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il Cossecio) . Cnepmamozenes — THHAMAYECKHIA TIPoOIECE
Pa3sBUTHS MY’KCKHX I0JOBBIX KJIETOK,
HAXOASILIMIICH 10 CTPOrMM I'eHETHYECKHM U
rOpPMOHAJILHBIM KOHTPOJIEM, OAYHHAIOIIUiiCS
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C TeopeTnyeCcKon TO‘IKI/I 3peHI/I}I cnepmamaozenes NPeACTABIAECT COO0U
yI00HYIO MOJICIIb JJI U3YUYEHMSI MHOTHX BaXKHBIX MPOOJIEM
KJIETOYHOM M PENPOYKTUBHON OMOJIOTMH, TEHETUKH, PAJUO0OHOJIOTHH.

[IpakTryeckas 3Ha4MMOCTb MCCIICIOBAHUU TAKKE OUEBUIHA: B PSIJIE
CIIy4acB MY>KCKasi CTEpUIbHOCTD WJIH Cj1a0as MI0J0BUTOCTh TECHO
CBSI3aHbI C HAPYILICHUSIMHU OILJIOAOTBOPSIOMICH CIIOCOOHOCTH 3PEIbIX
CIIEPMHMEB, JIU0O0 C HAPYILICHUSIMHU HOPMAaJIbHOTO (PYHKIITMOHUPOBAHUSI
CRepMaAmo2eHHO020 Inumenus, BeIyyMI K MaCCOBOM rMOeIIH
KJIETOK M, KaK CIICJICTBUE, OJIUTO- UJIU a300CIIEPMHUM.

[TosiHBIE 3HAHUA PA3JIUYHBIX CTOPOH CHEPMAMOZEHHO20 RPoUecca
HEOOXOJIMMBI U TIOTOMY, YTO CJIy»KaT HaJIeKHOM OCHOBOM s
MOJTYYCHHUS 3HAYMMbIX U CTAOMIIBHBIX PE3YyJbTaTOB B 00J1aCTH
MCKYCCTBEHHOI'O OIIOAOTBOPEHUS, KPUOKOHCEPBAIIMU, PETYIISALIUU
IJIOJIOBUTOCTH KUBOTHBIX Y IJIAHUPOBAHUS CEMbBH.
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NTak, npobrnema KaK paHblle, Tak U Tenepb
OCTa€eTCs OOHOWU U3 LUeHTpanbHbIX Npobnem duonorm pasBuTus.
Co CBsI3aHbl BOMNPOCHLI pa3MHOXeEHU4,

OnSsI0O0TBOPEHUA U SIMDpMoreHesa.



C nev,uanuzupobaritite,
000-COONEHHLE O
COMANMUMLLKNK KAAMMOK,
ke ONd nonoboeo-
pazumnoncerus Bnepbote oot
0003 HAMLHbL 2eHumem Abzycmont
Betccanarnouwt; ko

deccmepmibsiinr ny mer IMpupodsl

(wnn rameToreHesbl), OTOPBABLUMMACA OT COMATUYECKOM
3IMOpUOHANbLHON CUCTEMbI U TeM u3bexaBwmnn auddepeHUUpPOBKHU, T.e. «COMaTU3aLUNY,
00CnyXnBarLWMN UCKITIDYNTENBHO TONMbKO cebf, npeacTaBnsieT CoOO0U psaa NOKONEeHUU
NOMOBbLIX KMETOK — OT NepPBUYHbIX (MPMMOpANanbHbIX) NOMOBLIX KMETOK, NoOABNEeHne
KOTOPbIX COBepLUaeTcs Npu opooneHnn y ogHMX OpraHn3mMoB B 6nacTtyne, y Apyrux — B
racTpyne, a y yefioBeka — B HeMpyre, 0 raMeT y B3pOCSibiX 0COOeM, yKe CnoCOOHbIX K
Pa3MHOXEHMUIO.

NonoBble KNeTKn pa3BnBarTCA B Taknx 3hpheKTUMBHbIX TEPMOANHAMMYECKMX MALLUUHAX,
Kak roHagbl. OHM ob6nagaroT cCNOCOOHOCTLIO BOCMPOM3BOAUTL BHOBD LieN0e, a He TONbKO Kak
npo4une KneTku nuuwb cebe nogobHoe. TonbKO o4HM NONOBLIE KNETKN He CTaperoT, a
HeOorpaHU4YeHHO Pa3MHOXAKTCA, B HAUX 3aKJIlOYeHa beccMepTHaA 4yacTb Tena.



UNepaprurrecat oproruzouud 3apodbtumeboro nymi
C nepmtamoze HHABUL PAD:
[Tepbusact nonoba kaemua -> [ otowum —>
Cmbounobadt CnepPitaAmMoeoHURNGHAL KAEINKA — >
[Tpozervmopiadt (KAMIUANGHAA)
CNEPMAIMNOLOHUANLHASL KALNKA —>
Duchipeppetiv cipptf foi utict CNEpPatamozouis —>
Meccowum -> Cnepuamuda -> IFpeasiec
CNEPMAINOZOUD.

C “nmurtteeo noema’’ wopouo Budno, wmo-
CNEPMANMOLUHHOMY  NPOURCLY cBoucmberrit
AHLAMOCNY W U UKAMAHOCIM, noBmopdemocmt w
NAPANNLAHOCINY COOBUMUL, NOCMOAHCMB0- cBa3eit .

TMepbotur uccnedobamesnear enepuramoeeresa oo Na-Baaemm—
Cerm— Koo
N Bneplite dstru yemarobaerst mepautbl cnepatamozotiie,
CNEPMAINOLLUINBL; CNEPMAMNUObL
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doyHKUMOHaNbHbIN, YeM oopManbHbIN KPUTEPUIN, MOCKOSTbKY MMEHHO MO
TOMOMOrMM CUCTEMbI Mbl CyOUM O CTENEHU ee YNopPAL40YEHHOCTU K
YCTOMYMBOCTU. [1pOCTpaHCTBEHHOE pacnonoXXeHMe reHOB, XPOMOCOM,
brnokaTannsaTopoB U OPYrnX KAKMX-TO BHYTPUKITETOUHLIX CTPYKTYP peLuatowmm
obpasom onpegendeT CUHTETUYECKNE, PU3NKO-XUMUYECKNE, MPOYHOCTHbIE
cBoMCTBa IOOOM XXNBOW CUCTEMBI.

[ToaToMy Mopdormucrosiormndeckme noaxoabl He AUCKPeaNTUPOBaHbI B HayKe,
HO NPOAOSKAKT OCTaBaTbCsA YAODOHBLIM 1 BeCbMa 3P EKTUBHBIM MHCTPYMEHTOM
Onga BM3yanmsayum NpocTpaHCTBEHHOIO nopsiaka (Mnmn xaoca) B pacrosioXXeHnn

KITETOK B CITOXHbIX TKAHEBbLIX CUCTEMaXx, B TOM YUCIE B CTPYKTYpe
cnepMaToOreHHOro annTenus.

Cawmble rnybokune TanHbl criepmMamo2eHe3a He cnpstaHbl rae-T1o rnmyboko Ha
9JTIEKTPOHHO-MUKPOCKOMNYECKOM UITN MOSEKYNSAPHOM YPOBHSX, @ OTKPbITbI 4115
0003peHns B o4eBUAHbIX daKkTax rmCcTONornm —Hayku oyayuiero, Hayku
MOJ10bIX.
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"[opoXxHas KapTa" crrepmMamozaeHe3a Ha npumMmepe fnadbopaTtopHON MbILLN

BAZAJILHBI KOMITAPTMEHT
g M & O603HadyeHus: As — crnepmaToroHvarnbHas

= é}@}@ - cTBonosas knetka (CCK), Apr, Aal —

o % B G‘ HeanddepeHUMpPoBaHHbIE CNEPMAaTOroHUN,
e Al-4, In, B — anddepeHumnpyowmecs

\/K, 1 | cnepmartoroHuu,

nJl, J1, 3, I, Qun, ] — npenenTtoTEHHbIE,
NEeNTOTEHHbIe, 3UTOTEHHbIE, MAaXUTEHHbIEe,
AVNNNOTEHHbIe, ANAaKUHETUYECKNE
cnepmartouutbl | nopsaka, Crl —
cnepmatouuT Il nopsigka,
OC — okpyrnble cnepmatuapl, 1-16 — ctaguu
co3peBaHua cnepmaTtug, C — cnepmartosons,
P! ;’1 - 1-4096 — TeopeTUYECKN OXnaaemble Ynucna
e Ml nonoBbIX KNETOK, KOTOPbIE MOTYT

\ \'S obpasoBbIBaTbLCS U3 OAHOW, BCTYNNBLLEN B
b P OC1
IW anddepeHumnpoBky As (Mo gaHHbIM
AJUTOMHHAJIBHBI KOMITAPTMEHT | Meistrich, 1986 ¢ nsmeHeHuamn).

Ba3anbHbIU KOMIapmMMeHm - akTUBHasi 30Ha Pa3MHOXEHUS, 30eCb OOHapPYXMBaeTCs BbiCOKast TenoMepasHas
aKTUBHOCTb, BbllUe, YeM B APYrnX KneTkax. B adnmromMuHanbHOM KOMnapmmeHme pa3BMBalOTCA MENOTUYECKME U
NMOCTMENOTUYECKUNE KINETKMN.
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OTa NpuHUMNuanbHaa cxema pasBuUTUA MYXKCKUX MOSMOBbIX KITETOK B CBOEM
NHTErpupoBaHHOM 06O6LLEHHOM BMAE NErko NpoeLmpyeTcs Ha criepmMamozeHes
npeacrtaBuTenemn pasHbiX rpynn NO3BOHOYHbLIX M BECMO3BOHOYHbIX, @ TaKXe Ha
criepMamog2eHe3 4enoseka.
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CnepmaToreHHbIN NpoLecc Ha4YMHaeTca Co CTBONOBOM KneTku. Kotopas nobut camoobHOBNATLCA U
KOMMUTUPOBATbLCS. B ramMeToreHHon HOMeHKNaType CTBOSOBbIE KITETKN CNEepMaTOreHHOro annTenmg
obo3HavalTcs Kak cnepmamoz2oHuu muna As. CTBOMNoBas KreTka, nogenmBlUNCh, OaeT Hayano
criepmamozoHusm muna Apr (cnapeHHbie). [iByxknetouHas cuctema Apr (cnapeHHbie)
nepexoauT K ganbHenwum geneHusm. B pesynsrate BO3HMKAKOT LEMNoYKM, cocTosiLme U3 4, 3atem

8 1 16 kneTok. OTu KNETKN Ha3biBalOTCA criepmamozoHussmu muna Aal (epynnoesie). Bee

cnepmamozoHuu muna Apr (cnapenHbie) u Aal (2pynnoebie) - oqHOTUMNHLI, MPONMMEPUPYIOT,
HO He anddepeHumpyoTcs. OHM - YacTUYHO anddepeHumpoBaHbl. 1, nogobHO MHOMMM

Eamimm t1ma AaalXa Al saen s

MPOreHNTOPHLIM KreTkam, 4acTo N pereHepaTMBHOW CUCTEMBI.

KaHanbubl €
HeandoepeHUNpOBaHHbI
MW CnepMaToroHnAMMn

Phillips B T et al. Phil. Trans. R. Soc. B
2010;365:1663-1678

Ilepuon pa3Butust Heoughhepenuuposannvlx cnepmamo2oHues MOKXHO Ha3BaTh IPOJIOIOM
criepmaroreresa. DopmalibHOM K€ TOYKOU OTCUYETA PA3BUTHUS MYKCKHX MOJIOBBIX KJIETOK,
Ha9aJIOM KOJIUYCCTBCHHOI'O pOCTa cnepmamozenuoﬁ cucmemal sAIBJISICTCA MOMCHT
Hp606paBOBaHI/I5{ cnepmamocorues muna Azpynnosbze 6 cnepmamocoHuu muna A1,
[Tocnenyromnue neneHus u aud@epeHIIupoBKa cnepmamozonues A1 BeayT K MOSBICHUIO HOBBIX
KJICTOYHBIX TC€HEPAIUi: cnepmamozonues munog A2 — As — As— In (npomesxcymounntii mun)
— B. BbkuBaHune v nponudepaunsa audpdepeHUmpyroLWwmxcs cnepmamo2oHuee muna
A1-As 3aBUCAT OT B3aMMOOENCTBUA MeXay peuenTtopoM c-Kit - NPOTOOHKOreHHbIM
bernkom, pacnonararoLLMMCs Ha NOBEPXHOCTU MYXCKUX MOSOBbIX KINETOK, U ero
nuraHgom — oaktopoMm cTBosioBom knetkn SCF, npoayunpyemMmsiM Kiiemkamu
Cepmonu.
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B pagy Mnto3oB oefnieHne criepMamo20Huee

po. " a' "s;gr?natoqoma TMna B — nocneagHee. 310 AeneHve npuBoauT
NS e © e ‘ o to% LIS TSN K 06pa3oBaHMi0 Ka4eCTBEHHO HOBbIX KMNETOK -
L\’_?-' b Vo 0, L2 ...’l SRre'L %) ciepmamoyumoe | nopsidka, BCTyNaloLmX B
PaW abis fe- Bel® g ® . cnokHyio npocpasy | wmenosa. Ha aTou
K ; 2 Knto4eBOU cTtaguum pa3BUTUA MY>KCKUX
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" MpoLEeCChbl, CBsiI3aHHble C  YHUKaIbHbIMU
| Npeobpas3oBaHNAMHU SAepHOro 7

uBHYTPUKITIETOYHOIO MaTepunarnos.

[locne aByX MeNOTUYECKUX AENEHNN KaXablU AUNNOUGHLIA NO XPOMOCOMHOMY
Habopy u TeTpannongHbein no cogepxanno AHK cnepmamouyum I nopsioka
OaeT Ha4varo YeTblipeM PEHOTUNMNYECKMN OQNHAKOBbLIM, HO TEHETUYECKN
pPasnNuU4HbIM ranfaougHbIM crrepmamuodam.

