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We’'re all girls by default

ricombinazione
omologa

primordio della gonade primordio della gonade

TDF = testis determining factor

testicolo ovaio ovaio testicolo



generalized gonads
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MIH = mullerian duct inhibiting hormone DHT = diidrotesterone



Testosterone,
AMH

(feg]

Testosterone

feg]

of

Miillerian duct
Rete testis cords

S
I NN
gy

2 albuainag
a aibuginea

Horseshoe-shaped
seminiferous cords

Mesenchymal
matrix

Excretory
mesonephric

\J\ tubules
Wolffian duct

Rete testis

Seminiferous cords

Tunica albuginea

Wolffian duct

Miillerian tubercle

Urethral outlet

Glans penis

Line of fusion
of urethral folds

Line of fusion of
scrotal swellings

él—‘ Perineumn
Anus

?

/ Mullerian duct

Germ cell

Degenerating
medullary cords

\ Mesonephric
tubules

\\Wolffan duct

Abdominal ostium of the
Fallopian duct

Cortical mesanchymal
condensations

Mesonephros

Wolffian duct

Uterovaginal
canal

Muillerian tubercle

Clitoris

Urethra

Vagina
Hymen
Labium minus
Labium majus
Perineum

Anus

Copyright © 2002, Hsevier Science (USAL All rights reserved.

primordio della gonade
struttura unica bipotente

Induzione in senso maschile da TDF
(cromosoma Y)

primordi dei genitali interni
due strutture unipotenti

Dotto di Woolf (maschile)
Dotto di Muller (femminile)

La gonade maschile (testicolo) produce due
ormoni, che determinano lo sviluppo in senso
maschile:

Testosterone (DHT): promuove lo sviluppo del
dotto di Woolf

MIH (anti-Muller hormone): inibisce lo
sviluppo del dotto di Muller

primordio dei genitali esterni
struttura unica bipotente

Induzione in senso maschile da Testosterone
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freemartinism

\ joining of the placental membranes occurs at about the 40th day of pregnancy, and fluids of the tw
etuses are mixed. This causes exchange of blood and antigens carrying characteristics that are uniqu
o each heifers and bulls. When these antigens mix, they affect each other in a way that causes each t
levelop with some characteristics of the other sex.

Ithough the male (bull) twin is only affected by reduced fertility, in over ninety percent of the cases
he female (heifer) twin is completely infertile. Because of a transfer of hormones and/or cells, th
eifer's reproductive tract is severely underdeveloped, it sometimes contains some elements of a bull’
eproductive tract. A freemartin is genetically female, but has many characteristics of a male. Th
yvaries of the freemartin do not develop correctly, and remain very small. The ovaries of a freemartin d
ot produce the hormones necessary to induce the behavioral signs of heat.
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’ effetti degli ormoni sessuali
o : sul SNC e sul comportamento
—AG— _
Di organizzazione
= Durante il periodo critico

(sviluppo)
= Permanenti ed irreversibili

Di attivazione
* Nell’adulto (puberta)
= Temporanei e reversibili

Dimorfisml: differenze di struttura
Diergismi: differenze di funzione

Anterior
pituitary
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Gonadotrope

Testosterone

Aestis

Estrogen,
Progesterone

Ipofizi
Ares preoitica Ipotalnmoe



Diergismi comportamentali

1. Aggressivita
2. Cura della prole
3. Comportamento riproduttivo

Corteggiamento
Lordosi (F nei mammiferi)
Copula (M nei mammiferi)
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maschio femmina
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Come agiscono gli ormoni sessuali sullo sviluppo del SNC?

femmina

estradiolo
(bassi livelli)

femminizzazione

maschio

aromatasi

testosterone _> estradiolo —>

mascolinizzazione

Periodo critico

Uomo = 2-5° mese di gestazione
Ratto = pochi giorni prima della nascita

Come fa I’estradiolo (ormone femminile) a mascolinizzare il SNC?
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Ipotesi del rilascio
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Effetti genetici diretti sul dimorfismo sessuale del sistema nervoso

