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Pope Joan: A Recognizable Syndrome*

Maria I. New and ElizabethS. Kitzinger,

JCEM 1993
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Baubo:a Case of Ambiguous Genitalia in the Eleusinian Mysteries
Neoklis A. Georgopoulos, George A. Vagenakis, Apostolos L. Pierris
Hormones 2003
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Masculinization of the brain
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Testosterone masculinizes and defeminfze_-s
rat brain
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Estrogens are required for female
typical brain and behavioral
sexual differentiation

Aromatase Knock out mice

E Intromissions

Bakker J. Neuroendocrinology 2007
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Brain Sexual Differentiation
Multisignaling process

Brain development I Adult brain | Behavior
(Female
o
(Male
ORGANIZATIONAL ACTIVATIONAL
ACTTIONS ACTIONS
NEUROACTIVE STEROIDS NEURAL and ENDOCRINE
Neurotrophic Factors CONDITIONS
Neurotransmitters Second

Messenger Pathways Cross-Talks Endocrine Disruptors |
Dick F. Swaab 2004



Central Metabolism of Sex
Steroids

TESTOSTERONE frontal cortex
diencephalon
CNS hippocampus
S5a-reductase
Aromatase amygdala

bed nucleus of the
stria terminalis

hypothalamus

DITHYDROTESTOSTERONE ESTRADIOL

AR ER(I- Simpson ER. et al, 1937
Maclusky NJ, J Neuroscience, :
= I Gustafsson JA , 2008
3a-HSD

NON Genomic Signals
3(1_DIOL GABA-A Receptors

ERrp



The Brain as a Target Tissue
for Sex Steroids

CNS Sexual Dimorphism

FUNCTIONAL SEX

STRUCTURAL SEX

DIFFERENCES ,
. DIFFERENCES

* Ers, PRs, ARs R

different * Different neuronal

subpopulations in

expression in brain
brain areas

areas
* ER polymorphisms

* Enzyme induction
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Goto et al, 2011




Sexually dimorphic nuclel - Hypothalamus
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The Limbic System

atria supracallosg
Corpus Callosum
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BST Bed nucleus of
the Stria Terminalis
Males : increased
size and number of

neurons



Males : Spherical vs
Elongated in Females

Hypothalamus

Thalamus

Suprachiasmatic Nucleus




females




Sex differences in androgen receptors (AR) of the
human mamillary bodies: differences in circulating
levels of androgens

A: Heterosexual man
B: Heterosexual woman
C: Homosexual man

D: Woman with high levels of
androgens

L
E
G
E
N
D

Conclusions:
1. Sex difference in the nuclear AR
Immunoreactivity between A and B.
2. No difference in the intensity of AR

staining between A, C and D.

Kruijver et al, 2001




Sex differences in androgen receptors (AR) of the
human mamillary bodies: differences in circulating
levels of androgens

L

A: Non-castrated male-to-female =z
transsexual G

B: Castrated male-to-female E
transsexual g

Conclusions:
Sex difference in the nuclear AR
Immunoreactivity between A and B.

Kruijver et al, 2001
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Phoenix et al, 1959: Organizational-activational
hypothesis of hormone-driven sex differences in brain
and behavior

A. Prenatal/early postnatal
transient rise In testosterone:
Masculinizes and defeminizes
neural circuits in males

B. Absence of the transient rise In
testosterone: Feminine neural
phenotype

C. Puberty: Testicular and
ovarian hormones act on
previously sexually
differentiated circuits to
facilitate expression of sex-
typical behaviors in particular
social contexts.




Revised Organizational hypothesis: One protracted

sensitive period for the organizing actions of
testosterone

Schulz et al, 2009

Testosterone (T) =

l_
= - -
> Perinatal - = =
= -
= w2
% Prepubertal e
o # Pubertal/
% » Adolescent
&= .’, e Adult
O 1 2 3 4 5 6 7 8 10
Age (weeks)
Fig 3.

Niustration depicting the overall findings of our study investigating the effects of earlsy. on-
e and late adolescent testosterone treatments on adult mating behavior. Gaven that early
adolescent testosterone treatment was imutiated mmmediately following the perniod of sexual
differentiation (postnatal day 107}, our data suggest that adolescence 15 part of a protracted
sensitive period for the orgamizing actions of testosterone (area under the solid gray curve). In
addition. because early adolescent treatments most effectively orgamnized adult mating
behavior. we propose that sensitivity to the organizing actions of testosterone decreases across
postnatal development. The dashed line approximates testosterone secrefions across
development, whereas the solid line depicis decreasing sensitivity to the orgamzing actions of
testosteronse across development. Shading approximates the tinuing of perinatal . prepubertal,
adolescent penods in the Svrian hamster.