CnepmamuoOsi npexae Yem npeBpaTUTbCA B criepmMuu NPoxXoasT Yepes psa
9TanoB CO3pPEBAHMNA. OTOT NMPOLECC HA3bIBAETCHA criepMuo2eHe30oM. B
cnepMmnoreHese Toxe nNPomncxogsT HEODbIYHbLIE CTPYKTYPHbIE N DNOXUMUNYECKUE
N3MeHeHUs, NPUBOAALLNE K CYLLLECTBEHHbLIM YIMPOLLEHUAM MY>KCKUX MOSI0BbIX
KINETOK.



C To4KM 3peHnsa TepmMmoanHamMmmyeckoro dopmanmama criepmamozeHes —
npoLecc He coBceM naeanbHbin. OH CONPOBOXOAETCA OrPOMHbIMU
SHTPOMUUHBLIMWU NOTEPSIMN.

Kl napoBbIX MalLWH, Kak Mbl 3HaeM, coctaBnseTt 35-37%, B CEMEHHMKax
notepu knetok gocturatoT 60 -65%. [Mbenb KNeTok Yalle BCero NponcxoanT Ha
cTaguax pasMHOXEHUSI CepMaToOroHMEB 1 Meno3a. Y CTapbiX MYXXYUH, HO He Y
Mosnioabix, NnpubnmnantenbHo 40% npesienmomeHHbIX/fIenmomeHHbIX
criepMamouumoe OEereHepPUpPYeET, Npexae YemM CTaHyT naxumeHHbIMU
cnepmamouyumamu. o gpyrum gaHHbim, 30-40% crnepmaTtounToB Ha CTaausIx
naxumeHbl U OUNJI0mMeHbI TMOHYT BO BpeMS COOCTBEHHO MENOTUYECKMNX
AeneHunn.
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Kaw o6t mauwr v dstno-, Ho- Y enobexa ¢ kancdstun dueruean
cepdua popumupyromcd dovee 1000 enepumamozoudod.




B HacTosLee BpeMs CyLLECTBYIOT BE TOYKM 3peHUd Ha ABeHne
KaTacTpogunieckon NoTepu KIeTok BO BpeEMSA criepMamo2eHH020 rpouecca.
C ogHoM CTOpPOHbI, NpeanosiaraeTcs, YTo KneTtoyHas gereHepauua — ato
MeXaHW3M, C MOMOLLbIO KOTOPOro SfIMMUHUPYIOTCA KIETKU C TAXKESbIMU
XPOMOCOMHbIMW aHOManusamMmn. C apyron CTOPOHbI, OMNYCKaeTCH, YTo,
NOCKOSbKY BENMYMHA AereHepaunm B KaxkgomM KOHKPETHOM crnyyae BennymHa
OTHOCUTENBLHO NOCTOAHHAs, MMOESb KNETOK MOXET ObITb CBsi3aHa C UX
nepenpoun3BoacTBoM. A N30bITOYHOCTb, Kak M3BECTHO, UCKITOYAET BO3MOXHOCTb
YCTONYMBOrO pa3BUTUA. XOPOLLO N3BECTHO, YTO, HaANpuUMep, B AOepPHbIX
peakTopax, YTobbl OHU He NoLWnM B pa3Hoc, "nuHne" BbICTpble HENTPOHDI,
BO3HMKalOLLME B pe3ynbraTe pa3BeTBEHHbIX LEMHbIX AOEPHbIX peaKkLuni,
nornowiaroTcsa BellectsamMm-samennnuTenamm, B YHaCTHOCTU, rpadoUTHbLIMMA
CTEPXKHAMU. B ceMEHHMKaxX posib TakMx CBOeObpa3sHbIX rpaPUTHLIX CTEPXKHEN
BbINONHAT Ks1iemku Cepmouriu, haroumntupyowme «JMwHNE» KIeTku.
Ob6e rmnoTesbl Apyr Apyry He NpoTMBOpeYaT 1, CKOpee BCero, obe sBNsTCs
BEPHbLIMM, MOCKOMbLKY OTCEMBAHME XyALLEro n n3dbITOYHOro B HOPME
CNOCODCTBYET COXPAHEHUIO BbICOKOU YNOPAO0YEHHOCTU CUCTEMDI.

OAHaKo BaXXHO J06aBUTb, UTO NPU CUIBHOW MYTareHHOM HarpysKe 3/IMMMHALUOHHbIA annapar He B
COCTOAHUU OLLeHUTb OFPOMHbIA NOTEHLMAN MYTaLLMWN, BOSHUKAIOLWMUX B MYyMHCKUX M0/108bIX KAEMKaXx.
MHorue ToueuHble, reHHble MyTaLUuM YCKOb3aloT OT penapaulMoHHOro KOHTpoaA. MyTaHTHble
K/IeTKU 4aCTO AEMOHCTPUPYIOT BbICOKYIO }KU3HECNOCOOHOCTb M CNOCOBHOCTb KOHKYPUPOBATDb C
HOPMa/ibHbIMMU FEHOMaMM 33 TOYKU ONNI0A0TBOPEHMUA.
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\‘ ‘ spermatogene5|s \ \‘ Disruption of the gene function results in
' spermatogenic arrest at different levels of

' spermatogene3|s. This model depicts the 10
different steps of spermatogenesis and assoc-
lates them with the protein expression of jsd, c-

spermatogonia spermatagytes Spermattds

mlipish
’

:l
~,

f— m—— . :
| — ' kit, Dazl, boule, cdc25, CREM and protamine.
|| e — ' Lack of jsd, c-kit and Dazl resultin a
L \\ | ! spermatogonial arrest, Boule and cdc25-

\“’ | G n— " deficiency leads to a meiotic halt while missing

’ \

, ¥ . 4 CREM and protamine expression arrests
O @ @ @ @}e@ . 9 6 spermatogenesis postmeiotically. Abbreviations:
noo Spermatogonia A (A), spermatogonia B (B),
preleptotene (PIl), leptotene (L), zygotene (2),
= pachytene (P), secondary spermatocyte (ll),
,< round spermatids (rS), elongating spermatids
' (eS), elongated spermatids (S).

Spermatogonial arrest Meiotic arrest Postmeiotic arrest

.
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‘ d -
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J. Wistuba et al. Mammalian Spermatogenesis - '
- Functional Development and Embryology ©2007 Global Science Books \ » .. -
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Pituitary
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"~ germ cells

|. Teslosterone

J. Wistuba et al. Mammalian Spermatogenesis

Functional Development and Embryology ©2007 Global Science Books \

kKisspeptin is secreted from the brain and
stimulates the release of gonadotropin-
releasing hormone (GnRH), secreted from the
hypothalamus, which induces the release of
both gonadotropins, luteinizing hormone
(LH), and follicle-stimulating hormone (FSH)
from the pituitary. LH stimulates the Leydig
cells of the testes to produce and release
testosterone, whereas FSH stimulates Sertoli
cells of the testes to support the germ cells
to undergo spermatogenesis. Serum
testosterone and inhibin down regulate the
production of kisspeptin, GhRH and both
gonadotropins in a negative feedback loop.
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C nepuamorotmantisie w bee nocaedyrow,ue
KAMOMHABLE 2eHepauun Bnaoms do- cmaduw
enepuaramozoudod pazbubatomes kak
CAUHAL UMNMUANEHALE KAOHAL:

®akm cuHUuUmMuanbH0o20 pa3eumus KIemoYHbIX nonynsauul umeem 8axHoe
obwecucmemHoe 3Ha4yeHue. CuHuumul - amo He rpocmas cyMmMa Kriemox,
HO pa3sepHymbll rnopsiOoK Kriemo4yHoU Kooriepauuu, obecrieqdugarouwjuti
KOMMYHUKaUuuoHHoe pasHoegecue. B omnuyue om CCK, umerowux 6onbuwe
803MOXXHOCMeEU rnepemMmeuwamscs 8 rnpocmpaHcmee, KIremoyHble
«UHOuBUOyanbHOCMUy 8 cuHuyumuu, 6yoy4u XXeCmKO CKPEerieHsbl
MEXKITIEeMOYHbIMU MOCmuKamu, riuueHbl ceobo0bl nepemewieHus. Cesidb
MeXXQOy Kremkamu 30echb ocyulecmaerisiom mupuadbl XUMUYECKUX MOJSIEKYI,
KOMmopble yXKe He A8I1imcs «HacmHyou cobcmeeHHOCMb» mou usu UHou
omaoesribHOU KIemku, a Haxo0sImcs 80 8riacmu 8CeX Kr1emokK, Oop2aHU308aHHbIX

8 «(CBCPXKIIEMKY ».

Knemoynas ennobanusauyusi cosdaem eduHoe UHpOopMayUuoOHHoEe
rpocmpaHcmeo, 8 KOmopoM 8ce rpooOyKmhbl 3KCrpeccuu 2eHo8 -
puboHyKrneuHosble Kucriomel, bernku, oepmeHmsl - pacrpeoersomcs
pasHOMepPHO MeXAy KriemkKamu.



Takasi 603MOXXHOCMb Bbiria doKasaHa aKcriepumMeHmarbHO aMmepuKkaHCKUMU
uccriedosamernamvu bpayHom u BpuHcmepom Ha rnpumepe mpaHC2eHHbIX
2eMU3U20mHbIX Mbllax. B 2eHOM amux XXU8omHbIX UHMezpuposaru
XUMEPHbIU 2eH, cocmoswul U3 peayrnsamopHbIX rnocredogamerisHocmedu,
KoOupyrowux oOHy U3 gppakuyuu criepmuocrneyuuyeckux,
rnpomamuHorno0obHkIx berikoe MP1 u cmpykmypHO20 2eHa 20pPMOHa
pocma 4ernoseka. [lpudem KoHcmpykm 06bi1 ripedcmaesrieH morsibKo 8
OO0HOU U3 08yX 20MOJ102U4YHbIX XpOMOcoM. EcmecmeeHHO, rocrie
Meltomuyeckux derieHul morsibKo rosioeuHa obpasoeasuwiuxcs criepmamud
Hecrnia mpaHcaeH. OOHakKo npodykmel mpaHcaeHa - PHK u 6enku -
pasHOMePHO pacrpederisanucb Mexoy eceMu criepMmamudamu U
criepmamo3oudamu. ToyHee 2080psi, OHU bbiriiu obHapyxeHbl 8 89-90%
crly4qyaes.

Pedu u e20 kosineau ysudesiu aHaro2u4yHyro KapmuHy Ha Mooeriu
aHeyriniouduu rno 16 xpomocome. Oma XpomMocomMa HECEM 2€Hhl,
omeemcmeeHHbIe 3a CUHMe3 rnpomamuHorio0obHbIx berikos. Tak eom
aHeyrinioudusi rno 16 xpomMocome He 8bi3blgasia HapyweHuUU 8 cooepxxaHuu
amux berikos, obpazosaHuuU OUcyrIbOUOHBIX MOCMUKO8 8 XpoMamuHe 8cex
3persnbix criepmamo3oudos. Kak riokasarnu umarbsiHcKue uccriedosameriu,
3YrriouOHbIe U aHeyrn/oUudHble 2aMembl He omiiuvarnucb dpye om opyaa o
MOJIeKynspHOU opa2aHu3ayuu.



Becbma nHTEpecHa rmnotesa U3BeCTHOro aHrMMUCKOro y4eHoro

P.[lokuH3a, cornacHo KOoTopoi HeoBXoaNMMOCTb pacrpeaeneHns
OenkoBbIX NPOAYKTOB (TaKXKe KaK U BbIKNIOYEHUs reHoMa
) CBSI3aHa C reHeTU4eCcKo HeOAHOPOAHOCThIO
, M Npu3BaHa MUHUMU3NPOBATH
reHeTU4eckn o0yCnoBNEHHbIE Pa3nNMunsa Mexay crnepmaTosongamu,
MOCKOMbKY MyTauuu, npusogsLLne K 6onbLuen KM3HecnocobHOCTU raMer,
B JarbHelweM MOryT okasaTbCs BpeaHbIMU AN OPraHM3MOB.
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B pe3zystmame CUHAULUIMUANHO20- 00'DeOUHBHAUSA
nounobute knemkuw nonadatom 6 odust
meamnoumnp, uwmetom cboe nezabucuuoe
by mpertiee Bpeata, "weubym w
pazbuboatomes ¢ 0OHOUW W Mo WeL CROPOCMBID.
C UHAU UMM = NPUMESP OUONOZUMLLK O
COAMOOPLAHUZOU U, NEPLROOA CUCMEMAbL O
RAOCYNUMELAK OO COCMMOAHMUA K

c/aymw,w‘/www Y noPA00MEHHOCIMUL,

<Cheprusemuy >, Mg KOMMNALKL
HAOBHOUBUDY ANt HO20- NOPADKA DUKIMYANCL
I HEPLAMUMLLH O URALLO-O0 PAFHOCIMGHO.
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HenpemeHHbIM ycnoBMEM BO3HUKHOBEHUS LLEMHOW CNepMaToreHHOM peakummn asnsetca Haandme nyna CCK,
Pa3MHOMaloLWMXCA crnepmamo20oHues. 1o aHanormMm ¢ pasmHOXKeHMeM HEUTPOHOB, KO3 PULMEHTOM
Pa3MHOMEHWNA CMEePMaTOrOHMEB MOYKHO Ha3BaTb OTHOLLEHWE YMC/la CNEePMATOrOHNEB, BO3HUKLLUX B

HEKOTOPOM 3BEHE peaKLMK, K YAC/TY TaKUX XKe CNepMaToOroHMEB B NPE/LLECTBYIOLLEM 3BEHE.

Pa3BuTME LLeNHO cnepmMaToroHnanbHol peakummn Tpebyet K21, roe kK — KoadpdrLUmMeHT pasMHOMKEHUA:
(k = Az/A1, As/A;z, As/As, In/As, B/In).