Right = male ZZ
Left = female ZW

canto
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Corpus callosum

j Cerebral cortex

ontal lobe /&5 B s 1 -;:: Occipital

Optic
chiasm

Strutture dimorfiche nel SNC umano

Strutture piu grandi nel maschio

= Nucleo della stria terminale

* Nuclei interstiziali dell’ipotalamo anteriore
(INAH3)

* Nucleo dimorfico dell’area preottica (SDN-
POA)

* Nucleo di Onuf (midollo spinale)

Strutture piu grandi nella femmina
= Commissura anteriore
= Corpo calloso

Asimmetria maggiore nel maschio
* Planum temporale

Strutture con forma diversa
= Splenio del corpo calloso
* Nucleo soprachiasmatico (ipotalamo)



maschio

SDN-POA ¢ 5 volte piu grande nel maschio che nella femmina
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p=0.0001 I . . . .
Eterogeneita dei meccanismi

d’azione nel dimorfismo

| | sessuale indotto da ormoni
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I"ig. A, [Dhitterenze sessuali nella |'i:-1']1c1.-1;| cerebrale ad uno stimolo dolonfico di natura termica l||'.']ZI]iL'iI.II.'|- sull:
taccia volare dell’ avambracoio. 51 notu Nattivasione di aree diverse ner doe sesst e la diversa estensione e
attivazione delle strutture {maggiore nelle donne). Da Casey, 1999,



a Men > women

Rate of serotonin synthesis {(pmol g™ min™)

A Baseline Male

Female
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Table |. Some abilities favouring men and women, respectively

PROBLEM-SOLVING TASKS
FAVOURING MEN

PROBLEM-SOLVING TASKS
FAVOURING WOMEN

SPATIAL ORIENTATION — making a correction for
a change in crientation of an chject, e.g., "mental rotation”

OBJECT LOCATION MEMORY - recall
of the location of objects in an array

VISUALIZATION — determining how a depicted object
will appear when manipulated, e.g. folded

PERCEPTUAL SPEED — rapid identif-
lcation of matching or designated items

LINE ORIENTATION — matching the
slope of a line

VERBAL MEMORY - recall of a
story, paragraph or list of unrelated words

MATHEMATICAL REASONING — sclving
a novel mathematical problem

NUMERICAL CALCULATION —
adding, subtracting, etc., of given numbers

THROWING ACCURACY - hitting a distant target

DEXTERITY — manual tasks involving precision

Table Il. Prepubertal sex differences in cognitive and maotor function.

AUTHOR/ YEAR AGES FINDINGS

Rosser et al., 1984 4-5 Boys better at spatial rotation

Vederhus & Krekling, 1996 9 Boys better on spatial tasks

Lunn, 1997 3-4 Boys better on targeting

Levine et al., 1999 56 Boys better on spatial transformations, mazes
Denckla & Rudel, 1974 5-11 Girls faster at colour naming

Ingram, 1975 3-5 Girls better at copying hand postures

McGuinness ef al., 1990 7-10 Girls better memory for words




Standard Comparison shapes




schizofrenia

1 Inci

Morbo di Alzheimer

_

Morbo di Parkinson



Dimorfismo ed orientamento sessuale
]

Problemi metodologici perie sler:Ts[[s N =11gVleJ)[e

Negli animali da esperimento I’esposizione agli ormoni dell’altro sesso
durante il periodo critico modifica il comportamento sessuale ed induce

interesse per partners dello stesso sesso
Tuttavia, in questi casi sono indotte profonde modificazioni anatomiche che

non si ritrovano negli omosessuali umani
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A Difference in Hypothalamic Structure Between
Heterosexual and Homosexual Men