Masculinization of behavioral traits

|

Organizational effect of prenatal androgen
exposure

Sex dimorphism of the central nervous
system



We can not evaluate the organizational effect of prenatal
androgen exposure in humans based on animal studies




Postnatal period of hypothalamic differentiation
Sexual differentiation of SDN
Sexually Dimorphic Nucleus

MEN

Genetic
Environmental
Psychosocial factors

—

Hormones

adults




Meonatal testosterone influences size of
the SDN-POA
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Intrauterine androgen exposure of the
female fetus and behavior

(i) individuals who have genetic disorders that cause
abnormalities in the amount or activity of testosterone,
beginning prenatally;

(i) individuals whose mothers were prescribed hormones during
pregnancy for medical reasons; and

(ii)) individuals with no history of hormone abnormality, but for
whom information on prenatal hormone levels is available and
can be related to postnatal behaviour.



Causes of hyperandrogenic states in pregnancy

A. Fetal causes
« Congenital adrenal hyperplasia (CAH)

B. Maternal causes
1. Ovarian tumors

2. Non- tumor ovarian conditions (pregnancy luteoma,
hyperreactio luteinalis, PCOS)

3. Adrenal tumors (rare)

4. Non-tumor adrenal causes (Cushing’s syndrome,
irregular secretion of CRH in the placenta, non-functional
adenomas in the cortex of the adrenal glands containing
receptors with aberrant activity for CRH)

5. latrogenic (preparations containing androgens or
progestins)



Congenital Adrenal Hyperplasia as a
model of prenatal exposure to androgens



Sizes of sex differences in human
behavior/psychological characteristics

Behavior/Psychological characteristic approximate sire in standard deviation units
Core gender ide11tir:-'23-?4 11.0 to 132
Sexual orientation=>+-73 6.0 to 7.0

Childhood Play
B

8

Play with girls’ toys

Play with bowvs” tovs

76
TG

Femumnine preschool games

Masculine preschool games

Plavmate preferences 76

Composite of sex-typed play (PSAT) 77 I8

Cogmitive and Motor Abihities (adolescents/adults)
Tafgerﬁlg?r?._j?g_?g—g 1

[

Fine Motor Skill>8.82.83

MMental rotationsS%+-83
24 85

84 B5

Spatial perception
Spatial visualization
SAT MathematicsS0

Computational skills 86

B6

S O & O W W W

Miath concepts

Werbal fluen: 3'8?-33
Perceptual fspeeclgg

oo abularygﬂ

©co oo 90000000
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SAT Verbal?0

Personality (assessed with questionmaires)

35.91

Tendencies to physical aggressior

Empaths S34.92

D2

Dominance’ A sseriiveness




Ratio of the length of the second digit divided by the
length of the fourth digit (2D:4D):

Prenatal androgens?
Perinatal androgens?
AMH?

Sex chromosomes?

Behavioral?



Ratio of the length of the second digit divided by the
length of the fourth digit (2D:4D):

CAH

Females with CAH had a significantly smaller 2D:4D on the right hand than did
females without CAH.

Males with CAH had a significantly smaller 2D:4D than did males without CAH.
A subset of six males with CAH had a significantly smaller 2D:4D on both
hands compared with their male relatives without CAH.

These results are consistent with the idea that prenatal androgen exposure
reduces the 2D:4D and plays a role in the establishment of the sex difference
iIn human finger length patterns.

We found lower 2D/4D ratio in female patients with 21-hydroxylase deficiency
compared to healthy girls (p=0.000) and equal 2D/4D ratio for female patients
when compared to male controls. Male patients with 21-hydroxylase deficiency
had significantly lower 2D/4D ratio than female and male controls in the right
hand. Healthy boys had lower 2D/4D ratio than healthy girls.




Ratio of the length of the second digit divided by the
length of the fourth digit (2D:4D): a test of the
organizational hypothesis that androgens act early in life
to masculinize various human behaviors

Fingerpost reflect total androgenic
stimulation rather than just prenatal
Prenatal androgens androgen exposure

affect 2040 in humares-

bMany human bebhawors

displaying sex differances:
are influencad, at least n
pari, by androgans

Breedlove, 2010




Congenital Adrenal Hyperplasia as a
model of prenatal exposure to androgens

 Low rates of child-bearing in CAH?
 Low rates of heterosexual drive in CAH?