BennunHa k onpegensetca MHOTMMMU BEpOATHOCTAMMU: 6aNaHCOM NPOLLEeccoB NpoandepaLmMm u anonTosa,
Kputnyeckon maccon CCK, pocmoebimu chakmopamu, CUHTE3NPyeMbIMU KaemKamu Cepmonu. Echn n
— 4YMCNO CNEPMATOTOHMEB B KAKOM-TO 3BEHE CMEPMATOreHHOM peaKkunm, TO B C/IeayHOLLEM 3BEHE
cnepmaToroHues byaet n-k. Mpupoct dn yncna cnepmaToroHMeB 3a OAHO «NoKkoneHue» ( aeneHue)
paBeH:

dn = kn-n = n(k-1).

Mpu k > 1, n pacteT c Te4YeHMeM BpeMeHM U LienHasa peaKkLma Ha3blBaeTca YCKOPAIOLWENCA
(passusatowerica). Mpu k — 1= 0, 1.e. k = 1, N = No, YnCcNO cCNEPMaTOroHMEB HEe U3MEHAETCA C TeYeHNeM
BPEMEeHMU, N peakuma Ha3blBaeTca camonoaaepskusatoLLenca (ycnosue k = 1 onpenenaer KpUTUYECKUi

peXxnum peakuunu,
npu k < 1 pexkum HasbiBaeTcA NOAKPUTMYHbBIM, a npu kK > 1 — HaagKpUTUYHbBIM). ECAn Yncno cnepmaToroHmes
N meHblwe Yncaa cnepmaToroHmeB No, TO NPOLECC PA3MHOXKEHUA MOXHO CHUTATb 3aTyXaOLWMNM.

YnpaBaaTb cnepmaToreHe3om — 370 BO34eNCTBOBaTb Ha ero npoueccsl, ceasaHHble ¢ nynom CCK v yenHol
crnepmamoz2oHuUanbHol peakyuedl.
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Ldired by
Michael K. Skinner and Michael D, Griswold

- @ AUHCTBEHHbIN TUN COMATUUYECKUX KNETOK, MPUCYTCTBYIOLMX B
CEMEHHbIX KaHanbLax. OHM MHTErpMpPOoBaHbl B CNEPMATOreHHYH CUCTEMY,
0bpasyloT C HEN eaMNHOEe CTPYKTYPHO-PYHKLIMOHANbHOE Liesoe.

N xoTn cBO6OAHbI OT GYHKLUUM 06pa3oBaHUA NOTOMCTBA, UX POJIb B
perynaunm npoLeccammn cnepmartoreHesa — seayuwasn. OHU y4acTBYIOT B
rOPMOHANbHOM pPerynauum cnepmaTtoreHesa, B ¢paroumtose AereHepupytoLmx u
CTapeloLmx NOJIOBbIX KNETOK, CNepMmnaLmu, BbINOJTHAIOT ONOPHbIE U
Tpodpuueckme GyHKUUU. CNOXKHbIE NNOTHbIE KOHTAKTbl, POpMUpPYIOLLIMECA MeXKAY
, Pa3aenaT ceMeHHble KaHablbl Ha 6a3anbHbIN K
aA/IIOMUHANbHbIA KOMNAPTMEHTbI.

[TOKa3aHO, YTO HapPyLEHUA CTPYKTYPbl KAHA/NI0OB B 30HE MEMKK/IETOYHbIX KOHTAKTOB
BC/eACTBME MYTALWUU FeHa KOHHEeKCUHA BO3HUKaeT “rnyxoTta” KNeToK K
PEryIMpPyoWwmMm CurHanam. Y HOKayTUPOBAHHbIX MO 3TOMY FreHy MbilLEeMn
bnoknpyetca anpdpepeHUnpoBKa , HO NoAaepKMBAETCA UX
nponndepauyma.



Kuenmuww Ceprmonn npedomBpan, atom HAPANMAHUEL LUCAR
nouobotr kaemoi w noddepreubarom eneparamozestiyto
cucmemy 8 HeodxoOUMOM CMAUUOHAPHOM COCHMOAHAL:

B cemetttty kKaranbuar kaemnw Cepmonw pabrowepto-
PACNPLORASAO ML el NONOBELK KARMOHK, O-HAL MAHY ML O
0AZANbHOW MEMOPOtAL Leped Bero mouuy enepumamozeHHO20-

Inumeaund. Kancdas kaema Cepmon odcaynweunbaem
ONPLOLNLHHOY LUCNO- PAFBUBatou,urc Mmyncerur nonobstw
KAMNOK,, A KAKOE IO~ LUCAO- MOMHO- ONPLOeUIMb MY OHO-

[Tpaboa, amo- He KALAMMCA YOMMEAAO U URLS CNEPIMANND,
KOMOPHLEL NPOCINMO- FANUMBL B ANUKANBHAUL KOHEU, KANNOHK
Cepmosi

O npedeseto, LMo CMMHOUMLHAUL YOO Ul WKL CNEPMOANUD K/
ke o Cepmos ecmb 2ABHEUL NOKAZAMEND,
ONPLOLNAAO Ul UL eHCLOHEBHY IO NpPOdYKu,uto eneputamodoudod.

O MHOomeHUE YOMMUHAAO U WKL NLPMAIMUD : ke Cepmosin
Bapoupyem o 9.75 y noveBrkw 0o- 12.17 Yy kpouka. Y o0e3bitt
IMO- FHAMEHUEL el Huwee — 5.94.



Knetka CepTon

CPEE CCMCHHOT0 KAHATEOA MEIIIN
CTpy Rvpa Kirerkn Ceproau (mo Fawsetf, 1975, ¢ m3mMeucnuayu) (VER. 06, *x40)

AY

TP eaacuil Hnaonaa3viaTHUYCCR i
PEIHKNIYM,

MKET  mukporTpydouia,

M1 — MULTOXOHIPHSL,

OC - oxpyriag cHepyarnia,

I morsMCHTHAS IPaHyIa.

HICT— cliepMaronms na Crajanm HaxureHn,

PII  puzpavaneinad METOMTIAIME CIICPMATHA,

Cl - cugpmarol oHmns,

YO vnmmsIenaaca enepMaTHa,

LLEST 1> = niepoxosarsiil 3HA01IIASMATHUS CKHIR
POTHIVITYM,

HARKC — supo Krerky Ceproil,




B cemMeHHMKax nosioBo3persbiX MeKonuTaoLwmx
TEPAKT CNOCOBHOCTL K nponundepaumu.

Y MbIlIEN U KPbIC MUTOTUYECKMNE OENEHNS NpPaKTUYECKU
NOMNHOCTbLIO 3aBepLUaloTCA Yepes 2-3 Heaenu nocne poxaeHus.
[lpaBaa, y yenoseka 1 apyrux npmMmaTos - COXpPaHsAoT

MUTOTUYECKYIO aKTUBHOCTb Ha MPOTS)KEHUN MHOIMX MECSILIEB NI Oaxe
neT nocrie poXxaeHusi. Y B3pOCIbIX OPraHM3MoB Monynsuus
npegcraBnsaeT cobon cTabusbHyo
BblCOKOANMPJEPEHUMPOBAHHYIO KIETOYHYIO CUCTEMY.

obnagatoT NOBbILLEHHOW YCTONYMBOCTBIO K
NOBPEXOEeHUAM.



SAMP1
Senescence
Accelerated

Mouse

SAMR1
Senescence
Accelerated

Mouse

KUBOTHBIE B Bo3pacTte 11 mecsiien

N TeM He MeHee.

Bo3mMmoXHOCTb nponudepaunu
B CEMEHHUKaX B3pPOCHbIX, MOSI0OBO3peribiX
rpbi3yHOB Oblfla NoKa3aHa HaMU C NOMOLbIO
MHOYUMPOBAHHOINO XMMUYECKOro MmytareHesa u
Ha 6uonornyeckon Mmoaersriu YCKOpeHHO
cTaperLwmux Mmbillen, cTpagaroLwmx
HacnencTtBeHHOU ()OpPMON BUPYCHOUN JIeMKEeMUMN.



AKC — nenerue RC. MM — npometochastoe anpo KC, AM — aHomankHEIA MUTo3, AH — aHoMankHOE AR KNeTkl Cepronu,
- aapa KC ¢ HOpManNeEHOW W - AHOMANBHOH - ,EI,E.",f":I,EalHI:IH KRETKIA, HFI ﬂ;u:m HEOPMANBHOK mmr:rinmnnmn
A, — — BRINaAaHILLILA ATHHOELIE kDK




Kuemue Cepmonie (KC) y 63pocasix wmotwedl nocae npolederud

4YNCNO KNeTok

KonnTogavas

0+

? 4

35 56 0 W 100

o ANMTENLHOCTS KPVNTOPXKIMA, CYTIA
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COMTPONE 14 35 % 100
ANUT HOCT b KDUNTOPR , CYTKH
[E] - sapeuno - 2 rapowks =3 Anpeiuka

Pesynbrathbl n3ydyeHus krremok Cepmournu (KC)
B3POCNbIX MbILLEN NOCNe NPOBeAEHUS onepaumn
BunateparnbHOro KpMNTopxuama.

a, 6 — nonepeyHble Cpe3bl CEMEHHbIX KaHarbLEB
NHTaAKTHOIO CEMEHHUKA (KOHTPOSb) U
KPUNTOPXMOHOIO CEMEHHUKa (35 CyT KpMNTOpXmM3ma)
COOTBETCTBEHHO (OKpacka reMaTOKCUITMH-303UH),

8 — rpacduk nameHeHus Ynucna nHtepdasHolx KCy
KPMATOPXUAHBIX MbILLEN MO CPaBHEHUIO C
KOHTpomnem (* — pasnnunga CTaTuCTUYECKN 3HAYNUMbI
npu p < 0.05),

2 — OoTHocuTenbHoe cogepxanune aaep KC c
HETUNWUYHOW OpraHn3aumnen OKONOSAAPbLILLKOBOIO
rerepoxpomaTtmHa Ha pasfnyHble CPOKU
KpunTopxuama,

01—4 — npuMepbl OpraHn3aumm OKONosAPbILLKOBOrO
retepoxpomatmHa KC B Hopme UM onbiTe (OKpacka
no denvreHy),

€ — CooTHoLeHue Yucrna KC ¢ pasnnyHbIM YMCITOM
AAPbILEK Y KOHTPOSMbHbIX U KPUNTOPXUOHbIX

= MblLLewn,

x1-4 — KC Ha oTne4aTkax CeMeHHUKa,
OKpaLleHHble HUTpaTom cepebpa. Obo3HauYeHus:

| KC — knemku Cepmonu, M — knemka Cepmonu

Ha cTagun metadbasbl, S — agpbiwko, MA —
MUKposapbiwkn, T — kriemka Cepmosiu Ha cTagun
Tenodasbl.

Mo mamepuansun padomist O.M.Yenomdumbro, TN.Mapwar, C.T.3axmdoba, 2008 @



O yemM roBopAT Hawm HadGnAEeHUS.

BO-I'IepBbIX, OHU CBUAOETEJIbCTBYIOT B MNMOJ1b3y TOIO CbaKTa, YTO BO
MHOIX Clliy4adX camMble CI10>KHbIE, beH,El,aMeHTaJ'Ibele
BOMNPOCHbI B eCTECTBO3HAHUN peELLAOTCA NMPOCTbIMU
IKCNnepmmeHTamn, 3aaoJiro Ao packpbiTA NX TOHKUX
MEXaHN3MOB.

Bo-BTOpbLIX, OHX NOATBEPXKAAKT NOSIOXXEHNE O TOM, YTO
HeobpaTumoe BNOKNpPoBaHME PAa3MHOXEHUS Crny4yan

OOBOJIbHO-TaKuU pegkun.

B cBoe Bpema U.A.Panonopm nucan, Yto....«MosibKo 8 Hep8HoU
cucmeme briokupogaHue Heobxooumo. Ecru 6kl HelUpOHsI
desniunuck - amo Hapywarso bbl apXumeKmOoHUKY Hep8HoU

cucmembl, Komopasi ugpaem 8axKHyH posib 8 omobpaxkeHuu

OKpyxaruie2o mupa. Hoebsle Krnemku bbiru 6kl nnuweHbl mou

UHopMayuu, Komopas 3agukcuposaHa 8 cmaphbix Kriemekax.
Pa3baerieHue Ho8bIMU KriemKamMu co30agasio bbl nomexu u

CyuwecmeeHHbIe 3ampyOHEHUSs 8 peaucmpauuu

UHGbOPMaUUOHHbIX U riodaye ucriofrilHumesibHbIX cuaHarsos.

[lepedaya uHopmayuu He yrnydwunack bbl U 8 MOM criy4ae,

ecriu bbl oHa dybriupoeganacsk riocrie 0esieHUs1 Hep8Hou
KIeEMmMKU».



PesynbTaTbl HalMX HAOMOAEHUM HALWNWM NOATBEPXKAEHNE B
9KCNnepuMeHTarnbHbIX UMMYHOLIMTOXMMNUYECKUX NCCITEA0BaHUSAX.

B8 - Adult Rat C —d5 Hamster E — Aduit SD Hamster Adult SD +4d FSH
These micrographs illustrate the reactivity of a proliferation marker (PCNA,; red) and nuclear marker
(GATA4; green) in testis sections, as assessed by confocal immunofluorescence, with coexpression appearing
yellow. The immature (day 9) rat (A) served as a positive control, because are known to proliferate at
this time. However, the adult rat (B) served as a negative control at this time, when are known not to
be proliferating. Immature hamster expressed PCNA (C), but only isolated, low-level reactivity was
observable in the adult SD(E) hamster testis. Intense PCNA reactivity was observed in the SD

hamster testis treated with FSH for 4 days (F). Boxes are controls in which the primary antibody was substituted

with an equivalent concentration of a nonspecific antibody from the same species.
FSH - ¢pbonnukynocmumynupyrow,uti 20PMOH.
SD- short-day photoperiod (8L:16D).

