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SRY Is the Male Determinatlon Factor

Page et al. Zfy/Zfx

h l 4
—— Berta et al. SRY
SR"T‘i —= HMG Transcription Factor qu o p I a u og
1 Binds to sry element of Seroli
1 cell MIS/MRF gene (stimulates) &
™ 35kbl|| of Leydig cell P450 aromatase
\\ | gene (inhibits) [19923]

o | = zifl ™
Cytogenetic |OC-:1|IZ:‘1$ICI‘I of SRY region {after h..r!-.,LarPn} e . o

Sry (14 kb DNA fragment)

Male

SRY — povApeG €€OVIO PE Mia KEVTPIKNA
h diatnpnuévn emavaAnwn (HMG) box oto Y
/‘-; XPWHOCWWA.
_( : H mrpwrteivn Tou SRY deoueuetal oto DNA Kal
f’}ﬁ A AEITOUPVEI:
T * EVEPYOTTOIWVTAC ATTAPAITNTA YOVidIa
Yo 7S *  avaoTEAAOVTAG KATAOTAATIKA TG avOPIKAG

T SiagopoTroinang yovidia N

in the e L]

successiuily

an XX embryo to a male, demonstrating the Sry gene is necessary and sufficient
to determine maleness in a mammal (Koopman et al., Nature 357:117-121, 1991.
({Modified from Drews, Color Atlas of Embryofogy, Thieme Medical Publishers, Inc.: New York, 1995.)




SRY
no SRY TDF
no TDF SRY DAXl + SOX9

A v

WT-1 SFl

[EVETIKN
KATARBOAN

+ DAX 1




AAIAOOPONOIHTEZ AOMEX
Opoleg Kal ap@iduvaues ota 46XY Kai 46 XX euppua

Novadikn katafoAn (gonadal
ridge)

ApXxéyova yevvnTika KUTTOPO
(germ cells)

2UOCTNHO ECWTEPIKWYV TTOPWV
(internal ducts)

- Mépoi1 Tou Wolff

F ' népocg Tov Miiller

N MECOVEPPIKOI népog Tov Wolff

- Mépoi Tou Muller
I TTOPOUECOVEPPIKOI AAIA®OPOIIOIHTO XTAAIO

Ta €Ew yevvnTIKG 6pyava
(external genitation)
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AlapopoTroincn Tou UAOU
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KaBopiouog Tou (pUAou
GAMETES oS o + \ -+ »” 3

X+22 X+22 E Y+22
ZYGOTE s 3

%, S
XX+44 (2n)

BIPOTENTIAL GONAD BIPOTENTIAL GONAD
000 °°°°
P v° / L

\%9 i Y chromosome — TDF
8585 s’ (testes determining factor)

XX
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NORMAL OVARY NORMAL TESTES

Primitive genital trabeculas —
testicular/medullar trabeculas
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g beku sl s EMBRYONIC TESTIS

{Mole Ducts) INHIBITORY
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CYTOSOL RECEPTOR

[ aenratial Leydig cells Testosterone

PHENOTYPIC \

SEX FEMALE SEX MALE SEX
DIFFERENTIATION DIFFERENTIATION




Normal androgen physiclogy
LH rec
Walfian
StAR E development
b gaCs Testis T stiurk
5
P450C17 +Gunndntmpln
SB -HSD regulation
17B'HSD External
wirilization
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Testosterone development
Pubertal
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Dihydrotestosterone
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AIAQOPOINOIHZH TOY OPXI
Epo®avion KUTTOpWY. SENROll 71" eufpuikn Efoopada

YTTooTPO®I TWV
TOopWV
Tou Muller




AIAQOPOINOIHZH TOY OPXI
Epgavion KUutTapwy. Leydig 81— 91 eufpuikn efoopaoa

B TeoToOTEPOVN

NMapapovn TOpwv
Tou Wolff

DHT
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YEVVNTIKWV
opyavwyv






AVATITUEN £0W YEVVNTIKWY OPYAVWYV

IIpoyevvnuiki avantuén tng yovadoc tou OrjAeoc 11

[16po1 tou BnAeog

Epppuoloyia ka1 avamntuén

’ , i , Eykapowa diatopur) 0To £MMESO TWV OUPOYEVVITTIKWV TAVIOV
ZXNUaTIOHOG TNG HNTPAG Kal TOU KOATIoU (9 eRdopAdEQ) (5 eBdouadeQ)

Zahmyya Oupoddxog kuoTn

MNTPOKOAEIKSO “ MnTPoKOAEIKOG
Slappaypa D owArvag
“i
il

®aloég T

ApxXEyova YEWNTIKA kUTtTapa BoAguavog népog

Oupaio Turpa Twv
népwv Tou Miller

OupoyeEWNTIKGG ]
KOATOG KOAMOKOAEIKOG BoABOG

ZXNHATIONOG ™G MNTPAG Kat Tou KOATIoU (0To TEAOG Tou 30U prva)

