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BrisiBienue rena DAX1 Ha X-XpoMOCOME, OTBETCTBEHHOTO 32
(opMUpOBaHKE )KEHCKOIrO noJia. [ eH Obu1 uACHTU(UIIMPOBAH Ha X-
XpOMOCOMe (B BHJIE ABYX KOMHUI) MPHU aHAJIN3E IBYX OJIU3HEIIOB C
XKEHCKUM (DEHOTHUIIOM, HO C TCHOTUIIOM XY
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Inactive
N N
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. Figure 17.9

Gonads Testis Ovary Gonadal Phenotypic sex reversal in humans having two copies of the DAX1
. locus. DAX1I (on the X chromosome) plus SRY (on the Y chromo-
dyngHCSlS some) produces testes. DAXI without SRY (since the other DAX1

locus is on the inactive X chromosome) produces ovaries. Two ac-
tive copies of DAX1 (on the active X chromosome) plus SRY (on

PhenOtYPe Male Female Female the Y chromosome) lead to a poorly formed gonad. Since the gonad
makes neither AMH nor testosterone, the phenotype is female.
(After Genetics Review Group 1995.)
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[MpeanonaraeMslii MexaHM3M NePBHYHON AeTepMHHALIHH 11012 V MJICKONH-
TaKOHX. X 0TS MBI MATO YTO 3HAEM O NMOLTHHHLIX BIAHMOCBASIX MEXIY OT-
AeNbHBIMH 3TanaMy npouecca JeTepMHHALIMK NoJ1a, 3Ta MOJEb
npeacTarnger coboif MONLITKY NPeacTaBHTh JaHHBIHA NMPOLIECC B BUIE
nocnenoBaTeIbHBIX COObITHI. BoaMoxHbI # Apyrie Monenu. B cooTseT-
CTBHH ¢ JaHHOI Mogensto, Dax ] Gnokupyer akTupaumio Sox 9, npoucxois-
LY IO B Lenouke coObITHIt mocne akTHRaUnu Sry. AKTHBHBII Sox9
onokupver aktHeaun W4, Ho aktusipyer AMI 1 reHsl, oTBeualouie 3a
aupdepeHUHPOBKY roHal B ceMeHHUKH. Jax ] akTHBHPYET I'eHbl, OTBETCT-
BeHHBIe 3a AuddepeHLIHPOBKY N'oHal B THUHHMKH.



[IpoHHKHOBEHUE (MUTpaALKsA) ME30HEPPOTUUECKUX KIETOK (Jr000ro renorrna: XY uinu XX) B Sry+
roHajinble Bauku (reHotumna XY) in vitro, NTOKa3bIBA€T BAXKHOCTh IKCIIPECCUU ITeHa Sry B KIETKaxX
MIPOM3BOIHBIX TOHAHBIX BAJIMKOB I MHAYKIIMA UMHU 00pa3oBaHus CB3M Bonbk(oBa mporoka (uepes
Me30HE(DPOTUIECKHUE KIIETKH) C TIOJIOBBIMU TsDKaMu (OyAyIIMMH CEMEHHBIMH KaHAJIbIIaMH ),
(bOpMUPYIOIIMMUCS U3 TOHATHBIX BaJUKOB

12-Day
mouse
embryos

Pronephros

XX + Sry XX or XY XX - Sry Mesonephros
(or XY) + lacZ (or XX)

l /Gonad l Testis

Remove
urogenital
rudiment S
l Mesonephros l l

Separate
gonads from
mesonephros

Metanephros

Recombine
and culture
48 hours (C)
/ (A) (B) \
+ Sry: Allows migration - Sry: No mesonephric Figure 17.7
of mesonephric cells cell migration Migration of the mesonephric cells into Sry* gonadal rudi-

