
   Most of our information on the Neurobiology 
of sex comes from animal studies (Becker et 
al., 2005), but nearly all of what we know 
about variations in human sexuality, 
including hetero- and homo-sexuality, and 
disorders of gender identity (transsexualism) 
comes from clinical material, anecdotes or 
even fiction (the three overlap). 

   Herbert, J.,   (Brain, 2008) 
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  The Neurobiological Hypothesis: 
!   Fetal Androgen exposure plays a role in the sex-

differentiated behavior of pre-school boys and girls. 
!   Testosterone is converted to Dihydrotestosterone  

and Estradiol in the Human Brain. The fetal brain’s 
androgen receptors are altered genetically to receive 
more or less Testosterone.  

!   Gender Identity must be differentiated from Behavior 
!   The emerging child will have Transgender “thinking” 

and make Transgender behavioral choices depending 
on their masculine, feminine or transgender brain. 

!   Endocrine Disruptor Chemicals may be responsible for 
Transsexualism, i.e. Transgenderism 



The Neurobiological Evidence for 
Transgenderism


Definitions: Gender Identity, Transgenderism & Dysphoria


The Human Brain: Masculinization & Feminization


Human Scientific Research:  functional MRI & Genetics


Biology of the Human Hormonal Brain: Embryonic to 
Adult


Biology of Human Genetics: The Androgen Receptor Gene


The Case for Human Maternal Endocrine Disruptors

    Conclusion: TRANS-GENDER IDENTITY IS INNATE


For those who believe, no proof is necessary.  
For those who don’t believe, no proof is possible.  
Stuart Chase, 1888 



BRAIN GENDER IDENTITY 

“Cogito, Ergo Sum” 
I think therefore I am ! 

      Descartes (1596–1650) 

I think, therefore I am a woman, or a man,  
or a transperson 



 Gender Identity  is that sense of who 
you are in this world with reference to 
your sexuality (not sexual orientation) and 
behavior.  It does not necessarily 
correspond to your genitalia and 
reproductive organs.  Transgenders have 
the opposite gender of their biological sex. 
TRANSGENDERISM is universal with many 
variant expressions of the opposite sex. 



   Certain areas of the human brain have been 
shown to be sexually dimorphic .  That 
means that these areas are different in 
volume, structure and numbers of neurons in 
males, females, & MTFs 
"  Bed nucleus of Stria Terminalis central (BSTc) 
   (Kruijver, 2000) & (Zhou, 1995) MTFs ~ Fems 
"  Interstitial nucleus of the anterior hypothalamus 

(INAH3) (Garcia-Falgueras, 2008)  MTFs ~ Fems 
"  Amygdala & Hippocampus, FTM (Neufang, 2009) 
"  Corpus Callosum-(Hwang 2004) & (Yokota 2005) 
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Premise :  
#   Men and Women “think” and converse differently. 

“Men are from Mars, Women are from Venus”. 
Stereotypical. 

      (Gray, 1990)  &  (Tannen, 1990) 

!  Not all “Men are From Mars” and not all “Women 
are From Venus”. Men and women are more alike 
than different. Differences in empathy & 
comforting are only 2-3% 

      (MacGeorge, 2004)   

Transgenders (TGs) are somewhere in between and 
“think” as the opposite gender.  Scientifically 

described as: 
“GENDER ATYPICAL” 



Given :  
   Dr. Cohen-Ketternis showed a cognitive 

pattern in 44 pre-hormonal male-to-
females (MTFs) which was closest to 
female control responses in listening, 
verbal memory, and spatial ability testing.  
34 female-to-males (FTMs) approached 
male controls in the majority of tests. All 
transsexuals (TSs) showed a pattern of 
performance away  from their biological 
sex. (Cohen-Kettenis, 1998) 



Given :  
 Van Goozen showed androgens in 
FTMs improved mental rotations tasks 
with decreasing performance on 
verbal fluency test, whereas anti-
androgens and estrogens in MTFs 
increased verbal fluency.  No precise 
mechanism described. 