Mrtpikr] koGtnra

TV ROPWV lotég and Toug
Tou Mdtier KOATIOKOAEIKOUG BoABOUG
(otBada Tou k6Anou) OupriBpa

Oupaio akpo 4 / ) EEanioupevo KOIwPATIKO erBrAlo APXEYOVEG PUAETIKES XOPDES MuAAE€pelog népog
f- r

Qobnkn (EuBpuo 8 eRdouGdwv)

KoAnokoAgikoi BoABoi

ZYNHATIOROG ™G UTPag kat Tou KOATou (Bpépog)
ExkpuAidpueveg

b ) . | ErurnoArig erubrjAlo
vwTIalEG XOPdEQ

Mrtpa
Tpaxniog g
pritpag

©6A0g Tou KGANoU/
KOAgiKOU 0Grou

©6A0G Tou KGATIOU/ = Qoyoévio

KOAEIKOU 0GKoU
OupniBpa - QoBuAakika kutrapa

KéAnog Kahmos
KAerropida MuAAEpelog népog 3

| BoAgiavég népog
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AVATTTUEN £CW YEVVNTIKWY OPYAVWYV

Opog g Appodimg

Qo6nkKn

(atTrOoUCia AVOpPOYOVWYV)
OioTpoyova
(TTNYEG: MNTEPA KAl TTAOKOUVTAG)

1. Paramesonephric duct
stimulation (fallopian tube,
uterus, upper vagina)

2. External genitalia
development (vulva labiums,
clitorii, inferior vagina)






AANBNC EPUAPPODITIOUOC

APPEV WPEUOEPHAPPODITIOUOC
ONAUC WEUDEPUAPPODITIOUOC

2.UvOpOoua TTOANATTAWY YEVETIKWY AVWHAAIWY



_ ‘ |
I
J F
r
)
|

* AANONC EPUAPPODITIONOC © MIKTEC yv6£g
ApPEVOC Kal BAAEOC, @aIvoTuTIoC (?)

* Appev YEUDOEPUAPPODITIOUOC :APPEV
yovoTtutrog (XY), @eaivoTutrog (?)

* ONAUC WEUDEPUAPPODITIOMOC : BNAUC
YOVOTUTTOC (XX), @aivoTutrog (?)









Caryotype:46XX(60%),46XY(15%),
Mosaics(25%)

Wolf’ ducts:+

Muller’s ducts: +







[TovipoTnTO
Spermatogenesis in 12%of males
« A successful pregnancy outcome using frozen testicular

sperm from a chimeric infertile 46, XX/46, XY male, who as

an infant,was diagnosed as a true hermaphrodite
Sugawara N Human Reproduction 2005

Ovulation Iin females

True hermaphrodite with bilateral ovotestes, bilateral
gonadoblastomas and dysgerminomas, 46,XX/46,XY

karyotype, and a successful pregnancy

Talerman A, Cancer. 1990




Caryotype:46XX(100%)
Wolf’ ducts:-
Muller’s ducts: +




Adlenal Cortex:..

cholesterol

pregnenolone-17-OH-pregnenoIone -DHEAS

progesteron 17-OH-progesterone androstenedione
v . v .

deoxycorticosterone —— 11-deoxycortisol —— testosterone

corticosterone » cortisol dihydrotestosterone

aldos{erone



Adlenal Cortexs...

cholesterol

pregnenolone- 17-OH-pregnenolone - DHEAS

e
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deoxycorticosterone — 11-deoxycortisol
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corticosterone » cortisol

aldos{erone




AlaTapayxec 0la@OPOTToiNoNG Tou pUAoU

ONAUC WEUDEPUAPPODITIOUOC

2. UYYEVNC UTTEPTTAQCIO ETTIVEQPPIOIWV

* Avettapkela 21 udpocuAaoncg

* Avettapkela 11 udpocuAaong

I.vV. ACTH test: 17 OHPRG

« KAaooIK Hop®n
(aTTWAEIO AAATOG)

* ATTA} OPPEVOTTOINTIKI
* Oyipng evapéng




AlaTapayxec 0la@OPOTToiNoNG Tou pUAoU

2.UYYEVNC UTTEPTTAQCIO ETTIVEPPIOIWV

Genotype

The Spectrum of Molecular Defects of the CYP21 Gene in
the Hellenic Population: Variable Concordance between
Genotype and Phenotype in the Different Forms of
Congenital Adrenal Hyperplasia™