G.ATorwlli et ol., 2006, BIOLOGYOF REPRODUCTION 74, 798 —806



oxre aple to- proliferate un vitro-

A) The percentages of cells in culture that are positive for the marker vimentin and the
percentages of mouse that experiments. vim, vimentin; pos, positive. B—D) Adult mouse
that were positive for BrdU after 6 days (Band C) and16 days (D) in culture. Red indicates vimentin-positive cells;
dark blue, BrdU-positive cells (arrows). Arrowheads indicate BrdU-negative . E) Adult human
isolated from a biopsy specimen and cultured for several weeks. F) Several were positive for
vimentin (red) and BrdU (dark blue) (arrowhead). The inset shows vimentin-positive mouse with large

nuclei and three nucleoli (arrowhead) in a 4-day culture. (E. A. Almed et al., BIOLOGY OF REPRODUCTION 80, 1084 —
1091, 2009).

Cnpabedrubocnmin padw, 0OHAKD-, omuemmut, wno-ewmt 8 1977 wody Marino et al. nokazanuw,
wmo- ke Cepmoin 8 kyabmype micarn nonoBozpeaceo kposura 8 nepbite O
kyrmubupobaria POAZ~MHOo—wea—aunct (!).



Kynerypa KC ¢ B&ICOKOH NNOTHOCTE!0 NOCARKK KNETOK

Feayaemamet uctotttf O UAMOXUMUALECHKO20-
wecaedobarud kyasbmypol kaemonr Cepmon (KC)
G3pocasix motineii

Kynerypa KC € MUIKOR NNOTHOCTBIO NOCAAKM KNETOK

(6.5 109 k-ricr?)

(3.5 x 105 xwlem?)
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A

a, 6 — OuHaMuKa U3MeHeHUs1 4YucJsla K/1emok,
akcnpeccupyrouwux mapkepsb! KC (vimentin, Wtl,
cytokeratin), a Takke Bknovarowmx BrdU, B npoueHTax ot
ofLLero Yncna KneTok B KynbeType;

8 — 3apacTaHue Kynbtypbl KC donbpobnactonogobHbiMm
KneTkamu Ha 13 cyT KynbTuBMpoBaHUA (as3oBbii KOHTPACT);
2 — konoHus vimentin+-KC Ha 20 cyT KynbTUBMPOBaHMS
(kopnyHeBas uuTonnasma);

0 — konoHua KC Ha 8 cyT KynbTMBMPOBAHUS!, COCTOSALLIAA Kak
n3 Wt1+-knetok (kopnyHeBble sapa), Tak u u3 Wt1—-knetok
(4epHble cTpenkn) (oKpaLleHO reMaToKCUITMHOM);

e — konoHust KC Ha 13 cyT KynbsTMBMPOBaHWUS,
cogepxawas Vimentin+/BrdU+-knetkn (kopniHesas
uuTonnasma, cepble sapa);

X — KonoHust KC Ha 20 cyT KynbTMBMpoBaHus (oa3oBbin
KOHTpacT);

3 — KonoHust Wt1+-KC Ha 8 cyT KynbTMBMpOBaHUSA

(OOKpalleHO remMaToOKCUITMHOM);

u — Cytokeratin+-KC Ha 3 cyT KynbTMBMPOBaHMS
(kopnyHeBas uMTonnasma) (4okpalleHo remaToKCUIMHOM);
K — konoHus Cytokeratin+/BrdU+-KC Ha 3 cyT
KyNbTUBUPOBaHUS (KOpUYHeBada LuuTonnasma, cepble sapa)

(,EI,OKpaLIJeHO METUINEHOBbLIM 3eJ'IeHbIM).

Mo mamepuanom padomst EA.Manowuroin, A0 Kymdurna, T.N.Mapuarx,
C.T.3axundoba, 20112



Y HakayTMpOBaHHbIX Mblllen No reHy Rb, koanpyowemy 6enok peTmHobactomel, B
HOpMe nokodALmecs BXOASAT B LIMKJIT KITETOYHOM PENPOaYKUNMN.

RB deletton caounses umpairment of

C s J
"
s
RbcKO | :
) E F

C—-F, immunofluorescent analysis of BrdU (red) and Sox9-GFP (green) indicates that occasional 6-wk-old Rb cKO
show persistent DNA synthesis (S phase). Arrows (C) indicate that were not BrdU
positive.

R. L. Nalam et al., Mol Endocrinol, November 2009, 23(11):1900-1913



Ecaur ot cuememtar

ougppepervyupobor B3pocnoeo
OPLOHUZMA, wwvwmw 6

¢y
Ooeduppeper,upobiotn, mo- amo-
MLMANO- Dbl e20- BoZuoncHocmw

NPUCNO-COONEHUS:
N.A.Panonopm
Demepatuttagudt — Imo- Bceeo- Lt oLparu e, Ho-
He 3aBepuerine. Takumu 00pPAZOM, Kaemiiw Cepimodic He
NPO-CINO- FAKOHMEHO- dUpgepperuupobatist, a npotmo-
demepatiumripobatisi.
Demepatittavud — KAMLANNBLHALOL 0 peoeeHne
cuenmeatist: COCMOAHUEL PONMMUKAYNINPHON CAUCANEMSL
rkaemot Cepmouiie YCAobHo- KOHE O




[1na cnepmaToreHesa OeNneHnsa xuemosx
Cepmmosey; OMEBUOHO, HE CTOSb

KaTacTpodu4Hbl. [laxke ecnn B KaKOM-HMOYOb
Yronke CEMeHHOro KaHanbua xuemua

Ceppmoec 110 KaKUM-TO NPpUYMHaAM BOUET B
OeneHne, pasBuUTME He NPUOCTAaHOBUTCAH,
npoaykuusa cnepmmeB dydeT npodosKeHa 3a
cyeT PYHKUMOHUPOBAHUA OPYrMX CETMEHTOB
9TOro KaHanbLua unu apyrux KaHanbLes.
Bbicokada agantauna cnepmaTtoreHHou
CUCTEMbI OTNNYaeT ee OT MHOIMX
COMaTUYECKUX TKAHEWN, YaCTO HE CNOCODHbIX
NPOTUBOCTOATL BpeaAHbIM BO3OEUCTBUAM.



Blood-testis barrier
Sertall colls _ Tight junction

Adluminal compartme

Basal com partm et

Phillips B T ét%al: Phil*Trane: 7sée. B

2010:365:1663-1678

www.uhmc.sunysb.edu/

NTak, BCe 3Tn, NoKa eLle CKynble AaHHble, MOATBEPXKAAT MOSIOXKEHNE O TOM,
4YTO HeobpaTumMoe BNOKNPOBaAHNE PA3MHOXEHUS, Cnydan JOBOSMbHO-TaKW
peaKkuin, 1 BNnepBble NoKa3biBalT, YTO B MOMEHTbI 000CTPEHUSI, Pe3KNX
KaTacTpoMPUYECKNX UBMEHEHUN B CEMEHHMKAX MIIEKoNMTaoLWnX, korga
COObITUS HAYMHAKOT NPOTUBOPEUUTL ECTECTBEHHOMY NOPAAKY BELLEN,
OCBOOOXOalTCs OT OrpaHNYEHHOCTU CBOETO
CyLLECTBOBaHUS, T.e. OT 3anpeTa Ha peanunsauuo nponmgepaTMBHOro
NOTEHUMana nu NepekritoyaTcs Ha PeXXUM akTUBHOIO AeneHus.

Peanusauus nponudepaTUBHOro noteHuyuana naet
TONYOK K OOHOBNEHUIO crepmaToreHesa.

C Opyron CTOpPOHBbI, NOMNyYeHHble JaHHble YKa3blBalOT HA HEOOXOANUMOCTb
nepecmMoTpa napagurmbl OLLEHKN COCTOSHUS
B YCNOBUSIX SKCNEPUMEHTA U NaTONIOrMYECKOro pa3BuTus.



— Ba)XHenLWnn anemMmeHT

crneunanmanpoBaHHOro OKPYKEHUS , T.€. ABNSIOTCS
HULLEeobpa3yLWNMN KNneTKaMu.

Hopmaanoe Te4yeHne cnepmMmartoreHesa, T1ornosfiorm4eckad u
beHKLI,I/IOHaJ'IbHaFI NnpeemMCTBEHHOCTb MNMOJ10BbIX KITETOK
BO3MOXHbI JINb MOCJIIE TOro, Kak 3aBepLinTcA CTaHOBJ1IEHUNE U
ynopdaaoydeHmne CUCtembl N ee HULLIN®,

[nbenb - Ha4arno Kpaxa BCeW CUCTEMbI
PA3BUTUA MYXKCKUX NMOJIOBbIX KNETOK.

*. — 3TO HE MPOCTO NPOCTpPaHCTBEHHOE pa3aerieHne, 3To — MeCTo, rje CTBOJ10Bbl€ KITETKA

MOryT 6e30nacHoO XUTb U 6eCI'IpeI'I$ITCTBeHHO CaMoOBOCMNpPOon3BOANTbLCA. — 9TO beHKLI,VIFI.
YTOoObI BEKUTL cpean cuiibHenwmnx - Hago NnoCTponTb CO6CTBeHHyI-O HULLY.



Koe0da ymo-mo euwe Herb3s 0oKa3amab
3KcrepuMeHmarbHO, meopemus3auusi — Heriyioxasl
3aMeHa.

Henb3a nckno4YnTb, YTO:

 OpgHon 13 BO3MOXHbIX MPUYMNH rOMOCEKCYanbHOW
6one3Hn MOXET BbICTYNUTb Kakasi-TO, M0 MOEMY
0Opa3HOMY BbIpaXXeHUIO, «ren-MmyTauns» B KneTkax
CepTtonu*;

 Knetka CepTtonun — noteHunansHasa (ckpbitas)
XKEHCKas nosioBasi KneTka;

* [1o aHanoauu 8 0cHoge XeHcKol 00HOMosol 68U Mo2ym fiexamb He MOJbKO U3spalleHue U f1rbonbimcmeo,
HO U 2eHemMu4YecKue UMeHeHUs («necbu-Mmymauuu») 8 cucmeme pa3gumusi XXeHCKUX M0J108bIX KITEMOK,
8 YacmHocmu, 06CyKuearoUUX UX GhONNUKYMSPHBIX KITemKax.



B otnnymne ot APYITNX TUMNOB CTBOJ10BbLIX KIETOK, HarnpnmMmep, ot
CTBOJIOBbIX KITETOK KPOBETBOPHOU TKAHM,

pacnonararTCs Ha NSI0OCKOCTU, a He pacrnpeaeneHbl no
obbemy.

3aHNMalT MeCTa B NpNCTeHOYHOM CJ10€ CEMEHHDbIX
KaHalribueB, pacnosiaralotcd no oanHoO4YHO, N30J1INpoBaHO APYr

oT Apyra.

[Tpnyem HegmndpdrepeHUNpoBaHHbIE CMIEPMATOrOHUN - ,
M -
pacnpeneneHsl BAosib 6asansHou memMmbpaHbl Hecrny4yanHo, HO
HaxoaAaTCsa B MecTax, rae KaHarnew, KOHTakKTUpyeT C
NHTEPCTULNATNIBHOW TKAHbIO CEMEHHMKA, MPUYEM B TOYKaX
pa3BeTBMEHNS KPOBEHOCHbLIX COCYya0B. IMEHHO 3TKU MecTa B
NHTEPCTULMN O4YeHb DoraThl aHOPOreHCUHTEINPYIOLLINMU
, YTO OT4HacCTU noaTBepxpaeT
HULLIeobpa3yoLLyo Pornb 3TUX KNETOK. B ToO e Bpemsa Bce
andpdepeHLMpOBaHHbIE CNepMaToOroHU pacnosaratTcs
PaBHOMEPHO Mo Bcen basanbHOn MeMmbpaHe CEMEHHOrO
KaHanbLa.
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A — cpes3 ceMeHHMKa B3pOoCSion MblLKn (OKpacka
remMaToKCUIMH-303MHOM MO JPrnxy).

B — cxematuyeckoe nsobpaxxeHne cermeHTa ogHoro
M3 CEMEHHbIX KaHanbLeB, a Takke, OKpyXatoLen ero
NHTEPCTULNANBHON TKaHMW.

Ob6o3Ha4eHus:

AK — agntoMuHarnbHbI KOMNAPTMEHT,

BK — 6a3anbHblii KOMNAPTMEHT,

BM — 6a3anbHasa membpaHa,

UT — nutepctuumanbHas TKaHb,

KJT — knetkn Jlengura,

KpC — KpoBEHOCHbIN cocyf,

IMMK — neputybynsapHble MbILLEYHbIE KITETKN
cOOCTBEHHOM 0DOSTIOYKN CEMEHHOIO KaHanbLa,

[1C — naxuteHHble cnepmatouuntbl, OC — OKpyrmble
cnepmatnabl, COK — cobctBeHHas obonouyka
KaHanbua, YC — yanuHsowuecsa cnepmatungbl, LJKC —
uuTonnasma knnemok Cepmounu, SIKC — agpo
knemku Cepmornu.

JlnHenka — peanbHbI pa3amep B MKM. BT n B2 —
cxema nokanunsauum CCK Ha 6asanbHom membpaHe
CEMEHHbIX KaHanbLieB.

Mo gaHHbIM (Chiarini-Garcia et al., 2003) - BT — CCK
pPacnornoXeHbl B MECTax KOHTaKTa KaHanbLa C
NHTEPCTULMNANBHON TKaHbO N OTCYTCTBYIOT B MeCTax
KOHTaKTa KaHaneu-kaHaneu,

Mo coBpeMeHHbIM nNpeacTasneHnam (Yoshida et al.,
2007) — B2 — CCK pacnosnoxeHbl HanpoTue Tex
Yy4aCTKOB MHTEPCTULMASIbHOM TKaHWU rae nexar
KpYMnHbl€ KPOBEHOCHbLIE COCYAbl, B TOYKE UX
pa3BETBMEHMA.



Boobuiem, TakoBa B rpybom npmbnmxeHnn ceteBas TOMororus
, CXeMa pacrosioXXeHuns n
coeaNHeEHNS ee pasfinyHbIX KOMIMOHEHTOB.