   (van Goozen, 2002) 



Given :  
   Sommer using Functional MRI in 8 MTFs 

and 6 FTMs showed that language 
activation increased after hormone 
replacement therapy (HRT) in both 
groups.  Humans usually use their left 
brain for language and right brain for 
spatial functions.  Cerebral Lateralization 
which was variant in the TSs before 
hormonal treatment did not change after 
treatment.  (Sommer, 2008) 



Given :  

 Berglund of the Karolinska Institute 
Sweden has shown that untreated MTFs 
show Sex-Atypical Hypothalamus 
activation when smelling odorous Sex 
Steroids (Pheromones).  (Berglund, 2008) 



 Using PET Scans superimposed on MRIs in 
12 non-homosexual MTFs, when smelling 
androgen-like (AND) steroids, estrogen-
like (EST) steroids, and Other Odors (OO), 
the hypothalamic areas of the brain that 
are activated are “gender atypical” when 
compared to heterosexual Men (HeM) and 
Women (HeW) controls. With (AND)rogen 
steroids, the hypothalamus, amygdala, 
and insular and cingulate cortexes are 
activated in MTFs and HeW, but not in 
HeM. (Berglund, 2008) 





 CONCLUSION: 
 Accumulating human brain evidence lends 
credence to what all TransGenders know. 
"  Transgenders are born to “think” as male and 

female, they are neither solely, but both. 
(Sidney Ecker, M.D.) 

"  Nature loves variety. Unfortunately, society 
doesn’t. (Milton Diamond, Ph.D.) 



Premise :   
 Gender Identity originates in the Brain 

#   In TransGenders the normal sex 
differentiation of certain hypothalamic 
networks is altered by cerebral 
programming in utero before ever taking 
their first breath.  



Given:  
 The major hormones  responsible for 
secondary sexual characteristics originate 
in the gonads : testosterone (T) in the 
testes and estradiol (E2) in the ovaries.  
They are also produced in smaller 
quantities in other organs (liver, adrenals, 
brain , placenta). Men and women 
produce both  testosterone and estradiol, 
expressing different ratios externally. 



  Sex Hormone Steroid Synthesis: 
   Cholesterol  to Pregneneolone to 
#   Progesterone  to 17 alpha Hydroxyprogesterone 
#   Androstenedione  to Testosterone 
#   Testosterone  to DihydroTestosterone  (DHT)    

 via the enzyme, 5 alpha Reductase or 
#   Testosterone (T) to  
#   Estradiol  (E2) via the enzyme,  Aromatase  
   Fetal Testosterone  from amniocentesis is 

associated with sex differentiated play behavior in 
pre-school boys and girls. (Auyeung, 2009) 



Given :  
•  The Anterior Pituitary  (in the center of 

the brain) controls the release of these 
hormones by secreting Luteinizing 
Hormone  (LH) and Follicle-
Stimulating Hormone  (FSH). 

•  The Hypothalamus  through 
Gonadotropin Releasing Hormone  
(GnRH) regulates anterior pituitary 
activity from the 8th fetal week in 
humans.  



T, E2 , Cortisol 

FEEDBACK 



Beyond the Dichotomy of M and F 
Human Sex Chromosome Variation 

XX & XY 
XXY & XY/XXY  
XXX & XXXX  
XXXY & XXYY 
XXXXY & XYY  
XXXXX & XO 



   3,000 -

 4,000 
GENES


100  GENES








AR GENE (X q11-12) AND AR PROTEIN  




Polymorphisms in Human  
 Hormone Receptor Genes 

#  Androgen Receptor (AR) gene Exon 1 CAG 
(Glutamine) has 9-32 base pair repeats 
"  Caucasian males average 22 bp repeats 
"  Shorter length, < 22 bp, associated with 
        > T binding & Prostate Cancer 
"  Longer length, > 40 bp, associated with 

Neuro-Muscular atrophy 
"  Inverse ratio:  The longer the CAG repeats / 

the less Testosterone binding in Humans 
   (Kazemi-Esfarjani, 1995) 



Polymorphisms in Human  
Hormone Receptor Genes 

#   Long CAG repeats show increased odds of 
being TS > for men carrying a long AR 
repeat. (29 MTFs) (Henningsson, 2005)  

#  AR CAG Repeat lengths in MTFs (112) to 
be significantly longer than control males 
(258). Less T Binding (Hare, 2008)  

#   ER-beta gene intron 4 CA repeats are 
longer and more common in MTFs  

#  CYP 17 gene associated with FTMs  
(Bentz, 2008)  



Given :  
 There are proven examples of Gender 
Identity Reversal in spite of hormones.  

 Some Disorders of Sexual Development 
(DSD or Intersex) have resulted from 
single base pair  substitutions in specific 
genes.  These are called SNPs, single 
nucleotide (protein) polymorphisms .  

   A single Point mutation of a single gene 
has resulted in Sex Reversal of Genitalia.  