M. DRACOPOULOU-VABOULI, M. MANTATI-CHRISTIDI, AnND
C. DACOU-VOUTETAKIS

TABLE 1. Frequency (percentage) of molecular defects in the different forms of 21-hydroxylase deficiency in the Hellenic population

Q318st
DandC  P30L  Lgsplice  8bpdE; I172N  clusterE,  V28IL  G291S  Q318st ¥ R356W F306+T P453S  UD
R356W

SW 98 24.5 00 429 5.1 20 0.0 0.0 0.0 143 1.0 1.0 0.0 00 92
SV 68 5.9 191 294 0.0 35.3 0.0 L5 0.0 5.9 0.0 0.0 0.0 00 29
NC 56 3.6 214 5.4 0.0 71 0.0 41.1 0.0 18 0.0 0.0 0.0 143 54
All forms 222 13.5 113 293 2.25 13.5 0.0 108 0.0 8.6 0.45 045 0.0 36 63

D, Deletions of CYP21 gene; C, conversions of CYP21 gene; UD, undetected molecular defects; SW, salt-wasting form; SV, simple virilizing form; NC, nonclassical form.

Clinical Chromosomes
forms (n)




AlaTapayxec 0la@OPOTToiNoNG Tou pUAoU

2.UYYEVNC UTTEPTTAQCIO ETTIVEPPIOIWV

[TovoTUTTOGQ

236 lle = Asp

237 Val - Glu

239 Met - Lys
SL form

Mutations in CAH Iin Greece Dacou C, JPEM:2001

O Del. or Conv
B 2 splice
Ol 172N

m\V281L
@ Q318st
0 P453S










Pope Joan: A Recognizable Syndrome*
Maria |I. New and ElizabethS. Kitzinger, JCEM 1993
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CHOLESTEROL

Vi ‘20,22-DESMOLASE
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\Y ‘ 3gHSD

PROGESTERONE
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STEROID BIOSYNTHETIC PATHWAY

A317-OH
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1% ‘354450
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DEOXYCORTISOL (S)

I ‘ 118-OH
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\Y ‘ 38-HSD

A
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:

ESTRONE

178- HSO
s

178 -HSO
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A> ANDROSTENEDIOL

\% ‘ 38-HSD

TESTOSTERONE

&

ESTRADIOL

Sex steroids biosynthesis

GLUCOCORTICOIDS

SEX STEROIDS




cholesterol

pregnenolone

17-OH-pregnenolone -»DHEAS

17-OH-progesterone -oandrostenedione

testosterone

—

dihydrotestosterone

progesteron




cholesterol

pregnenolone 17-OH-pregnenolone - DHEAS
progesteron-17-0H-progesterone - androstenedione

testosterone

dihydrotestosterone



Adlenal Cortex:..

cholesterol

pregnenolone-17-OH-pregnenoIone -DHEAS

progesteron 17-OH-progesterone androstenedione
v . v .

deoxycorticosterone —— 11-deoxycortisol —— testosterone

corticosterone » cortisol dihydrotestosterone

aldos{erone



Caryotype:46XY(100%)
Wolf’ ducts: +
Muller’s ducts: -




Adlenal Cortex:..

cholesterol

pregnenolone-17-OH-pregnenoIone -DHEAS

progesterone 17-OH-progesterone androstenedione
v M : i

deoxycorticosterone — 11-deoxycortisol —— testosterone

corticosterone » cortisol dihydrotestosterone

aldos{erone



ApPPEV WEUDEPUAPPODITIONOC
AlaTapaxég TrTapaywyns TEoTooTEPOVNG

A Normal B Early Congenital Lipoid C Late Congenital Lipoid
Adrenal Hyperplasia Adrenal Hyperplasia
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{ l StAR-independent
StAR-independent £l X cholesterol
cholesterol
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hCG test: I DHEA/ANDRO,
ANDROSTENEDIOL/T




Adlenal Cortex:..

cholesterol

| - | - |
17-OH-progesterone -.-»andro‘stenedione
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deoxycorticosterone — 11-deoxycortisol —— testosterone
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hCG test: l DHEA/ANDRO,
ANDROSTENEDIOL/T




Adlenal Coriex...

cholesterol

I
--->andro‘stenedione

—» testosterone
I

dihydrotestosterone
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26 miUu/ml

0,4 ng/ml
(2.8-8,8)

1.6 ng/dl
(4-41)

54 miU/ml

41 pg/d|
(120-360)

11,7 ng/ml
(0.4-3.3)

23.9 pg/ml
(<50)

17 pg/di

5.7 ng/ml
(1.7-17)

0.3 ng/ml
(0.8-3.8)

30 nmol/l
(10-70)