CeTteBas Tonosorns npegycMmatpmBaeT Hann4vne LeHTpanbHoro
YCTPOMCTBA - CTPYKTYPbI (TAaKk Ha3blBaeMoro xaba,
KOHUeHTpaTopa). ObbIYHO K Xxaby nogkroyarTcs apyrme
ceTeBble YCTPOUCTBA. B ceMeHHUKax posib KOHLEHTpaTopa
NPOMNYCKHbIX CUrHANOB BbIMOJIHAET

A Opyaumu cemesbiMu CmpyKmypamu ABISTCS
criepmMaToreHHble KneTku, 06beAnHEeHHbIe B CUHLUUTMAlbHbIE
KINMOHbI, MHTEpPCTULUMAaNbHas TkaHb U 6a3anbHas membpaHa.

BocnpuHnmaemsblie pPerynaTtopHble
CUrHanbl MOryT TpaHCcnmMpoBaTbCAa NMOO C ycuneHunem, nmbo
ocnabneHmem Ha BCe CriepMaTOreHHbI€ KIMETKN UMK Ha
KOHKPETHbLIN TUM KIETOK.

Kak n3BecTHO U3 Teopum CroXHbIX cucTeM, nepegada
HopmMaLmMn Mexay cucTemamMin OCYLLLECTBIISIETCS NPUeMO-
nepeaaroLuMmn yCTPOUCTBaMM.

B kneTkax ponb Takux YCTPOWCTB BbINOMHAOT, B NEPBYIO
ovyepedb, peuenTopbl U nuraHabl.



Cxema B3aumoneiictus kiaeTtku CeproJiu ¢ yIJIMHAOLIEHCSE
CIIEPMATH/I0MH, BJIOKEHHO! B U TOIIA3MATHYECKHI KAPMaH KJIeTKH
Ceproumn. IlokazaHo MHOKeCTBO Pa3HO00Pa3HBIX 0€JIKOBBIX

CHUTHAJIBHBIX MOJIeKYJI, penienTopoB. CTpe/IKU YKa3bIBAKOT MYTH
pacnpocTpaHeHusi CHTHAJILHOMH nHGopMaIuH.
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IIpenmosioxum, 4T0 B KauyeCTBEe CUTHAJIbHOM MOJIEKYJIbI-
JIUTAHJA BBICTYNAET POMTUKYI0CMUMYTUPYIOWUTL
zopmon (DCT), nocJie ero B3auMoIECTBHS C
peuenTopom, CUrHaJbHasi HHGpopManKs J10KATHIBAETCS
J10 XBOCTOBOTIO otTaesna. U 31ech mo Mmexanuzmy
PE€30HAHCHOI0 BO30Y:KIeHHSI CTUMYJIHPYeETCSI
AKTUBHOCTb (pEPMEHTHBIX CUCTEM, OKPY-KAIOIIUX
KOHILIEBOI1 IOMeH pPelenTOPHOro 0ejika, BOSHUKAET
CO3MAATeJIbHbBIN Xa0¢, 3allyCKAKIIHUNA KacKaj
OmoxuMmuuyeckux peakinuii. CUrHaJI 10CTUraeT reua,
KOHTPOJMPYIOIIEr0 CHHTE3 ONpeaeIeHHOro 0esika,
HanpuMep, (GakTopa CTBOJIOBOM KJIETKH.

B EClrE s T opyoHEL Peudnrop

HACT [KITETIE
¢ »

Y. ‘
Cali @ARhe -\ F
Adhoalon 67.“.‘ A".“m f N :
A
AR et et
ki PArran i )Y -.-,3,’,;
A TR N A& NP
Rac ; 'y \ MEK :"‘u?‘\
& ~ e R
PIFS > MEXK &{!pge‘
v B
' ' CDaZ' » ' N
A "?. FoR \ .T'“ ERK
&y < M Y 8
v A MKK : = |
Cottin >~ : we. v Inazmaanrcckad Crriran BeyipcHEas
DinintEgration ’!“: 4 »” Lovwsn-ny y [ 4 X 3
N Oeil g .,:,f:' Fisoria e e adun",  Adesien MCMOpaLLa HEPEAUETCH o o
CimK gl 2 e T OC'GVY!!:O'\In.Mn S
b oy Aplcal ES
is9) s ' Disruption
qiagen.covmn

e b
?J‘-‘"-Acnn

“'.-..- Myo:”ﬁ‘
\’("‘ Germ Cell/Sparmatid
4 ﬂ,. 2 — \,‘ Migration .
Coll Aghesion -

¢ casima Kuriyan Lab, UC Berkeley



Diftarantiation

[ fm \ : /

chgl ) WS ' S . Msinienance

J S TN expression of ERM is essential for maintenance of the
e 2 ( ) niche. In the ERM-/- mice,
self-renewal, but rather show a continuation

Self-ranews|
Spermatogonial Stern Cel Niche

do not maintain

Differentiation

The stem cell population requires a balance between
differentiation, proliferation and self-renewal. During the perinatal
period of development, the balance is higher for self-renewal, as

the testis size becomes established through
proliferation. In the pubertal period and adult, testis size and sperm
production reach a plateau, with a balance between stem cell

differentiation and self- renewal, as no longer divide
and they support a fixed number of germ cells. In the GDNF-/-
mouse, stem cell self-renewal is inhibited and differentiation is

enhanced, without spermatogenesis becoming established. In the
ERM-/- mouse, the perinatal period appears to be normal, but

stem cell is inhibited during the pubertal period, while

differentiation is enhanced (as apoptosis was factor ERM is unique

in that its expression not changed), resulting in the depletion of
successive layers of new germ cells.
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A Duagrommatic Representotion of the Vascudar/Interstutial
Nicihe for the U mouse festes.

Portions of three neighboring
seminiferous tubules (gray) are
shown with the surface in contact
with the vascular/interstitial zones
shaded in light yellow. The interstitial
space (yellow) contains the blood
vessels (red) and interstitial cells
(orange). The peritubular myoid cells
(blue) surround the tubules, which

contain
(green),
(violet), and
N (not colored), and
Vasculature " - gean : (tan)

G.Shetty, M.L.Meistrich Cell Stem Cell 1, October 2007




KTo 3aHMMaeTca , TOT 3HAeT, YTO BHELHUM

061K NONOBbLIX KNETOK, B OCOOEHHOCTU KNETOK
, BO MHOTOM
3aBUCUT OT MeToA0B PUKCcaL MK, 3a/IMBKN, OKPACKU U BU3Yyanm3auum,
T.€. Nony4YeHma n3obpaxKeHnn Ha npenapartax U changax. Hy, n
KOHEYHO Xe OoT HabntogaTens, OTTOro YTo Y HEro Ha yMe.

XOTUM Mbl TOTO MU HE XOTUM, HayKa cybbeKTUBHA.

U xopouwmadt meopud noduutidem cede 3KCNePUMEHIN.
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CeroaHs HOBBIE METOABI M HOBBIE toau Jydine, yeM 30 - 40 JjieT ToMy
Ha3aJ, ONMChIBaOT MOP(HOJIOTMYECKHE 0COOCHHOCTHU
cnepmamozonuaivivlx cmeooevix (CCK) v npozenumopnuix
(cnepmamozorueé Muno8 Aprcnapennue) W Aalpynnoene)) KJIEMOK,
MHIUBUIYAIbHOCTh KOTOPBIX 3aMETHO OTJIMYACTCS OT YPOBHS
OpraHu3aluu Ouhepenuupyrouiuxca cnepmamozonues.

Tak, y rpeizyHOB CCK MMEIOT KPYIIHbIE OBAJIbHBIC sApa ¢ AU dy3HO
pacopeaeeHHbIM XpOMaTHHOM, IIJIOTHBIMU I€TE€POXPOMATUHOBBIMHU
III0KaMH, 1—2 CHIIbHO OKPAIIEHHBIMH SAPHIIIKAMH HEIPaBUIbHOM

(bopMbl, HaTUUKEM 1 SIASPHOM BaKyOJIH.

Bce aTu xapaktepHbie MOP(HOJIOrHY€CKUE 0COOCHHOCTH TLIHOC
Tororpadus Aar0T BO3MOKHOCTh CIIEIIHAINCTAM CPAaBHUTEILHO JIETKO
uaeHTuguuponarh CCK 63 JONMOIHUTEILHOTO MAPKUPOBAHUSI.

M Tonbpko OTACJIIBHBIMH HIOAHCAMHU, OTTCHKAMHU, TOHKNMH
HC3HAYUTCJ/IbHBIMU IICPCXOJaMHN OTIINYAKOTCA

cnepmamozonuu Ay u Aa o CCK.

M TOBbKO JBYM — TPEM — YETBIPEM J1a00paTOPUSIM B MUPE IO CUITY
OTJIMYaTh 3TH KJIETKHU JAPYT OT Apyra.
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oy ademn woyw CLUA  Paasp bpurcmep — odun
1 w3 6edyuy e mupobite enevuaauemod 6 odracmuw

UccedoBatui NpodNeMM CNEPMANNOLLHEF O

5 Cmeoriosble KIiemku: caMoObBHOBSIIOMCS U 2eHepupyrom Kiemku,

- oughghepeHyUpyrouUecs 8 orpederieHHbIe MUrbl KI1eMmox.

Knaccuguuupyromesi Ha 08a muna: aMbpuoHarbHbIe U 83p0oCrble,
peauoHarsibHbIe KITemkxu.

. CniepmamoezoHuarbHble cmeosiosble Kriemku (CCK): nonynsayusi cmeorosbix
Male productivity KITemokK 8 CeMeHHUKax MnocmHamarsbHbIX MIeKonumarowux.
increases with CamoobHoerneHue u dugpgbepeHyuposka CCK criyxxum ocHosou 0515

female companionship criepmMamoeeHesa.
CamoobHoereHue: yHuUKarbHas criocobHoCmMb CmMeosio8bIX KINemokK
“It appears that housing females with & gocripouseodums camux ce6s Ha MPOMSKeHUU ANUMENbHO20 8pEMEHU
male mouse delays the decline of 6e3 KoMmumauuu K oughghepeHUUpPOosKe.
reproductive processes
at the cellular level by somehow
affecting the cells surrounding the
stem cells that produce spermatozoa
in the testes. Whether this female
influence occurs in other species is not
known”, - says Panbg bpuHcmep.

&
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UNIVERSITY of PENNSYLV

It is known that increasing age brings with it a decrease in male fertility; however the factors that delay aging are
not yet known. It's stated that abnormal spermatogenesis was noticed in the lonely mice sooner than it occurred in
the mice housed with females. This hints that maybe the sooner damage in the spermatogenesis could account
for the earlier decrease in fertility in the lonely mice. The study authors state that females can be credited for the
modification of various physiological and psychological responses in the males.
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Mouse spermatogenic clone development by stage. The
mouse spermatogenic cycle contains twelve stages (I-XII).
Each stage is temporally unique, and the stages in the
diagram represent the relative time each stage lasts in the
mouse. Each stage in the diagram is shown in cross-
sectional, longitudinal and whole-mount perspectives (labelled
in stage VII). Three putative spermatogonial clones are
highlighted in blue, red and green. The dotted lines in the
whole-mount perspective indicate the planes of the cross
section and longitudinal section views. For example, in stage
VI, the red cell is in the vertical line and therefore appears in
the cross-sectional view. A green cell is in the horizontal line,

The development of three putative clones (blue, red and green) through one cycle of the seminiferous epithelium

is shown. Stage VII: (blue); (red); (green); stage VIII: A1 (clone of 16) (blue); (red);

(green); stage IX: A2 (clone of 32) (blue); (red); (green); stage X: A2 (clone of 32) (blue);

(red); (green); stage Xl: A3 (clone of 64) (blue); (red); (x2) (green); stage XII: (clone
of 64) (blue); (red); (x2) (green); stage I: (clone of 128) (blue); (red); and
(green); stage Il: (clone of 256) (blue); (red), and (green);
stage llI: (clone of 256) (blue); (red); and (green); stage IV:
(clone of 512) (blue); (red); Asingle and (green); stageV:
(clone of 512) (blue); (red); and (green); stage VI:

(lifting off the basement membrane) (blue); (red); and (green).

rstb.royalsocietypublishing.



Y mblwen yncno Ha cemeHHUK paBHO 35000, y KpbIC —

350000 » B uenom, no pasHbIM NnogcyeTam, COCTaBNAIOT
0.01-0.03% ot obwero ymncna Bcex KNeTokK
cnepmaTtoreHHoro paga n He bonee 1% B

6oNbLIYIO YaCTb BPEMEHM HAXOAATCA B COCTOAHUM MOKOSA
N AenaTca HeperynapHo. X KNeToYHbIN UMKA n3mepsaeTtca
HEe YyacaMm, a CyTKaMU. TaK, y MblLleN nenAartca pas B 8.5
CYTOK, Y KpbIC — 12.9, KWTAaUCKOro xomAyka —17,ay
Yye/lI0BeKa Yyepes Kaxkable 16 cyTok.

Bo3moxHo, Tonbko 1 n3 110
COXpPaHAET cBOUCTBO “cTBONIOBOCTU” 1©
cnocobHocTb 06pa30BbIBaTb KOTIOHUU NPU
TPaHCN/IaHTAUMAX, OCTa/IbHble e 6e3B03BpaTHO
KOMMUTUPOBAHbI HA ANddepeHUUPOBKY.