Androgen Insensitivity Syndrome 
#  Complete AIS 

"  Over 200 AR gene mutations identified 
"  Incidence:  1/ 20,000 male births – Denmark 
"  Inheritance: X-linked recessive 
"  Sex Chromosomes: XY 
"  Sex Reversal: MTF at birth 

#   External Phenotype: Female 100% 
#   Internal Sex organs: Testes undescended 
#   Increased Testosterone secretion  
#  No uterus, ovaries or tubes 

"  Gender Identity: Female – 100% 



Androgen Insensitivity Syndrome 
#   Partial AIS 

"  Over 600 AR mutations 
"  Phenotypes: Ambiguous, male or female 

#  Mild AIS  
"  Under virilized, fertile or infertile male 
"  Phenotype - Male  
"  TransGender to Transsexual ? 



Gender Dysphoria -Discontent with Born sex 
Most DSDs are NOT gender dysphoric 
"  Complete Androgen Insensitivity Sx  

#   46 XY, inactive ARs 
#   100% identify as F  
#   Brain  distribution  of ARs is male , but with 

unresponsive  ARs, identity  is female .  

"  Partial AIS 
#   91% identify as F 

"  Mutations of the AR gene (Xq11-12) in CAIS  
and pAIS  not allowing brain 
masculinization by Testosterone  



Mechanisms of Human Hormonal Receptors 

Sajjad & Quenby (2004). 
Immunohistochemical Localization of 
Androgen receptors in the urogenital 
tracts of human embryos. Reproduction,  
vol.128, pp.331-339. 



#  Using 55 human 8-12 week embryos 
#   They dissected out the pelvis and stained 

for AR expression 
#   Polymerase Chain Rx determined XX or XY. 
#   They found ARs in male and female 

embryos at 9-12 weeks “equally” in the 
urogenital sinus and genital tubercle, which 
give rise to the bladder, urethra and 
phallus. Staining decreased with time. 



#  Strong AR  expression in the Mesonephric 
Duct, which gives rise to the Male testes, 
epididymus, and Phallus,  

#  No AR  expression in the Paramesonephric 
Duct area, which gives rise to the Female 
internal organs, uterus, ovaries and tubes  

#   They did not stain for ERs or Aromatase, 
although they knew Estradiol was required 
for future genital differentiation.  

   (Sajjad, 2004) 



The Human Embryonic Brain 

Premise :  
 Brain Formation is a lifelong process called 
Neuro-Plasticity 

Given :  
 The human brain  initially develops in stages.  
The first stage is a 4 week period from Day 26 
to 56, Week 4-8 .  

 The hypothalamic-pituitary-gonadal axis is 
fully functional  in the Brain  

   before Testes or Ovaries  are formed. 



Given :  
#   Human GONADAL  differentiation occurs from   

 weeks 8-12  . Testes begin T production. 
#   AFTER THE INITIAL BRAIN IS FORMED.   
#   Fetal T  is secreted in males from weeks 8-24, 

with peak  at 14-16 weeks  and rises again 
from age 1-3 months to decline at 6 months to 
remain low until puberty. Females do not surge. 

#   POINT : The hormone receptors in the brain and 
uro-genital sinus must already be in place to 
receive testosterone or estradiol for 
differentiation of the brain and genitalia. 



Given :  
 Hormone  receptors  have been identified 
in human brain & human brain cultures 
which are responsible for sexually 
dimorphic brain differentiation in the 
hypothalamus, hippocampus and cortex. 

   (Carrer, 2002) 
   (Kruijver, 2003) 
   (Fried, 2004) 
   (Bezdickova, 2007) 



Given :  
 Protein Receptors for the sex hormones in 
different areas of the brain (limbic and 
anterior hypothalamic) must be present in 
sufficient numbers to receive those 
powerful hormones.  



   Given :  
!  There are androgen receptors (AR), 

Estrogen Receptors (ER), and 
Progesterone receptors (PRs). 

!  ARs or  ERs are predominant at different 
times in different parts of the brain.  

!  In Human brains T is converted to DHT by 
5 alpha reductase  or  more often to E2 
(estradiol) by aromatase (CYP19) . 

   (Lin, 2007)  



CONCLUSION :  
 The ground work in brain gender identity 
is gene-directed and takes place by 
forming male and female hormone 
receptors in the brain before the gonads 
and hormones can influence them. 