P450cl7 gene

Physical map

CYP17A1 Physical Map Genatlas Link B Locuslink link
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Mutation detection process
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| PCR multiplication
il Sequencing
[ Sequence analysis
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_ Adrenal Cortex...

cholesterol

pregnenolone-17-OH-pregnenoIone -DHEAS

androstenedione

progesterone 17-OH-progesterone

v . v .
deoxycorticosterone — 11-deoxycortisol ———>» testosterone
corticosterone » cortisol dihydrotestosterone

aldos{erone




[ 1 Testosterone
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‘AV&'ITC'XpKEZIG 17HSD ‘

35Kkb /43kb 1.9kh 1.3 kb 1.6kb! 3.2kb | 34kh koI 3.4 kb 5.2kb

HSD1/B3 Gene
-

REm gy






ApPpPEV WPEUDOEPUAPPODITIOUOC
Alatapaxec otn 0paaon TG TeoToOoTEPOVNC

AveTTapkela 5a ApwuaTtaong

hCG test: Testo, DHT



before




ApPPEV YEUDEPUAPPODITIONOC
Alatapaxec otn 0paaon TG TeoToOoTEPOVNC

AvVETTApKEIa 5a ApwuaTtaong

ETEPOQUAETIKN
nen

they wear underpants,
encouraged to stay
with their mothers,

participate in
household activities,
play near the house










AppPEV WPEUDEPUAPPODITIONOC
Alatapaxec otn 0paaon TG TeoToOoTEPOVNC
2.UvOpouo BnAcoTroInTiKoU 0pXN

hCG test: | Testosterone



ApPPEV WPEUOEPUAPPODITIOUOC
Alatapaxec otn 0paaon TG TeoToOoTEPOVNC
2.UvOpOouOo OnAcoTtToINTIKOU OpXN

Intersexual development of external genitalia
in androgenital syndrome (AGS)




Example of
Androgen
Insensitivity
Syndrome,
without

treatment,
showing
spontaneous
feminization.




Jeanne d’arc

A speculation has been made that Joan of Arc (1412) might have had AIS (Wooster 1992).






AppPEV YEUDEPUAPPODITIONOC

Alatapaxec otn 0paaon TG TeoToOoTEPOVNC
2.UvOpOouOo BnAcoTToINTIKoU 0pXN
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AppPEV WPEUDEPUAPPODITIONOC
Alatapaxec otn 0paaon TG TeoToOoTEPOVNC
2.UvOpouo BnAcoTroInTiKoU 0pXN

il e ]

(Gin)20 (Pro)s (Gly)2s HORMONE

AMINO TERMINUS BINDING DOMAINS

621 690

TERMINATION . (588!
CODONS L e

i RECEPTOR
(838) : BINDING

(832) R—=H
Yo = ( NEGATIVE

: QUALITATIVE
(726) (746) : RECEPTOR
L-»S A-=D : BINDING

» ABNORMALITIES

AMINO ACID
SUBSTITUTIONS ; ,
(574) (595)

C—»R
. S-+G RECEPTOR

BINDING
POSITIVE
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RECEPTOR
BINDING




ApPPEV WEUOEPUAPPODITIONOG

FEMALE MALE

GAMETES e + _ 4+
A Y+22

X+22 X+22 X+22

ZYGOTE - : ' XY+44 (2n)

XX4+44 (2n)

BIPOTENTIAL GONAD BIPOTENTIAL GONAD

GONAD

‘H-Y ANTIGEN

NORMAL TESTES

LEYDIG CELLS SERTOL! CELLS

TESTOSTERONE MULLERIAN DUCT
(Mole ) INHIBITORY
B s FACTOR

‘SQ—REDU('ﬂSE
DHT

|
CYTOSOL RECEPTOR

UROGENITAL SINUS
EXTERNAL GENITALIA

\

FEMALE SEX MALE SEX

PHENOTYPIC

SEX

DIFFERENTIATION DIFFERENTIATION

Avetrapkeia MIH

Wolf’s ducts: +,
Muller’s ducts: +
Uterus inghuinali

hCG test:
normal Testosterone




AlaTapayxec 0la@OPOTToiNoNG Tou pUAoU

2.UvOpOoua TTOAAATTAWY YEVETIKWY AVWUOAIWYV
Karyotype XO

Mosaic XO/XX
XO/XY
Congenital XX

Congenital XY

Au@iBoAa i BnAea yevvnTika opyava



46, XY Sex Reversal

Mutated SRY
« Mutated SOX9
« Mutated SF 1

« DAX 1 duplication =
Inability of SOX9 gene

SRY Inactivation




46, XX Sex Reversal

SRY translocation
DAX1 mutations
SOX9 duplication
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