FORMS

SIMPLE SALT WASTING
VIRILIZING (SV) (SW)



Low “maternalism” in CAH

dinterest in getting married -
performing childcare/housewife role

“... Jim and | can’t stand children. They’ re cute and
everything, but | had never had any maternal feeling
like that, like | wanted to have a baby... Most people
look at babies and think they’ re cute and they coo
over them. | never felt anything. It’ s just a baby. | have

cats. Those are my babies...”



Sexual interest in women with CAH

* Low levels of sexual interest and activity associated with
low fertility have been reported in women with CAH.

Desensitization hypothesis (Bancroft, 2003)

1. Exposure to high levels of testosterone during fetal and
early postnatal life desensitize CNS to testosterone
effects in males.

2. If males were as sensitive to CNS effect of testosterone
as females, then the behavioral masculinizing effects
could be maladaptive.

3. Physiologically, no such desensitization process occurs
In females.



Congenital Adrenal Hyperplasia

Play with girls' toys
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Congenital Adrenal Hyperplasia

Play with boys' toys
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Congenital Adrenal Hyperplasia

Sex-typed childhood activities and interests
(PSAI)

[




Sexual orientation in women with CAH

TABLE 2. Relationships and sexuality in the 62 women with CAH and the different CYP21A2 genotype groups

Compared to controls
CAH
n B2
Relationships
Partner
Pvalue (patients vs. controls)

Mutations
1. Null,12splice: salt-
wasting (SW)

2. 1172N: simple virilizing
(SV)

3. V281L: non-classical
(NC)

Mull 12splice 1172M

Miscellaneous

Active
sexually

52%

Sexual 73%

Interest

Controls
B2

SO GB1 %)

1 (2%

controls

71%

90%

Frisen et al, 2009



Sexual orientation in women with CAH In
correlation with genotype

MNMon-hetero-
sexual
B MNo partner

null  12splice 1172N W281L control
Genotype group

FIG. 2. Women with bi- or homosexual orientation and women with
no partner given as percentage for the CYP271.A2 genotype groups and

the controls.
Frisen et al, 2009




Testosterone effect of CAH on gender identity is smaller
than the effect on sex-typed childhood play behavior and
similar to the effect on sexual orientation

vy |
Childhood play

: ) A m Childhood play

| Gender identity behaviour:
" O Sexual orientation females Wlth CAH
3] moved about 60%
21 of the distance
1L toward mean

male-typical

Figure 1 The size of the difference between females with congenital behaviour.
adrenal hyperplasia (CAH) and those without CAH relative to the
size of the sex difference in three characteristics: childhood play
behaviour (sex-typed toy, activity, temperamental and playmate Sexual
preferences); sexual orientation (preferences for erctic partners of : : . 0
> - 1same or the other sex); and core gender identity (sense of self orientation: 10%
{ male or female). Group differences (CAH versus control; male
/ﬁ ‘sus female) are expressed in standard deviation units.
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Occupation and interests in women with CAH In
correlation with genotype

ation and leisure activities in the 62 women with CAH and the different CYP2142

yared to controls
Mull 12splice 172N VZBI1L Controls

14 b

1

Mutations
1. Null,12splice: salt-
wasting (SW)
2. 1172N: simple virilizing
(SV)
3. V281L: non-classical

(NC)
Frisen et al, 2009




Occupation and interests in women with CAH In
correlation with genotype

Male-
B dominant
occupation

Extreme
male-

[ | -
dominant
occupation

Motor
- interest

Mutations
1. Null,12splice: salt-
wasting (SW)

I 2. 1172N: simple virilizing
o . S

null  I12splice 1M72N W281L control 3. V281L: non-classical
Genotype group (NC)

FIG. 1. Male-dominant cccupations (=25% females in occupation),
extreme male-dominant occupations {=11% females in occcupation)
and motor vehicles as main interest, given as the percentage for the
different CYP2 1.AZ genotype groups and the controls.