SivonN LEV Ay

The anterior hypothalamus of the brain participates in the regulation of male-typical
sexual behavior. The volumes of four cell groups in this region |interstitial nuclei of the
anterior hypothalamus (INAH) 1, 2, 3, and 4] were measured in postmortem tissue
from three subject groups: women, men who were presumed to be heterosexual, and
homosexual men. No differences were found between the groups in the volumes of
INAH 1, 2, or 4. As has been reported previously, INAH 3 was more than twice as
large in the heterosexual men as in the women, It was also, however, more than twice
as large in the heterosexual men as in the homosexual men. This finding indicates that
INAH is dimorphic with sexual orientation, at least in men, and suggests that scxual
orientation has a biological substrate.
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1s Flomosexuality biological?
New work on the hypothalamus suggests the answer may be yes. But that’s only part of a
broader debate over gender differences and the brain.

Missing cells. Oval collection of cells in hypothalamus from heterosexual man (left) are
absent in homosexual man (right).



Brain response to putative pheromones
in homosexual men

Ivanka Savic***, Hans Berglund?, and Per Lindstrom*

Departments of *Clinical Meuroscience and $Medicine, Karolinska University Hospital, 171 76 Stockholm, Sweden; and TDepartment of Neuroscience,
Center for Gender-Related Medicine, Karclinska Institute, 171 77 Stockhaolm, Sweden

Edited by Jan-Ake Gustafsson, Karolinska Institute, Huddinge, Sweden, and approved April 4, 2005 (received for review Qctober 27, 2004)
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Brain response to putative pheromones
in lesbian women
Hans Berglund*, Per Lindstrém?, and Ivanka Savict*

*Department of Medicine, and "Stockholm Erain Institute, Department of Clinical Meuroscience, Karolinska University Hospital, Karolinska Institutet,
171 76 Stockholm, Sweden

Edited by Jan-Ake Gustafsson, Karolinska Institutet, Huddinge, Sweden, and approved March 11, 2006 (received for review January 13, 2006)




Studi genetici

/o orientamento omosessuale nella popolazione normale = 2-10% (m 4-5%)
sccurrence of homosexuality among brothers

» 52% of identical (monozygotic) twins of homosexual men

» 22% of fraternal (dizygotic) twins

* 9% of the non-twin brothers

* 11% of adoptive brothers of homosexual men were likewise homosexual

dccurrence of homosexuality among sisters
» 48% of identical (monozygotic) twins of homosexual women

* 16% of fraternal (dizygotic) twins were likewise homosexual
* 6% of adoptive sisters of homosexual women were likewise homosexual

Related to homosexual man:

Monozygotic twin Dizygotic twin Adopted brother
heterosexual heterosexual heterosexual
48% . 78% . 89% .
homosexual homosexual homosexual
52% 22% 11%
Related to homosexual woman:
Monozygotic twin Dizygofic twin Nontwin sister Adopted sister
heterosexual heterosexual heterosexual heterosexual

b . N . N . E .

homosexval homosexual homosexual homosexval




A Linkage Between DNA Markers
on the X Chromosome and Male
Sexual Orientation

Dean H. Hamer, Stella Hu, Victoria L. Magnuson, Nan Hu,
Angela M. L. Pattatucci

The role of genetics in male sexual orientation was investigated by pedigree and linkage
analyses on 114 familics of homosexual men. Inoreasced rates of same-sox orentation were
found in the maternal uncles and male cousing of these subjects, but not in their fathers or
paternal relatives, suggesting the possibility of sex-linked transmission in a portion of the
population. DNA linkage analysis of a selected group of 40 families in which there were two
gay brothers and no indication of nonmaternal transmission revealed a correlation between
homosexual orentation and the inheritance of polymorphic markers on the X chromosome
in approximately 64 percent of the sib-pairs tested. The linkage to markers on Xq28, the
subtelomeric region of the long arm of the sex chromosome, had a multipoint lod score of
4.0 (P = 107", indicating a statistical confidence level of more than 99 percent that at least
one subtype of male sexual orientation is genetically influenced.