Moaenu opraHusauumn crnepmMamo20HUasibHo20
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CCK

feandgaepenim-

POBRNITLIC

COUPNATOTOHMM

nidpeperio-
PoRuLIe

CICPMATORONIE

Knepmo n Byctoc-OGperoH npegnonararoT
cyuwiecTBOBaHue pe3epBHbIX, nokosawmuxca CCK -
crnepmMamo2oHuee Ao u aKTUBHO AensALMXCA —
criepmamoz2oHuee muna Ai1-4. Oak6epr n XakkmHc
MCKITHOYalOT Hann4mne noKoALWMNXCS KNeToK y Mbiwen. Ponb
noanuHHbIX CCK 3aecb urparT cnepmMmamo20oHuu As,
KOTOpble BbINOSIHAKT pPosib KakK pe3epBHbIX CCK, Tak n
CCK, parowmx Hayano HoBbIM AuddepeHLpyoLWnMCA
nonosbIM kneTkam. Hakaraea, Mowwunaa v coaBT., B oTnnune
OT Npeabiaywen moaenu, npeanonaraloT BO3MOXHOCTb
BOCCTAHOBJEHUA criepMamoz2oHues As B criy4yae ux notepu
3a cyeT pacnaga uenoyek criepmamoaoHues Apr U Aal Ha
oTAenbHbIe KIeTKU U UX BO3BpaT K CTBONIOBOMY
COCTOSIHUIO.

Knepmo o6Hapyxun y npumaToB n YenoBeka aBa tuna CCK:
pe3epBHble MoKosWMecs crrepMamo2oHuU Adark (Ad) n
LMKITMYHO aensiwmecst criepmMamo20oHuUU Apale (Ap), KOTOpble
NoO CBOMM CBOMCTBaM OTHOCATCH K
HeauddepeHUMpOBaHHbIM cnepmaToroHmam. Ecnu
NPOBOAUTHL 3BONMIOLMNOHHLIE aHANorMm, To criepMamo20HuUU
Adark Y NpMMaToOB U YerioBeKa MOrfiu BO3HUKHYTb U3
criepmamoz2oHuee As y MbileNn, KOTOpble OCTaBUIU 3a
cobou TonbKo thyHKUMIO pe3epBa. CrepmMamo20oHuU xe
Apale BO3HUKNU U3 nonynsauum HeoughghepeHyuposaHHbIX
criepMamoz2oHues, NoTepsiBLUMX CBOK CUHLUUTUANbHYIO
CTPYKTYPY, HO 3aTO NpUOBpPeTIUMX CNOCOBHOCTDL K
camoob6HoBneHutn. O6o03HavyeHusi: CuHMe cTpenkum —
AeneHns CaMOOOGHOBNEHUSA, KPpaCHble CTPEenkKn — AeneHue
pe3epBHbIX CCK, nJIC — npennenmomeHHbIe
crniepmamouyumail.



Moaenu opraHusauumn crnepmMamo20HUasibHo20
KomMnapmmeHma y MrieKonuTarLUX XXUBOTHbLIX U

'-jeégo %% Kd oy @’D @’D Yucno cnepmamozoHuee munoe AmemHsie n Aceemnbie

. Rl OAMHAKOBO, HO MOPOSIOrMYeCKN OHU pasHble.
]
4 G | ] [ T CnepmamozoHuu AmeMHble OTNINYAIOTCSA OT
K 3% > @’) @Q posamnae cnepmamozoHuee Aceemiibie anddy3HbIM pacnpeaeneHuem
*Qf:') @ | l | B XpomMaTMHa, OTCYTCTBMEM reTepOXpOMaTUHOBbLIX MMbIOOK,
(A; A A7) T = 6onee APKUM OKpalLMBaHMEM reMaTOKCUITMHOM.
¥ v 5 5 ; CnepmamozoHuu muna Aceemisibie PyHKLUMOHUPYIOT KaK
'2) A2) @ | G KNeTKU-npeaLwecTBeHHUKN, CNOCOOHbIE CAMOOBHOBMATLCA U
P 2 o b ae " NPUHOCUTbL cnepmMaTo3ouabl.
( { mndubepesiom-
i 5 ! i posamaze Kctatn, B cBoe Bpems JleoHug UBaHoBu4 KopoukuH nucan: “B
A4) A4 49) | (Ba B XoAe KIeToO4YHOro aeneHusi U3 CTBONOBbIX KIeTOK BO3HUKaKOT
' . : ! MaTepUHCKasa U goyepHANa knetku. MatepuHckas
n n n l
: < ' | ucnonb3yeTcs Ans camonoaaepXXaHusi nonynsauum, a
B B B AoYepHAA NMbo «BbIXOAUT» B KAMOUanbHYK KNneTKy, nm6éo
i ; : . / HenocpeAcTBeHHO B anddepeHUnpoBKy”. UMeHHO Tak BeayT
niC wiC wic | (e wiC cebs cmeonoebie cnepmamo2oHuu Aceemribie B CeMeHHMKaxX
|
‘ e npuMaToB.
('k“"““"_'"‘m U:]’:":;t Nakagawa era., ! Clermouet, Clermont,
e e i . A Kak BugHO 13 3TOro pucyHka, y o6e3bsiH U Yenoseka B oTnuuve ot
s i Tl 2 - nabopaTopHbIX FPbI3YHOB, KNETKU-NpeALleCcTBeHHUKM -
cnepmamoz2oHuu muna Aceemnsie - pudgpcpepeHUnpyroTca
TABLE 1. A Comparison of Markers for Human and Rodent Spermatogonia cpasy B cnepMamonHuu muna B, np“qu y 06e3bﬂH
Marker Human Radent References BbisiBneHo 4 reHepauum criepmamoecoHues8 B, ay 4yenoBeka —
i e § e L onna (Ehmcke et al., 2006; Ehmcke, Schalat, 2006). MoacueTe
cos , ; (Kanatsu-Shinohars et al, 20048) nokasanm, YTo y YerioBeka criepmMamo20oHuu A-ceemisibie,
ey : : e o1 crepMamo2oHUU muna B u npesrenmomeHHbIe
E:::f 7 'Zi:;u:c azlo.ozo?uclolrraa et al,, 2008) CnepMamouumbl COOTHOCATCSH KakK 1 :2:4'
i : . Freahinags et ot taas e bemens et sl 200 | UTO KacaeTcsl cmepMamo2oHuee muna AmemMHsie, To
Negimpenia3 : ! (Rajoursn Mavls ab ol 3087) CUYMUTAETCH, YTO B HOPME OHM MUTOTUYECKUN UHEPTHLI. U aTo
nse : ’ (RajpertDo Meyts otal, 2003) CBOMCTBO, BEPOSITHO, CNOCOOCTBYET COXpaHeHUI0
POUSF1 . {Loatienga et ai, 2003; Ghbo et ai, 2003) LleSIOCTHOCTU X reHoma. OHKU, NoAOGHO cmeoJs1I08bIM
o : . e crnepmamoz2oHusiM Ao, NnpeacTaBnaloT cO60M pe3epBHbIe
ot ; : (Sehaledars o a., 10965 Kido sod Las, 2006) KNeTKM, KOTOpble MOTYyT NEePEeXOANTb K aKTUBHLIM AeNEeHUAM
TONMbLKO NPU YCNOBUU CUITbHOro ob6eaHeHus nyna
arkers known to be expressed (+ ) or absent (- ) and unknown (7} in human and rodent spermatogonia are listed. -
Thatcvlatloni: éD:l, c:dn:'lrdx, l;uc ]n. E~ctaul'eu.'|;dCHEK2, E:‘KZ c:eckpmr.l :c;mcamc;; gFR&l, ZDNF !amllvtv:cnptcv CnepMamOZOHues Aceem”ble (de ROOIJ, Russel |, 2000, Aponte
ras PR, prat e Tosbasne T Mok eatains BoMIEE, o oy o DisLa: aonnsy womiead oo e | €t al., 2005; Ehmcke et al., 2006).
acid gene 8; TSPY, testis specific protein, Y-linked 1.




TpnauaTtb NATb N€T TOMY Ha3ag, JIebnoH U coOaBTOPbI NPEANON0KUAN, YTO CTBOJIOBbIE
KNETKU Y MIEKONUTAOLWMX NPeACcTaBAA0T cCOOOM Hecneumnanm3npoBaHHbIE KNETKN,
KOTOpble CMNOCOBHbI AENUTLCA U NPOAYLMPOBATb HOBbIE CTBO/IOBLIE U
anbdpepeHUMpPOBaAHHbBIE KNETKM.

K anddepeHuUnpoBaHHbIM KNETKAaM OTHOCATCA T€ KNETKU, KOTOPbIE HAaX0AATCA Ha
PA3INYHbIX CTaAMNAX Ceunanm3aummn: OHM MOryT AeNnTbCA, YTobbl AaTb Ha4Yano
apyrmnm auddepeHumMpoBaHHbIM, HO HE HOBbIM CTBOIOBbIM K/1eTKamM. Kacasach

BOMPOCA camonoagepaHua n anpdpepeHuUnpoBKu , Knepmo u coasTopbil
BblABUHYAM FTMNOTE3Y, COINMAaCHO KOTOPOMN B

CeEMEHHNKaX MNEKOMUTALWNMX COCYLWECTBYHOT ABE nonyaaumnu

HeunKampytowme (pe3epBHble), cnopagnyeckm gensaumecs
n obHoBAAOLLMECS

[y 3TOM KapaMHaAbHaA po/ib B cnepmaToreHese oTBoAUTCH )
KoTopble nocne geneHns GopMUPYIOT KaK

, TaK n bonee andpdepeHUnpoBaHHbIE

Y10 KacaeTcA Tak Ha3biBaemMbix “apemntowmx”
, TO OHM cNOCOBOHbI NPUCTYNATb K aKTUBHOM NpoandepaLmm To/IbKO B
cny4vae AecTpyKuum , BbI3BaHHOM
nospexgatowmmm pakTtopamu.



[TpnMepPHO B TO *Ke Bpemsa amepuKkaHckmne nccnegosatenn Oakbepr um
XaKKWHC, a NO3Ke NpUcoeanHUBLLMNCA K HUM TONNAHACKUINA YYEHbIN
ae Ponar, NCKAOUYNIN BO3MOXKHOCTb CYLLLECTBOBAHUA B CUCTEME
criepmaTtoreHesa NnoKoALKMXCA , A TaKXXe aeandPepeHUpoBKY U

BbIXOA, U3 CUHLUUTUA NPOABUHYTBIX B PAa3BUTUN
C nomoulbto MeToa0B pagnoasTorpadmm, nNoacyYeToB
Ha cpe3ax M TOTa/IbHbIX
npenapartax B HOPMe M B Xo4e penonynaumm CEMeHHbIX KaHaNbLEB Y
rPbI3yHOB NOC/E PAAMNALMOHHBLIX U XUMUYECKUX BO3AENCTBUN OHM
O0OHapPYXNIU, HTO MMEHHO N30/IMPOBAHHbIE APYT OT ApPYra
(B coBpemeHHOM

HOMEHKNaType ) PYHKUMOHUPYIOT KaK
CTBO/10BblE KNETKN. Ha OCHOBAHUW KMHETUKU Ae/ieHN bblna
BblAe/ieHa HOBas rpynna , HA3BaHHbIX 13-3a CBOETO

CXoAcCTBa C



M odupuyupobartste cremst odnobrerus

cmbBounobole knemor Yy epitzynod, a marnce y wenobeka, npedroncertsie

amepurarcrumumm uccaedodameadaum Mapmuromr Duwmom, Mapueir
Kowruranw w 3ronumt Xe

eneppe

The type Ao human spermatogonial stem cell is
spermatogonia are considered the reserve stem
cells of rodent testis, whereas the a
subpopulation of the type A1-4 spermatogonia
are the renewing stem cells. The type Al1-4 can
divide and cause the intermediate (In)
spermatogonia, type B spermatogonia,
preleptotene spermatocytes (Pl), and
sperm, successively. It was also suggested that

some of the type A4 spermatogonia can also
cause new stem cells (Modified from Clermont
and Bustos-Obregon, 1968; Dym and Clermont,
1970; Dym, 1994).

A second proposed scheme of stem cell
renewal in rodent testis. The As
spermatogonia are thought to be the
stem cells in the testis, whereas the Apr
and Aal spermatogonia are the
progenitor cells. In this scheme, the Apr
and Aal are also considered
morphologically undifferentiated
spermatogonia, whereas type A1-4
spermatognia, intermediate (In)
spermatogonia, and type B
spermatogonia are differentiating
rodents. (Modified from Huckins, 1971,
Oakberg, 1971).

The Adark spematogonia are
believed to be the reserve stem
cells in the testis, whereas the

Apale are the renewing stem
cells. The Apale can divide and
either cause new Apale or

differentiated type B
sSpermatogonia.

Phenotypic characteristics of human SSCs.
Immunohistochemistry reveals that GPR125 is
expressed in a subpopulation of spermatogonia
(arrowheads) along the basement membrane of adult

y human seminiferous tubules. GPR125 seems to be a

MawrtinDym ef al., Burtiv Defects Researcin (Pourt C) 8 7:27 =34, 2009

potential surface marker for human SSCs. GPR125
staining—green; DAPI nuclear staining—blue.



Yepes 30 1eT KOMNPOMMUCCHYIO TOYKY 3pEeHUNA BblICKa3a/n
ANOHCKMe uccneposatenm Hakarasa u Mowwnpa. B
CIOXKHbIX 3KCNEePMMEHTAX C UCMOJSIb30BaHMEM MMMYIbCHOIO
MeYeHuna, cneunPuyecknx MapKepoB, TPAHCITEeHHbIX
YKMUBOTHbIX B COYETAHUM C MeTOAaMM TPaHCNAaHTAUUN U
pereHepaunm OHM NOKa3anmn, YTo B CEMEHHMKAX MblLLEN
CUCTeMa CTBOJIOBbIX KIeTOK Ha CaMOM Aesie COCTOUT U3
ABYX KNETOYHbIX NOACUCTEM: (
) v (
). MoTeHUManbHbIE KNETKMN BKAIOYAIOT B CebA
HeboNbLY YacTb
, u



Mopenb cnepmMartoroHmnaribHoro CTBoJf1oBoro KOMMnapTMeHTa,

npenyioXXeHHas

Hakarasou u Nowwngon (Nakagawa et al., 2007; Yoshida et al.,
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A — HopmanbHble LUKNbI
cnepmaroreHe3a: NOAJIMHHbIE
CCK camoobHoBnsAOTCA U
BCTynarwT B
AanddepeHUNpPOBKY,
norteHumanbHble CCK TonbKo
AanddepeHUNpYOTCS.

