity is
exciting and significant. Such findings
would help not just the transsexual
community to  better understand their
condition but also aid in sex reassignment
decisions in children born with disorders
of sex development, such as ambiguous
genitalia, as well as other conditions asso-
ciated with gender identity. 
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