ments. In the experiment diagrammed, urogenital ridges
(containing both the mesonephric kidneys and gonadal
rudiments) were collected from 12-day embryonic mice.
One of the mice was marked with a B-galactosidase trans-
gene (lacZ) that is active in every cell. Thus every cell of
this mouse turns blue when stained for B-galactosidase.
The gonad and mesonephros were separated and recom-
bined, using gonadal tissue from unlabeled mice and meso-
nephros from labeled mice. (A) Migration of mesonephric
cells into the gonad was seen when the gonadal cells were
XY or when they were XX with an Sry transgene. (B) No
migration of mesonephric tissue into the bipotential gonad
was seen when the gonad contained either XX cells or XXY
cells in which the Y chromosome had a deletion in the Sry
gene. The sex chromosomes of the mesonephros did not
affect the migration. (C) Intimate relation between the
(A) (B) mesonephric ducts and the developing gonad in the 16-day
male mouse embryo. The duct tissue has been stained for
cytokeratin-8. WD, Wolfian duct. (A, B after Capel et al.
1999, photographs courtesy of B. Capel; C from Sariola and
Saarma 1999, photograph courtesy of H. Sariola.)




JKeHckue BHYTpeHHUe
r;,)‘ae:;:éau reHuTanum (marka,
MaTouHble TpyGbl,
ANYHUK Donnmkynbl weiika, BepxHee
DAX1 Knetku snaranvwe)
TeKn
WN”/’ Scrpored ——»
MonoBoil Banuk — - DWNOTeHUMANbHaa
roHaga MtonnepoB npoToK
SF1 Sm‘
W1 SOx9 Knetkn —>F1l 5 AMIF —
LHXS CEMEHHWK Cepronu Perpeccua
Knetkun —»SH TectoctepoH |—————— = OIT ('.1330;1: oA Gyropoi
Jeitpura /.—.,\ 1MO4ENONOBOIA CHHY C
MeHuc,
npocrara
Bonbdos My>XCKKe BHYTPEHHWE rOHN TANUK
NPOTOK (annamamuc, ceMABLIHOCALLMA

[TocTymMpoBaHHBIE CXeMBbI ITOC/TEIOBATE/TEHOCTH COORITHIA, MPHBOMALINX K
00paz0BaHHI0 palTHYHIX MONOBLIX (PeHOTHNOB ¥ MiekonuTaroiux. [Ipespa-
LIIEHHE MONOBOTO BATHKA B OMMOTEHLMATBHY IO NOHAIY NMPOUCXOMIHT, MO Beei
BEpOSITHOCTH, NoJ neiicTBHeM reHoB LHX9, SFIu WT1, NOCKONBKY MBIIIH,
He HMEIOLLIHE 3THX TeHOB, He HMeIOT roHan. bunoTeHuHanbHas roHaza aud-
(hepeHUHpYeTCS MO XXKEHCKOMY MYTH pa3BuTHA (00pazoBaHHe STMUHKKA) 11O
aeitcTeueM reHoB WNT4u DAX], a no MyXCKOMY IyTH pa3BuTHs (0Opazosa-
HHe CeMEeHHMKa) — noa aeitcteueM reHa SRY (Ha Y — xpomocome) u ayTo-
COMHBIX TeHOB, TakuX KakK SOXY9. B suuHuKe HOpMHUpPYIOTCS TeKANBHBIE M
TPAHVIE3HEIE KNETKH, KOTOPBIE COBMECTHO CIIOCOOHBI CHHTE3HPOBATh 3CTPO-
rex. [lon BIMaHMEM 3CTpOreHa (CHauana MOCTYNAKOLIET0 OT MaTepH, a IOTOM

NPOTOK, CEMEHHOI Ny3bIpeK)