Sib-pairst
Locus Location  AL* HETY ——— z.§ 2InL(z,)| PY
o1 s H

\. KAL p22 6 0.77 5 16 14 0.51 0.01 ns
3. .DXS996 p22 11 0.84 7 14 18 =.5 =0 ns
s, .DX5992 D 8 0.87 6 13 19 =5 =0 ns
). .DMDA p21 9 0.78 3 10 23 =.5 =0 ns
-, .DX38993 pii 6 0.80 3 14 17 =.5 =0 ns
-, .DX5991 o] 8 0.77 8 14 14 0.57 0.61 ns
3. .DXS986 q 10 0.71 7 20 10 0.65 2.1 ns
1. .DXS990 q 7 0.76 4 19 13 0.55 0.25 ns
. .DXS1105 q 5 0.48 3 20 9 =.5 =0 ns
|, .DXS456 q21 10 0.85 8 20 8 0.75 7.95 0.00241
. .DXS1001 Q26 10 0.82 8 16 13 0.60 1.09 ns
.. .OXS994 Q26 5 0.75 7 17 13 0.55 0.26 ns
A, .DX5297 qe7 5 0.70 5 21 8 0.71 4.25 0.01963
. FMR q27 17 0.79 6 17 14 0.56 0.45 ns
). .FRAXA Q27 8 0.72 4 17 13 0.56 0.38 ns
> DX5548 Q27 6 0.67 7 20 7 0.73 521 0.01123
). .GABRA3 q28 4 0.35 2 23 3 0.74 2.39 ns
3. .DXS52 q28 12 0.79 9 22 6 0.81 11.83 0.00029
3. .G6PD q28 2 0.36 4 24 2 0.85 6.38 0.00577
. .F8C q28 2 0.41 5 24 3 0.82 6.56 0.00522
J. .DXS1108 q28 6 0.71 8 22 4 0.85 12.87 0.00017
/. DXYS154# q28 10 0.71 8 22 5 0.83 12.84 0.00017
USTIUN q28 0.99 12 21 7 0.82 18.14 0.00001
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Vantaggio evoluzionistico della riproduzione sessuata

@ @ mutazione @ Q
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riproduzione asessuata - partenogenesi riproduzione sessuata

S
@,
7
N



L’'ipotalamo controlla la
funzione sessuale

IOl Al W i W W e PIWAI W

attraverso le
gonadotropine ipofisarie

A loro volta, gli ormoni
sessuali agiscono sulla
funzione dell’ipotalamo

Anterior
pituitary

Testosterone

Estrogen,
Progesterone

Copyvright © 2002, Elsevier Science (USA)L All rights reserved.
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Mascolinizzazione SNC
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Femminizzazione SNC
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SNA e controllo della
funzione sessuaie

Stimoli esterni Stimoli interni

SNA - parasimpatico

Erezione
Congestione/lubrificazione vaginale

Stimoli sensoriali

~~




Strategie di accoppiamento nel regno animale O
Poliginia F O
Molto frequente fra i mammiferi (giraffe, oranghi / e
ecc..)

Esempi di rapporto stabile (harem; gorilla, O’:—, O
elefanti marini) ¥

Poliandria
Rara nei vertebrati (ecc.. Falaropo)

Monogamia
90% degli uccelli (cova)
3% dei mammiferi

12% dei primati O’ Ol

Gli umani sono tendenzialmente monogami

Anche nelle societa poliginiche, la maggior
parte delle coppie sono monogamiche O D Oj




A causa della competizione per le femmine, la poliginia & associata a:

Maggior differenza di massa corporea fra maschi e femmine (gorilla, leoni marini)
Maggiore differenza nei caratteri sessuali secondari

Altri fattori importanti che determinano le strategie di accoppiamento sono:
1. La periodicita della recettivita della femmina