B — noteps nodnuHHbIX CCK
BbI3bIBaeT pacnan
crnepmMamo2oHuee muna Apr U Aal
Ha OTAeNbHbIe KINeTKU, KoTopble
BO3BpaLLaloTCA K CTBOJIOBOMY
COCTOSIHMIO, BOCCTaHaBNMBas
nyn rnoonuHHbix CCK. Mpwu
nepexopgax criepmMamo20HuUes
As — Apr— Aal noTteHuuan K
CaMOOOHOBJIEHNIO CHMXAETCH W,
HaobopoT, BO3pacTaeTr
noteHuman K

and depeHUnpoBKe.



MoTeHUManbHbIE (He nymame ¢ Opemarouwumu Kaemkamu)

BMecTe C aBToOpPbI
OTHEC/IN K KNeTKaM, KOTOPbIX Ternepb Ha 3anaje HasbliBaloT
(TepMMHONOrMYECKM BbIBLLKE ) N paccmaTpmBaloT 3Ty NONYAALUIO

KaK HeKylo npexoastlyto ¢pasy pas3Butna. Ho He Kak CaMoCTOATENbHYIO MONYAALMUIO KNETOK,
KaK 3TO 6bl/10 MPUHATO paHbLUe.

Boobuie, B cTapon inTepaType ecTb TaKoM NOpPsSaoK:

Hapgo ckasaTb, UTO naesa o N nUX
CNOCOBHOCTU COXPaHATb CBOMCTBA - He HoBa. NOoTTeH Ha3blBa/ TPAH3UTOPHbIE KNETKU
M CYMTaN, YTO NMPU OnpeaesieHHbIX YCA0BUSAX,
Hanpumep, rmbenun npeacyLLecTBYOLLINX , OHW MOTYT 3aMeCTUTb
nocnegHue.

B ANOHCKOM MoAenn NOKasaHo, YTO NPM HOPMA/ZIbHOM TEYEHUM cnepmMmaToreHesa
MOTYT CAMOOBHOBATLCA N KOMMMUTPOBATHLCA A0 TEX NOP, MOKA COXPAHAETCH
LLe/IOCTHOCTb UX COBCTBEHHOW NONYAALUKM, TOTAA KaK nponndepupyoT
n audpdepeHUMpYOTCA TONbKO B HanpaBAeHMN Meno3a n cnepmuoreHesa. Ho B
KPUTMUYECKME MOMEHTbI BPEMEHMU, KOraa NOA/IMHHbIE CTaHOBATCA PYHKLMOHA/IbHO
HEaKTUBHbIMW, TMOHYT N 0CBOOOXKAAIOT HULLIM, 3aMYCKAETCA KOMMNEHCATOPHbIN MEXaHU3M,
NepeKkNoYaloWmMn NOTEHLMAbHbIE Ha npouecc camoobHoBneHNA. HeAacHbI NoKa
MOIEKYNAPHO-TEHETUYECKME MEXaHU3Mbl B3aUMOMNpPeBpaLLeHus

lMpaeda, ocmaemca omKpbIMbiM 80MPOC, KAK Npu 3mom u3s yucna
, 0c80boxycdaromca om yumonaasmamu4yecKkux MOCMUKOS8,
C8A3bl8AIOWUX UX 8 UEernoYKu.



B HacTosiLLee BpeMsl CyLLeCTBYIOT ABe Kiaccuyeckue Teopum

OTHOCMUTEIIbHO rnpoLueccoB CaMOOOHOBIIEHNA U

KOMMUTaUUNN cnepmamoaOHuaanblx CMeoJsio8bIX KIIeMmoOK
(C.CCKN

./
\C"’

Cxema cummeTtpuyHoro (A) u acummetpudHoro (b) aeneHnn CCK
(no aaHHbIM de Rooij, Russell, 2000 ¢ nameHeHUAMU). CAMMETPUYHBLIN TUN
AeneHnsa xapakTepeH AN MAeKONUTarLWmMX, aCUMMETPUYHbIUN — ANA HAaCEeKOMbIX.



CornacHo ogHOW U3 HUX, NennTca CMMMETPUYHO, AaBaAa Ha4vano
NBYM A0OYEPHUM KneTKam: nmbo cebe nogobHbim, MO0 NOAYHUBLLMM
opaep Ha anddepeHLUPOBKY.

OTINYNTENBHOMN 0COOEHHOCTHLIO KOMMUTUPOBAHHbIX K/IETOK AIBASETCA
Hann4yne mexay HUMM LUTOMNNA3MaATUYECKOro MOCTUKA, KOTOPbIN
BO3HMKAET B pe3y/ibTaTe OTCYTCTBMA NOJHOIO LUTOKMHE3A. B aToM

cny4yae, T.e. Korga BbIXOAMT HA TPAEKTOPUIO Pa3BUTUA,

OTKpbIBaeTcs BakaHcuaA. M 310, BEpoATHO, co3aaeT yC/10BMA ANA
3anycka mexaHn3ma camoobHoBNeHUA coceaHeN B pe3ynbTaTte

OoZlHa 13 BHOBb 06pa30BaBLUMXCA KNETOK KaK bbl «genernpyerca»
3aHATb ocBoboaMBLLEECA NYCTOe MeCTO. TONbKO TaK Ha MPOTAKEHUMU

OJINTENIbHOTO BPEMEHM MOXKET NoAAePKUBATLCA LLe/IOCTHOCTb U

YCTOMYMBOCTb CTBOJIOBOTO KOMMNAPTMEHTA U

B LLe/IOM.
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[pyrasa Teopus - 9TO KOHUENUUA aCUMMETPUYHOIO AerneHns
[eneHuns, npuBoadawero Kk obpasoBaHUO OQHON KNETKN, KOTOpad
NOMNOJSIHAET CTBOMNOBOW Nyn, Apyron — HaueneHHou Ha
OO PpepPeHLMPOBKY.

Y MnekonutarwLwmx geneHns ¢ HapyLweHHON CUMMETPUEN
NPOUCXOOAT KpanHe peako,
N ABNAOTCA CBOUCTBOM XapaKTEPHbIM, O4EBUAHO, TOMNLKO AN
opyrue kneTkm obbl4HO BeayT cebs oanHakoso. B Hopwme
acCUMMETPUYHbIN cnocob aeneHns , O4EBNOHO, UCKITHOYEH.
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B HacTosLee BpeMsi genatoTcs NonbITKK No
PaCKPy4YnMBaHUIO MOSIEKYITAPHBIX MEXaHNU3MOB,
perynupyroLmx noBegeHme . He Bce
reHbl ewle onpenenersl. lNpegnonaraeTcsi, YTO BO3MOXHOE
NX YNCINO MOXET ObITb DosbLUE CTAa.

Bce n3BecTHble B HACTOsLLEe BPpeEMS MapKepbl He
NO3BOMSAIOT HAOEXHO OTAENUTb UX OT
u



C o8 pemeiioe nNoHUMAHAUL MONKAYASPHALR MERAHUZM OB
peLy i, CAMOo0IHOBNHUA CNeEPMANMOLOHMANLHALR
enmBonobit knemow (CCK) y wmstmeit 8 urmepnpema, i
amepukorcrur uecaedodomenen Ducona Oamuw w Panbgpa
Bputcmepa.

Current understand molecular mechanisms regulating spermatogonial stem
cell (SSC) self-renewal in mice. Glial cell line-derived neurotrophic factor
(GDNF) is the only growth factor demonstrated to have an essential role in
regulating SSC self-renewal, and basic fibroblast growth factor (bFGF) or
epidermal growth factor (EGF) enhances this influence GDNF binds to
receptor complex consisting of c-Ret tyrosine kinase and the GPI
(glycosylphosphatidylinositol)-anchored binding molecule Gfral (GDNF
family receptor alpha 1). This interaction activates PI3K(phosphoinositide 3-
kinase) and Src family kinase (SFK) intercellular signaling mechanisms,
leading downstream activation of Akt signaling, which influences general

:;I:If'.,,'»"o'.’. : | cellular functions such as survival and proliferation. SFK signaling also

Dl = i elicits a second pathway leading to the regulation of specific gene
expression levels that are important for SSC self-renewal. The transcription
factor — encoding bcléb (B cell CLL/lymphoma 6, member B; also termed
bazf ), and Ihx1 (Lim homeobox proteinl; also termed lim1) are regulated
through the SFK-activated pathway and are important for themaintenance
of self-renewing SSC cultures.

Five of the eight known mammalian SFK isoforms—c-Src (Rous sarcoma oncogene), Yes (Yamaguchi eral genes,
including the transcription factor sarcoma viral oncogene), Fyn (Fynproto-oncogene), Lyn (Lyn tyrosine kinase and Hck
(hemopoietic cell kinase)—are expressed in mouse SSCs. Additionally, observation of disrupted spermatogenesis in null
mutant mice have pointed to an essential role of the transcription factors Plzf (promyelocytic leukemia zinc finger
protein) and Taf4b [TATAbox-bindingprotein (TBP)-associated factor 4b] in mouse SSC self-renewal. However, GDNF
does not influence expression of either Plzf or Taf4b in cultured SSCs, and the importance either molecule in SSC self-
renewal in vitro has not been determined. To date mechanisms by which bFGF or EGF influences the self-renewal and
survival SSCs have not been reported.
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anBeﬂeHbl AaHHble N0 NU3MEeHEeHUID JKCcnpecCcuun reHos B
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Hauano cuHTe3a 6enka B nocTHaTanbHbIW Nepuoa, Anp — AHU Nocrie PoXAeHus.
Bpanguw-Ctonne u coaBT. (Braydich-Stolle et al., 2007) nokaszanu GDNF-3aBucumyto akcnpeccuto Erm B

),

Yy HOKayTUPOBaHHbIX Mbillel U B KyNbTypax KrneTok,
+per. — reHbl, 3KCMPeccusi KOTOPbIX perynupyeTcs 6eyikoMm Ha NoBbIWEeHUe, —pe2. — reHbl, 9KCNPeccUsi KOTOPbIX NoAaBnsaeTcs 6eKoM.

B YCJIOBUSIX KNETOYHOW KYJbTypbl, TEM HEe MeHee, 3TU AaHHble He ObInn NoATBepXAeHbl AO0CTaTOYHO ybeauTenbHo in vivo. B
uccnegoBaHum YeHa mn coaBT. (Chen et al., 2005) akcnpeccusa 3Toro TpaHCKPUNLMOHHOIO hakTopa Oblna nokasaHa TONbKO B 3penbIX
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Schhematic WUnstration of the Soft- Agor-Cultunre~
System (SACS).

SACS |

J. Wistuba et al. Mammalian Spermatogenesis
Functional Development and Embryology ©2007 Global Science Books

The two phases (gel phase (0.35% agar;
green) and solid phase (0.5% agar; red))
are shown in higher magnification on the
right side. Soluble factors (e.g. stem cell
factor (SCF); stars) produced by
supporting cells (circles) in the solid
phase diffuse through the solid into the
gel phase (arrows). Cultured cells (ovals)
in the gel phase absorb these factors
without direct physical cell-cell contact
between germ and somatic cells and
differentiate. Images of clonal expansion
of SAC-cultured spermatogonia after
different culture periods (B (day 0), C
(day 3), D (day 30)) found in the gel
phase. Scale bar = 25 um.



[Mono6bHO CTBONOBbLIM KNIE€TKAM reMaTONO3TUYECKOM
CUCTEMDbI
( ) MAeKonUTaLWMX TPAHCN/1aHTabenbHbI:
OHM MOTYT HapallMBaTb COOCTBEHHbIN Ny U

pereHepupoBaTb JMHUIO CNEPMATOTE€HHbIX K/1IETOK.
Tak»e NnogobHO annaepManbHbIM U KPOBETBOPHbIM

CMB0s108bIM KaAemKam sKcnpeccupyroT Pi-

NHTETPUH.



CornacHo TOYKM 3peHNA HEKOTOPbIX YYEHbIX, KYIbTYpbl, Hanpumep,
, BblAENEHHbIX U3 roHa, YenoBeka
( ), MOTyT CTaTb NOTEeHUMarbHbIM NCTOYHMKOM TaK Ha3biBaeMbIX MYNbTUMNOTEHTHbIX
CTBOJIOBbIX KINETOK, KOTOPble MOXHO ByadeT ucrnonb3oBaTtb Ans KnetoyHon Tepanun. K
HECOMHEHHbIM JOCTOMHCTBAM 3TOr0 MCTOYHMKA OTHOCATCS JNIErKOCTb €ero
nosnydeHnsa (bnorncmsa CEMEHHMNKOB), OTCYTCTBME MMMYHOSOrMYecknx npobriem npu
TpaHcnnaHTaumax ( ) MOryT BpaTbCsl y CamMOro nauueHTa), a Takke paspelleHune
9TUYECKMX BOMPOCOB, NOCKOSbKY paboTa ¢ aMOpuoHaMu B JaHHOM Crlyvae UCKITOYEHa.
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MEWNO3: FTEHETUYECKUU MTPOUECC.

Meiosis
During meiosis, a parent cell divides into four sex cells each with half the number of
chromosomes. Sex cells of males are called sperm cells and egg cells of females.

Before
Meiosis

Before meiosis begins, ~ Chromosome
chromosomes in the pairs line up in the
parent cell are copied.  middle of the cell.

The chromosome Each of the two
Meiosis Punnett Square pairs split and pull new cells formed
apart to opposite has half the

Chromosome
pairs line up in the

A Punnett §quare shows male | €ndsofthe cel number of middle of the cell,
all the possible allele (gene) | RF parent chromosomes. The centromeres '
FAEDYS : : Four sex cells are -
combinations in the sf"" andesingle: ikadenh \
: chromosomes )
offspring of two \/‘_’ D moveapartto  With only one
organisms. N f\l opposite ends of :hromosgme
( RR /|| Rr the cel. T Each
“\9’} oo original pair,
female (o1 : —
parent & -~ NEWPATH = Mitotic cell
@ ( @ e 1 A cell preparing to undergo
¥ | @& N 7 LEARNING. division, Notice the dense
\ 0 Copyright NewPath Leaming. All Rights Reserved. 944702 chromatin.
www.newpathlearning.com

wWwWwekrk o~ £ com



o
——

k& MENO3: FTEHETUYECKMUN MTPOLECC.