MPOH3BOAALIEIOCS B FOHAAAX IU104a) MIOJLTEPOB MPOTOK Mona anddepeHL-
PYIOTCS B XXeHCKMe TeHHTATHH, @ ¥ poOuBILerocs peGéHKa BIOC/IeICTBHY
hopMHPYIOTCS KSHCKHE BTOPHUHBIE MTONOBLIE MpH3HAKK. Ce MEeHHMK NMPOM3-
BOIMT ABa BaXXHBIX ropMoHa. [TepBriit — 310 aHTHMIO/LTEpOB ropMoH (AMI),
BHI3BIBAIOLLINIT perepeccHIO MIO/UTepoBa poToka. Bropoii — TecTocTepoH,
BhI3bIBACT AHpdepeHUHPOBKY BONbGOBA MPOTOKA BO BHYTPEHHHE MOJIOBbIE
opraHsl. B yporeHHTATBHOM paiioHe TeCTOCTEPOH NMPeBPaLIacTCst B JUTHOPO-
tectocTepoH (JI'T), koTopriii 06ycrnoiueaeT MopdoreHes neHuca 1 npej-
cTatenbHoii keneasl (Marx 1995; Birk et al. 2000.)
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Figure 17.4 "
Summary of the development of the gonads and their ducts in
mammals. Note that both the Wolffian and Miillerian ducts are

present at the indifferent gonad stage.
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JludpdepennmpoBKa ronaj yejoBeka (IpoI0KeHNE)
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Differentiation of human gonads shown in transverse sectio
(A) Genital ridge of a 4-week embryo. (B) Genital ridge of a
6-week indifferent gonad showing primitive sex cords. (C)
Testis development in the eighth week. The sex cords lose
contact with the cortical epithelium and develop the rete
testis. (D) By the sixteenth week of development, the testis
cords are continuous with the rete testis and connect with tl
Wolffian duct. (E) Ovary development in an 8-week human
embryo, as primitive sex cords degenerate. (F) The 20-week
human ovary does not connect to the Wolffian duct, and ne
cortical sex cords surround the germ cells that have migrate
into the genital ridge. (After Langman 1981.)
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Ponp anTMMIOIIIEpOBAa TOPMOHA B ACT€HEPALIMHA MIOJIEpOBa
npoToka (1o KpbIchkl). ClieBa - OTKPBITEI 00a MPOTOKA,
cIpaBa -4epe3 3 CyTok nocie aeructBust AMH, OTKphIT
TOJILKO BOJIb()OB ITPOTOK

Figure 17.13

Assay for AMH activity in the anterior segment of a 14.5-day fetal rat reproductive tract.
(A) At the start of the experiment, both the Miillerian duct (arrow at left) and Wolffian duct
(arrow at right) are open. (B) After 3 days in culture with AMH-secreting tissue, the
Wolffian duct (arrow) is open, but the Miillerian duct has degenerated and closed.

(Photograph courtesy of N. Josso.)




TecToCTEPOH U 5 O-IUTUIPOTECTOCTEPOH - AHJAPOTEeHBI. T€CTOCTEPOH
CUHTE3UPYETCA B KJIETKax Jleiaura u oTBevaeT 3a 00pa3oBaHue
SIUIUAUMUCA, CEMEHHBIX ITy3bIPbKOB, vas diferens v, B MEHbIIEH
CTEIECHU, 32 00pa30BaHUE MOIIOHKHU U MEHUCA. JIUruipoTecTOCTEpOH
o0pazyeTcs U3 TeCcToCcTepoHa ((PepMeHT- 5 o —“KETOCTEpOUApEeayKTa3a),
CUHTE3UPYETCA MO3JHEE B MOUYETIOJIOBOM CUHYCE U B CEMEHHBIX
y3bIpbKax, 00JI€€ aKTUBEH B MHIYKIIMU 00pa30BaHUs yPETPhI, IPOCTATHI,
MOIIIOHKH U MEHHUCA.

HeOomnpiras oompyHa B JJOMMHUKAHCKOW pecIyOlIMKe MMEET YICHOB,
HECYIINX MYTAIUIO TTO (DEPMEHTY KETOCTEPOUAPENYKTA3E, U,
CJI€A0BATEIIbHO, HE COAEPKAIINX TUTUAPOTECTOCTEPOHA. ITH JIFOMIH C
reHOTUIIOM XY JI0 TTOJIOBOTO CO3PEBAHUSI UMEIOT HEPA3BUTHIC BHEIITHUE
KEHCKHE TTPU3HAKH, HO MPU MTOJOBOM CO3PEBAHUU OOJIBIINE KOJIMYECTBA
TECTOCTEPOHA BCE K€ CTUMYJIUPYIOT 00pa30BaHWE MOIIIOHKH U MEHKCA U
3TH JIIOIU UACHTU(MUIUPYIOTCS KakK FOHOIIIM.