2. Lapossibile promiscuita delle femmine (competizione del seme)

3. La partecipazione dei maschi alle cure parentali




Nella nostra specie ci sono due caratteristiche particolari:
L om sam = e [N P - SN VTP PN Y PN

d Ld IEI I.Illld IBIIIIIIIIIIIE oIl U EblBIIUIIIIEIIlB cevilelile
. L’accoppiamento non avviene in pubblico

Questo perché (teorie):

. Favorire la cooperazione ed evitare la disgregazione sociale

. Tenere il maschio e spingerlo a partecipare alle cure parentali

. Le femmine recettive otterrebbero piu facilmente il cibo dai maschi
. L’incertezza della fertilita mantiene stabile la coppia

. L’incertezza della fertilita rende incerta la paternita




Arvicola delle praterie (microtus ochrogaster)

Fortemente sociale e stabilmente monogamo
B Maschio e femmina condividono la tana e la cura della prole

Il maschio difende strenuamente la femmina e la prole

Asociale e promiscuo
Ogni individuo vive isolato in una tana propria
Il maschio non partecipa alla cura della prole

La femmina abbandona i piccoli molto presto




Distribuzione dei recettori per ossitocina e vasopressina nel
cervello delle arvicole di montagna e della prateria

Montane Prairie

OTR distribution




Effetti della somministrazione di ossitocina e vasopressina
nel cervello delle arvicole di montagna e della prateria

TABLE 2. Effects of central administration of oxytocin and vasopressin on

sacial behavior
Behavior Oxytocin Vasopressin Refs
Effects in rodents a
Affiliative behaviar 444 ! 1 2
Sexual behawor T f .10 @
Maternal behavior +++ + 1,12 -F—'I
Social memory ++ +++ 13,14 E
Territorial behavior I +++ 15 E-
Male aggression t 44 & g
Effects in monogamous =
voles g_
Partner preference in +h+ - 17,18 £
females E
Partner preference in males — +Ht 1% -
‘Selective’ aggression - e+ |9 &~
Paternal care ? +++ 10

444, marked effect; ++, moderate effect +,

some effect; -, no effect; 2, effect unknown,
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Microsatellite Instability
Generates Diversity in Brain and
Sociobehavioral Traits

Elizabeth A. D. Hammeck and Larry |. Young®

Repetitive microsatellites mutate at relatively high rates and may contribute
to the rapid evolution of species-typical traits. We show that individual alleles
of a repetitive polymorphic microsatellite in the 5 region of the prairie wole
vasopressin 1a receptor (avpria) gene modify gene expression in vitro. In vivo,
we ohserve that this regulatory polymomphism predicts both individual
differences in receptor distribution pattems and socio-behavioral trits. These
data suggest that individual differences in gene expression pattems may be
confemed via polymorphic microsatellites in the cis-regulatory regions of
genes and may contribute to normal variation in behaviorl trits.

Microsatellite Vasopressin

Species
DNA Receptor Gene

e eI
D-H.H 3 Vasopressin T

Receptor Gene

Vasopressin
Receptor Gene

Random mutations in the length of the microsatellite DNA
regions modify vole social behavior

‘amily Hominidae

Social
Behavior

paiieVoes | I I |

MontaneVoles [l




Cure parentali
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Distribuzione del recettore ADH
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Related to homosexual man:

Meonozygotic twin Dizygotic twin
heterosexual heterosexual
48% 78%

1‘.
'I
]

y

y

Adopted brother

heterosexual

89%

—___ __,_e"f .
homosexual homosexual homosexual
52% 22% 11%
Related to homosexual woman:
Monozygotic twin Dizygofic twin Nontwin sister Adopted sister
heterosexual heterosexual heterosexual heterosexual
52% 84% 86% 4%

y

y
" homosexual homosexual homosexual homosexual
48% 16% 14% &%