Frisen et al, 2009




Core gender identity, sexual orientation and recalled
childhood gender role behavior in women with CAH

Table 1. Control Variables and Psychosexual Qutcomes in Women and Men With and Without CAH (Means + SD)
Women Men

CAH Control CAH Control
(n=16) (n=15) (n=9) (n=10)

Control vanables

Age (years) 23.646.7 2.1+434 28.1484 243418
Vocabulary 8.19+1.51 9.07+1.62 9.00+2.45 8.90+2.01

. Psychosexual outcomes

Recalled childhood gender role behavior ? 60.5+16,1%** 336+176 68.3+11.8 69.847 4%+
Core gender identity® (past 12 months) 544+3.01* 3.03+1.28 3.2240.67 3.8041.13
Core gender identity® (lifetime) 6.75+4.84* 427141.22 3444088 4.20+1.14
Sexual orientation (past 12 months) 3.75+2.62* 2214059 2444133 210+0.32
Sexual orientation® (lifetime) 3.69+2.60* 2.3340.72 2.22+0.61 2.20+0.42

" Numbers of participants for recalled childhood gender role behavior = 14 women with CAH, 11 control women, 8 men with CAH, and § control
men. ° Scores can range from 3 to 21, Lower scores indicate stronger identification with the assigned gender. © Scores can range from 2 to 10. Lower

scores indicate stronger heterosexual orientation, _
* Differs from mean for control women, p <.05. *** p < 001.

Those girls who are most behaviorally masculinized as children are also
the most likely to evolve a bisexual or homosexual orientation as adults




Gender identity in women with CAH

TABLE 1. Frequency of male-typical responses to items on the gender identity inferview

CAH mrls

n =43}

Tomboys

m="T

Control mrls . .
J a0 Significant group differences

i

1. Prefers short hair 10{23%)
2. Does not like dresses 2 (58%)
3. Better to be by 2(5%)
4, Not happy as gl 4(9%)
5. Wishes to be bay 12(28%)
6. Try bay for a while 23 (54%)
1. Boy forever 1(2%)
8. Rather be father 2(5%)
9. Pretends male 9(21%)

3143%)
3143%)
2(29%)
3 143%)
3143%)
o (T1%)
3 (43%)
3143%)

5(71%)

6(21%)

10(35%) cah/etl’

0(0%) calith’, thict]’

0(0%) cahth®, thictl’

0 (17%)

111(38%)

0(0%) cah/th’, thictl

0(0%) cahith’, thietl

2(T%) calvth?, cah/etl®, thictl’

cah, Grirls with CAH; th, tombays; ctl, contral grls

Group differences on items scored 0, 1, or 2 tested by *, “ P < 0.10; " P < 0.05;° P < 0.1

Berenbaum et al, 2003




Gender dysphoria and gender change in
chromosomal females with CAH

« Patients raised as females: 94.8% later developed a
gender identity as girls and did not feel gender

dysphoric.
* 5.2% of those girls, expressed gender identity dysphoria.

« Among patients raised as males, 12.1% of those




Difference between females with CAH and
those without CAH relative to the size of the

sex difference in 3 characteristics

SD CAH —related/sex difference

S
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Gender identity and gender role



5% Reductase deficiency as a model of
prenatal exposure to androgens



Prenatal Hormones and

Clinical presentation
46 XY neonate with i
. EUGENIDES
 Female phenotype -\
« Ambiguous genitalia
 Blind vagina




5qRD?2 Patient

Bifid scrotum, Urogenital sinus,
Small phallus.




Virilization at puberty
Gender change
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Androgen Insensitivity Syndrome (AIS) as
a model of prenatal exposure to androgens



Androgen role in male gender identity

Gender: Gender identity (self estimation)
Gender role (objective estimation)
Sexual orientation (hetero- or homosexual)

Female gender identity: presence of ovaries or lack of
gonads (gonadal dysgenesis)

Male gender identity: testicular issue irrespective of
female or hermaphrodite (intersex) phenotype.