B xierkax Jleliaura, KpoMe TECTOCTEPOHA, CHHTE3UpyETCs (1
CEKpPETUPYETCS U3 KIETOK) MHCYITUH-NI0A00HBIN ropmoH 3 - (Insl-3). On
BHOCHT BKJIaJ] B (POPMUPOBAHUE MOIIIOHKH



PanoHbl MyKCKOH IMOJIOBOH CUCTEMbI, (G oOpMUPYIOLIHECS
MO KOHTPOJIEM TECTOCTEPOHA U AUAPOTECTOCTEPOHA.

Urinary bladder

Pubis
Penis
Urethra—Ll&{
Vas deferens
Epididymis
[ ] Dihydrotestosterone-dependent
B Testosterone-dependent
Figure 17.12

Testosterone- and dihydrotestosterone-dependent regions of the
human male genital system. (After Imperato-McGinley et al. 1974.)
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JKeHCKkul HEMTPaAJIbHBIN MO U
SKCIIPECCUSA MTOJIOBBIX XPOMOCOM B OHTOT€HE3€ MIIEKOITUTAIOIIIUX

CTAJNA CAMKU CAMIIEI
OHTOI'EHE3A
3urora 2 XX 2A XY
A
binacromucra WNuakruBanus oqHo | X-XpoMocoMa aKTUBHA, Y -
13 X-XpOMOCOM XpoOMOCOMa He aKTUBHA
Ilepuon AxktuBHa oflHa 3 X- | AktuBanus SRY-rena Y-
SMOPHUOHATLHON | XPOMOCOM XPOMOCOMBI B IPErOHAJ1ax
nudd-ku ronan
llocnenyrommmue CoMaTuueckue CoMaThuuecKue KJIETKH:
CTauu KIIETKU:
OHTOIr'€HE3Aa AKTHBHA OJlHAa U3 X- | AKTMBHA X-XpOMOCOMA,
XPOMOCOM Y-xpoMmocoma
[2 ] HeaKTHBHA/MaJIOaKTHHA
A X(-) [2 ]

A XN



| opMOHaNIBHBIE MEXAHU3MBI
OJIOBOU JTU(PPEPECHIIUPOBKU



Mexann3m 1moiaoBou Ju(pHEpEeHIIUPOBKH 110 )KEHCKOMY THUITY

XX

bucekcyanbHas
MIPETOHAIA

Knerxku
rPaHyJIe3bI




Mexann3M noiaoBo AU @epeHIUPOBKU MO MY>KCKOMY THUITY
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Oynakuun PPMK (AMH)

» VyacTue B nidepeHIupoBKe KIETOK Jlenaura

» Hanpasienne nudepeHIMpoBKH MOJI0BBIX KIETOK B
CIIEpMAaTOrOHUM

*Perpeccus MIOJUIEPOBBIX KaHAJIOB

"OHYH_ICHI/IC ANYCK B MOIIIOHKY




JTanbl M0J0B0M TP PepeHIUPOBKH PEIPOAYKTUBHbLIX OPIraHOB
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T'opMoHa/IBLHBIN MEXaHU3M M10J10BOM AU PepeHIIMPOBKH
IKCNpeccud HUTOXpoMoB P-450 B meyeHn KpPbICHI
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I1om3aBuCUMOCTD IPOAOJIKHUTCIIBHOCTH JKHU3HHU

KomMnioneHT ocu NuaktuBupyromas deHoTun [IpoaOIKUTENBHOCTD
MyTanusi/HokayT KU3HU
Propl Prop4#/df MBIILI-KapIHKH] Pocr Ha 68% y camMoK
Ames Poct Ha 49% y camuosB
Pitl Pit]dv/dw MBII-KapIvKu Poct
Snell
Penienrrop CTI-PT GHRHR "Vt MBILII-KapIHKHI Pocr Ha 25% y caMoOK