 Some parts of the brain  can therefore be 
defined as masculine or feminine 



Premise :   
 Human Brain Gender Identity is 
independent of Biological Sexual Identity 
and Behavior 



"  Congenital Adrenal Hyperplasia  
"     21 Hydroxylase Deficiency, 95% cases 

#  46 XX with Male Phenotype & > Fetal T 
#  95% Identify as Female   
#  pre-dominance of ERs > ARs are not 

affected despite maximal androgen bathing 
#  There is the normal female brain ratio of 

ERs>ARs because the mutation of gene 
CYP21(6q21.3) does not affect AR 
distribution or activity,  but allows ARs in 
external genitalia to receive Adrenal 
Testosterone . Males undetected til age 3 



Other DSDs  with Gene mutations  
"  Mutations of the 5-alpha reductase gene, 

SRD5A2 (5p15), which codes for the enzyme 
that converts T to active DiHydroTestosterone  

"  SRD5A2 absence 
#   46XY 
#   Phenotype-female at birth               

`Virilize at  puberty 
#   100% raised as female  
#   63% Identify as male after puberty 
#   low T  and absent DHT  



Given :  
 Genes  have been found for certain 
behaviors  such as depression, bipolar 
mania, schizophrenia and addiction. We 
may be predisposed, but require the 
interaction of our environment to develop 
these behaviors.  

   Gender behaviors  must be 
   differentiated from gender identity .  

(Hines) 



Given :  
 Gender differences are present at birth 
and the psychology literature is replete 
with studies. Transgender children as 
young as 3 years old can tell you they 
identify with the opposite sex.  Most 
Transgenders know from their earliest 
memories their desires of the opposite 
sex. Gender  Identity  cannot  be 
predicted from anatomy . (Reiner, 2005) 



Given :  
 The human brain continues to make 
neurons and synaptic neuronal connections 
throughout life. We call that learning, 
memory, communication, etc. This 
contributes to our Gender Role 
Behaviors , making us individuals  in the 
continuum  of gender identity. Gender 
Role Reversal  seen today.  Gender 
Identity is Innate  and not a choice. We 
may choose  our behavioral expressions of 
our identity, but not our Gender Identity .  



Conclusion :  
 Brain gender identity is determined very 
early in fetal development, but gender 
expression,  expressed as behaviors  
requires hormonal, environmental, social 
and cultural interactions which evolve with 
time.  



Premise :  
 Endocrine disruptor  chemicals (EDCs) 
present in our environment affect             
gender identity 

Environmental Estrogens and Androgens affect fish 
and amphibians in nature producing sex 
reversal. Phthalates, phenols, and dioxins, 
among others, produce sexual behavior reversal 
in animals. 



Given :  
 EDCs have been shown to modulate 
hormonal receptors. Evidence of estrogen 
and androgen receptor  interference  by 
phenols has been shown in mice. 



Given :  
!   Maternal Estradiol from the Placenta  

crosses the Blood Brain Barrier as Free 
Estradiol or Estradiol Sulfate.  

!   DES, DiEthylStilbesterol, an Estrogen  
competitor  and endocrine disruptor 
crosses the Blood Brain Barrier  in mice 
and was widely used from ‘40s to ‘70s to 
maintain human pregnancies. 



Given :  
 Transsexualism  has been correlated 
with DES, Dilantin and Barbituate 
exposure during pregnancy.  TSs  have 
normal genitalia and reproductive 
capability while having cross-brain gender 
identity. How is that possible? 



 Given :   
 Small doses of endocrine disruptors may 
disrupt  the brain hormonal axis  at a 
critical time without  disrupting the 
reproductive axis . This has been shown 
in mice exposed to DES in-utero.    

   (Warita, 2006) 



My HYPOTHESIS: 

#   If Hormone receptor proteins are gene directed 
early in fetal development resulting in 
variations  of Brain hormonal receptors and 
binding activity as seen in CAIS & pAIS   

#   Then Cross-gender  identity  may result from 
modulation of these brain hormonal receptors by 
maternal hormones or exogenous endocrine 
disruptors  affecting the distribution  ratio and 
expression  of brain hormonal receptors before 
gonadal hormonal  stimulation takes place in 
fetal development.  



Conclusion :  
 One cannot deny the profound effects of 
T, E2 and other steroids on genital 
differentiation in-utero or their effects on 
behavior from birth or the physical and 
mental cross gender changes caused by 
exogenous hormones. But identity  is 
determined before  and persists  in 
spite of these effects.  



 What Transgenders  see Ð  

 genitalia & behavior 
is NOT  

  What Transgenders  believe  – 
 Gender Identity  



HOW TO CONFIRM MY HYPOTHESIS: 

   Conduct a study similar to Sajjad & Quenby 
of ARs and ERs in the  BASE OF THE BRAIN 
OF 4-8 WEEK HUMAN EMBRYOS ?  

Real Discovery is not in seeking new 
landscapes but in having new eyes. 
      - Marcel Proust   