Complete androgen insensitivity syndrome: Female
gender identity f

Partial androgen insensitivity syndrome:
Female or male gender identity.
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Het FEMALE

Het MAN

Hom MAN

Mto F TRANS

Kruijver JCEM 2000



BST Bed nucleus of
the Stria Terminalis
 Males : increased
size and number of

neurons
Male to Female

transsexuals have

1. female size and 2.

number of neurons




Sex atypical cerebral asymmetry and
functional connections in Transsexuals
? Linked to neurobiological entities

Neuroimaging Differences in Spatial Cognition between

Men and Male-to-Female Transsexuals Before and During
Hormone Therapy

/
)

Schoning S. J Sex Med 2009 (’K
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Before Hormonal treatment

After Hormonal treatment

Trans show cortical activation patterns for a mental
rotation distinct from their biological sex

a priori  Neuroimaging differences

In spatial cognition between MEN and M to F trans
caused by different Neurobiological processes,
which remain stable over hormonal therapy




Androgen Receptor repeat length polymorphism
associlated with Male to Female Transsexualism

Hare L. Biol Psychiatry 2009
MTF trans have significantly longer mean repeat lengths
25

20

15 21 different alleles
% of each allele

| I
- _— y—| _— y—| _— _— P— _— y—| _— y—| P —| P

16 17 18 19 20 21 22 23 24 25 26 27 28

M 112 MtF B 258 Males

Number of CAG repeats in the Androgen Receptor gene
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Michael Crichton (2003): “...the work of science has
nothing whatever to do with consensus.

Consensus is the business of politics.

Science, on the contrary, requires only one investigator
who happens to be right, which means that he or she
has results that are verifiable by reference to the real
world. In science consensus Is irrelevant. What iIs
relevant are reproducible results. The greatest
scientists in history are great precisely because they
broke with the consensus . . . There is no such thing
as consensus science. If it's consensus, It isn’t science.
If it's science, it isn’t consensus...

Consensus iIs invoked only in situations where the
science Is not solid enough”



[TpoyevvNTIKOI TTAPAYOVTEC TTOU TTIBAVWIC
£TTNPEACOUV TOV OECOUAAIKO TTPOCAVATOAICUO
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Males : Spherical vs
Elongated in Females
Homo- twice as many cells vs
Hetero- sexual men

SCN Hypothalamus

Thalamus

Cerebellum
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Suprachiasmatic Nucleus s oac)
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PET and MRI show differences in cerebral
asymmetry and functional connectivity
between homo and heterosexual subjects

Savic |. PNAS, 2008

Rightward cerebral asymmetry widespread connectivity from the Rt amygdala



Human brain

Interstitial Nuclei of
Anterior Hypothalamus

INAH-3 J'

Le Vay, Science,1991

larger in Het men VS Women and Hom men
« ? a small INAH3 cause homosexuality
« ? homosexuality reduce the size of INAH3

« ? unknown 'third factor' responsible for
homosexuality and reduced INAH3 volume




? Certain sexually dimorphic features in the
brain may differ between individuals of the
same sex but different sexual orientation

PET and MRI : Sexual dimorphism with respect
to hemispheric asymmetry and the functional
connections from the RT and LT amygdala

1. MRI volumetry of cerebral hemispheres

2. PET measurement of cerebral blood flow for
analysis of functional connections from
the RT to the LT amygdalae




Genetic basis of sexual orientation

Clidentical
[1fraternal
0 brothers
@ adopt br

Bailey J, Pillard R. Arch Gen Psychiatry , 1991

Carlson, Niel R. 2001




MEN ARE

tROM MARS
Women,Are

From Venus

A Practical Guide for

Improvmg (ommunication and
Getting What You Want in Your Relationships

JOHN GRAY, Pr.D.



http://www.google.gr/url?sa=i&rct=j&q=men+from+mars+women+from+venus&source=images&cd=&cad=rja&docid=f7bxTQTb8LB7kM&tbnid=no24MuIaSr6PGM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.tumblr.com%2Ftagged%2Fwomen%2520are%2520from%2520venus&ei=5ERlUaXLI8S7PfaGgIAH&bvm=bv.44990110,d.ZGU&psig=AFQjCNHuQ3eErUo3kjUqiqvgC14jNc1YrQ&ust=1365677620076836
http://www.google.gr/url?sa=i&rct=j&q=men+from+mars+women+from+venus&source=images&cd=&cad=rja&docid=ldftiUfZ30vhzM&tbnid=9z-_BD7K1KWjVM:&ved=0CAUQjRw&url=http%3A%2F%2Fnotquitecarrie.com%2Ftag%2Fmen-are-from-mars-women-are-from-venus%2F&ei=BkVlUYTnA4esOv-ngZgN&bvm=bv.44990110,d.ZGU&psig=AFQjCNHuQ3eErUo3kjUqiqvgC14jNc1YrQ&ust=1365677620076836
http://www.vb.eqla3.com/showthread.php?t=1027538