Little (66% or Poct Ha 23% y caMI1ioB
HOPMBI)
CTT HNuakt. myTamuu KapnukoBocThb ?
Peuentop CTI' GHR-KO Mice MBbIIIr-KapauKu Poct
JlapoHa
NDP-1 HNuakt. myTamuu KapnukoBocTh ['ubenb 10
IGF-KO KapJIMKOBOCTh II0JTOBO3PEIIOCTH
Penienrop U®P-1 IGF-1R-KO*" Camku < Ha 5% Pocr na 33% y camok
Camrbel < Ha 8% Poct Ha 16% y camiioB
IGF-1R-KO™" Kapnuku [TocTHaT. cMEPTH







Oco0OEHHOCTH TTeproia PENPOAYKIIMH Y YEIOBEKA

« JIOJITOKMBYIIIMI BUJT (HU3KAS IUIOJIOBUTOCTD )
* MOHOOBYJIATOPHBIN [TAKJI

] [poA0JKUTENBHOCTh CBETOBOIO JTHS HE MCIIOIB3YETCS A1 MOIaBICHUS
Pa3MHOXKEHUS (OTCYTCTBUE CE30HHOCTH)

*PeyKius NpupOIHBIX MPOTHUBO3a4aTOYHBIX CPEACTB (CE30HHOCTD,
JaKTanus, 0epeMEHHOCTD )

*OTCyTCTBUE U3MEHEHMI (PEHOTHIIA U TTOJIOBOTO ITOBEACHUS B MOMEHT
OBYJISILIMY (KUBOTHBIE - U3MEHEHHUE OKPACKU KOKHBIX ITOKPOBOB, U3MEHEHUE
(beHOTHIIa BHEIIHUX II0JIOBBIX OPraHOB, U3MEHEHHUE IT0JI0BOT0 ITOBEACHUS,
MIOMCKHU caMIia, peakiys Ha epOMOHBI, JOPI03HAs 1103a U T.1I.)

*B03MOXXHOCTB JIOIOJIHUTEILHOTO ClIapuBaHU:A ITIOCJIC OBYJISAITUN ()I(I/IBOTHBIe =
3aKPBITHUC WJIN 3aPpAallICHUC BJlaraJIMIIA U T.I[.)

’yrHCTaIOH_IG€ HGﬁCTBHC JIAKTAallUH Ha OBYJIALWIO, 4 HC HA UMIIIAHTAIIUIO KAK
Y MHOI'UX BHUIOB KHBOTHBIX






JlvHaMUKa NPOAYKIIMHU AECTUAPOIIMUAHIPOCTEPOH-CYIb(ara
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CekpeTopHasi akTUBHOCTb M TOPMOH3aBHCUMBIE (DYHKITUM KJIETOK
Cepronu

CexkperopHasi AKTUBHOCTb:

*®PMK

* 5cTtporensl (OCI (1))

e paruOuH (OCI" (1))

* aKTHBUH

VIDP-1

» AunporeH-cBs3biBatonuii 6enok (OCI (+))

I'OPMOH3ABUCHUMBIE ®YHKIINUA:
«dopmupoBaHue U MOJIECPKAHNE TeMaTO-TECTUKYIISIpHOTO Oapbepa (PCI'(+))

» KoHTpOJIb cocTaBa cpejibl, OKpykaroliei nudhepeHIUPYOIUecs ClIepMaTOrOHNN
(PCT (+))

*Hanpapnenue nuddpepeHImpoBKU roHOIUTOB B criepMaroronuu (DPMK)
I[Iporpeccus quddhepeHIInPOBKH CliepMaTouTOB B criepMmaTo30u/ibl (PCI'(+))
o CTUMYJAIUS Opojudepauy MoJoBbIX KIETOK (aKTUBUH (+); HHTUOUH (-))

e @arouuTo3 pe3uayaabHbIX TeNell - HpoAyKToB criepmarorenesa (OCI (-))