Chromosomal Events
of Meiotic Prophase
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chromosomes during crossing over
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replicated chromosome two chromatids

chromosome pair before crossing over
o
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chromosome pair after crossing over

single chromosome in gamete haploid

biology.northuwesteollege.edin
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. MnHumym cnvpanusaumn. MakcumanbHbI pennukaTuBHbLIN

cuHtes JHK. XpomMocoMHble, ayToKaTanutnideckne maTpuLbl OTKPbITbl, HEYCTOUYMBLI Y
4Ype3Bbl4aNHO YYBCTBUTESbHbI K BHYTPEHHUM AUCCOHAHCcCaM unm nodbiM noMmexam n3pHe. Cetyartas
CTPYKTYpa XpoMaTuHa NepexoauT B COCTOAHUE OTAESbHbIX ONMUHHbIX TOHKUX, TEMNEPb YXXe OBOMHbIX
XPOMOCOMHBbIX HUTEN. TerfloMepHbIMN KOHLLAMWN OHU OPUEHTUPOBaHbI B OOMH PanoH SOepHOoMn
MeMOpaHbl. [NpuTskeHne mexagy XpPOMOCOMHbLIMU HUTSIMU OTCYTCTBYET.

. Hayano cbnmxeHuns unn KoHbrorauns roMosiormyHbIX XPOMOCOM MO TUMY 3aCTEXKU-
mMonHun. ObpasoBaHne dbuBaneHToB. PopmMmpoBaHne CMHaANTOHEMHOIO KoMMnekca. XpoMOCOMb!
cobupatloTcsa Ha ogQHOM U3 MOSOCoB aA4pa B Buae byketa. Pennukauusi HeOonbLOoro KonmyecTaa
(0.3% ot obuero reHoma) HecneundunyHon 3urHK, Ho He 3urPHK.

[MonHoe cbnmkeHne roMonornyHbIX XpOMOCOM Mo Bcewn nx anunHe. Kaxxagas
HUTb Tenepb NpeacTasndeT cobon dmuBaneHT. [porpeccnBHOE yKOpodYeHMEe 1 yToNLeHne
XpomocoMm. [lossrieHne xnasm. HesHaunTenbHbIN penapaTtuBHbiv cnHTe3 [HK. BHennaHoBbIn
cuHtes OHK.
. [JoMMHMpPOBaHME cuUn OTTankMBaHUsA, BCreacTeme 4ero obpasytoTca Xxmasmbl -

cpmsmquKoe npodsrieHne npouncxogdaLiero obmMeHa roMonorM4yHbIMn yqaCTKkaMn XpoMOCOM.
. CnnbHoe YKOpo4eHne n ytosrileHne XpomMoCcoM 3a CHET nxX MaKCMMarsbHOMN

cnnpanu3auuun. bnueaneHTbl NpuobpeTtatoT dopMy ABOMHbLIX NAfoYyeK, raHTeneun, KpecTos,

BOCbMEPOK. AApbILIKO ncyesaet. AnepHas obonodka ncyesaet. [Nepuoa pocta 3aBepLUaeTcs.
. 30€ecb reHeTn4Yeckasl cuctema rnorioBbIX KNETOK AOCTUTAaeT CaMOW BbICOKON

CTeneHn KoHaeHcauuu.

BaxkHbIM (hakToOpOM, MHMLMMPYIOLLMM BbIXO KNeTok n3 G2-asbl n Bxoga B pasy AeneHus:, aBnsieTca Tak
HasbiBaeMblt MPF - hakTop, 3anyckatowmn metadasy. Aktmeauus MPF nHuumnmnpyet kackag coobiTui,
NPUBOASALLMX K paspyLLEHNIO AAEPHON MeEMBpPaHbI, XPOMOCOMHOW KOHOEHCAUUKN, MMHEMHOMY BbICTPanBaHuUIo
napHbIx 6MBaneHToB Ha BepeTeHe aenenuns. ([locnegHue aaHHble CBUAETENBLCTBYOT O TOM, YTO AaHHbIN hakTop
COCTOMT U3 LUMKINUH-3aBncumon knHasbl | (CDK1) n perynatopHon cybbveamnHunubl umknnd B (CCNB1).




Metov,umst Ha paztstn cmadudi poa38umund

Prophase

The 10 stages in the reduction division of the meiosis of
a typical mammalian germ cell are included:

4 (stage of G1l-phase) - prophase | ( ) - prophase |
\? ( ) - prophase | ( )
_ prophase I ( ) - : :
, , , prophase II, and
. and
HECIORRES A - oSk Products: Lab Investigations: Meiosis Model (Mag

.}.“ \,o-‘.

B

hp.med.unswiedullhu




The four abnormalifies tive most frequently

of the synaptonemal complexes (SC) by SCP3.

A-D: All the abnormalities are pointed by arrows. A- asynapsis; B- thin and
irregularly stained SC; C- fragmented SC, XY chromosomes are at substage 4
(arrow); D- dotted SC (arrow); note the presence of fragmented SC in this nucleus.

The accumulation of early primary spermatocytes is an indication that progression of meiosis is
defective in spermatogenesis failures. The value of the Pl (pachytene index: Pl = P1 + P2/ P1 +

P2 + P3 + P4*) less than 0.50 indicates that the kinetic of meiosis is normal at pachytene. There is no
normal spermatogenesis when the frequency of one or several SC abnormalities is significantly higher than in

controls and/ or when the Pl is more than 0.50. * -pP1 + P2/ P1 + P2 + P3 + P4 — substages of pachytene.

Vurgue Tassustro et al., Indian ) Med Rey 129, March 2009, pp 268 -278



Parents of first generation Parents of second generation

Chromosome number will double with each generation

brincotoys.com
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KoHpuey pau,uoriiste, oy neH amste nepexodit xpouotout 6 ateiiose
conpoboncoatomes

MAKAPOIMMOSEKAY NI HAUMAL NROULLCANMAL

B MENOTUYECKUX KNeTKax naeT Ha
NpOTAXXeHN Bcen npodpasbl | menosa.

[Tpn aTomM NnogobHO TOMY, Kak B OOreHese
CUHTE3UPYTCA MHGOPMALMOHHLIE Monekyrbl PHK,
HeobxoAuMble B AarnbHenLeM s pa3BuTUs
3apoabllen, Tak 1 B MenoumTax cnepmaTtoreHHoro
paga YacTb TpaHCKpnbnpyemomn 3anacaertcs B

Buae OOSTOXMBYLLMX MaTpuL,. ITH
peannaylTcsa Ha NOCTMENOTUYECKUX CTaauax
g pa3suTus. [Nocne coegnHeHnsa ¢ puboCoMHbIMU
i, MaTpuuamMmn OHU JaloT Ha4yaro CUHTe3y
| cnepmuocneundmnyecknx 6enkos, NrpatoLLnMX BaXKHYO
posib B KOHAEHCAUMM 1 cTabunmnaauum xpomaTuHa
cnepmartug n cnepMmmeB, reHOM KOTOPLIX YXKe He
dna-rnanet dKTUBEH.

Y

Cam no cebe 3ToT GpaKT HEe HOB M OTBEYAET OAHOMY M3 0OLLMX
NPUHLUMNOB OHTOreHe3a, CoracHO KOTOPOMY B Npupoae
ecTb paboTta reHoB ¢ "onepexkeHunem".

To ecTb cuHTE3 Tex MmaTpuyHbix PHK, koTtopble byayT "HyXHbI"
(byayT "paboTaTb") — KaK roBopun - Ha
CTaAuAX pa3BUTUA, NOPOLO 3HAYNTENIbHO Boslee NO3A4HMX.




B npodase | meinosa cnHTe3npytoTca

’ HEeCKO/Z1IbKO aKunun ’
Histones d),pGVIgXMMVNeCKM DNA double helix
OTIMYaOWMXCA OT
e S . — - CNepmMaTOroHMaNbHbIX U
COMATUYECKMX KneTkax. Npuyem B A
Stem cell Melo3e CMHTe3bI 7 . —pam
pa306LeHbl. &= Centromere
Chromosome—

g arm

HecmoTps Ha 1o, uTo 06a cMHTe3a
CTapTYyOT O4HOBPEMEHHO, CUHTE3 e
3aBepLUaeTcA Ha CTaaum -
NIeNTOTEHbI, TOrAa Kak 6enKoBbIi Histone proteins
CMHTE3 NPOoA0/IXKaeTCca BNAOTb A0 :
CTaAnn NnaxmTeHbl. TONbKO Ha 3TOM
CTaAMKn AOCTUrAeTCA COOTHOLWEHUEe
pasHoe 1.

MewnoTtuyeckme XPOMOCOMbI pa3fnm4aroTcA no 4yBCTBUTEINTIbHOCTU K OENCTBUIO MYyTareHoB.
I'Iapa,ClOKcaana cnTyauund, Korga reHetTn4eckmn Hanbonee HyBCTBUTEJIbHbIE MPENIENTOTEHHbIE U

NEenTOTEHHbIE CNEePMaToLMTbI Nocne AeNCTBUS Ha HUX MYTareHoB, Bbi3bIBaOLLIMX LLMPOKUIA CNEKTP
FEHHbIX U CTPYKTYPHbIX MyTaLWiA, TEM HE MEHee, B Macce CBOEN COXPaHSAT CNOCOBGHOCTb
HOpMarbHO npeoaoresaTb Npodasy | menosa, AeneHns co3peBaHns U TPaHCHOPMUPOBATLCH B
cnepmatuibl U CnepMun.

O TOM, YTO KNETKM Ha cTaansix npenienToTeHbI-JIENTOTEHbI NPOABIIAKT BbICOKYHO NreHETUYECKYHO
HyBCTBUTEJIbHOCTb, CBNOETEJIbCTBYET MNOABJIEHNE BGonbLoro ymucna TECTUKYJTIAPHbIX CcriepMuneB C
MOpd)OJ'IOFVI‘-IeCKVI dHOMaJlbHbIMU TOJNTOBKaMi Ha TEPMUNHAlIbHbIX CTaaNAX Pa3BUTUA.
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[Tpouece cnepatnoseresa conpobomncoaemcs:
UFMEHEHMLAN CANPY KINY 1 LOPA;
KOHOHLAU UL SAPOIMONNAUMHA U NOCIMBINLHHALA B IO LeHAL AN

LHOMA
o0 pazoarumet akpoComsy;
P o oBar UM LOKOMONOPHOLO- AMNMNONPONNA;
e pacsBbarimest oCHOBHOU MALCHY UUIMONAAZMAL,
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Cnepmamudit 8 cemertbiy KAHANMIUAR Mbmr
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36/ Oobruroeo- e Budod nozborormite w decno3BoHor st W%
MPLHHUM ONAODOMBOPEHULM, KO2LOA NP NpPHOCAMMCA B nounoBite

I Y M CaMMoK Henocpedcmberio un 8 cocmabe cneparamogopob, 6
CNEPAMAO2HEZE HO COMHAY LUCIMOHANM NPURODIAN NPROAMAMHAL,

OOHSLE UL NPOMENCAY MO RAKAL, KOWMOPRHLE MO2Y M
odumtr Kk dobumeit kowmokimuzdouum DHIK 8 DHIT-kowunderce, weat npw
HAY KALOCOMMHOU OPLAHMUBOMU UM XAPOMMOAMNAH A

A I3mo- dedaem HACALIAMBLHMHSUL MANEPUAN MAYHLKK 2LOMEN HeA3Buaitat Bo-
Bpeats npoxoNCOHAGA NOCALOHAK NO- CAOWCHALM Y MAM HCEHLKO2O-
penpo0Y KAMUBHO20- WPAKINMA.

Schematic representation of nucleoprotein expression in
germ cells during mouse spermatogenesis. Bars indicate
nucleoproteins that are thought to be involved in chromatin

structuring. The onset of expression of the testis-specific
histone variants tH2A, tH2B, H1t and ssH2B is also shown.
tsHMG, testis-specific high-mobility-group box protein; TP1
and 2, transition proteins 1 and 2.

H.Tanakaa and T.Babak, ,2005



BancHeiimes 3HAMEHUL ONA ANADUMZ AU UL W KOHOIHLAM UL
ramemureckoeo- DHIT- kouwmunverca uwuerom Brobe
curmMeZupyesmbie 6 enepuminoe LR KABIMKAR 0020mMbte
aApUHUHOM W yuemeunom Bstcokoocrobrste,
CNEPMAOCNEU, UP UMLCHKUL DMK, NOCMENEHAO- Bstmecatouy ue
CCMAPHL>> LUCANOHAL COMBNNMUMELKO2LO- W MEALOWAUMELK OO0~
Munob U npoumency Mot CNEPMAMIUOHALL OeAKAL:

nN—-—ung—mz<

Diagram highlighting the key events in the transition of
somatic histones to replacement by protamines.
Somatic histones undergo site-specific methylation,
phosphorylation and ubiquitination which facilitates
their replacement by testis-specifichistones (t) during
meiosis.Hyperacetylation of H4-t is akey factor in
relaxation of the DNA coll to facilitate replacement of
the testis-specific histones by the transition proteins,
whereas topoisomerase 1 relieves torsional stress by
causing double-strand breaks which are subsequently
re-ligated. Protamines 1 and 2, processed from a pool
of RNP particles, undergo maturation before and during
binding to the DNA and replacemnt of the transition
proteins. HR6B, ubiquitin-conjugating enzyme E2B
(UBE2B) (RAD6 homolog); HAT, histone
acetyltransferase; Suv39, H3 Lys 9 histone
methyltransferase.

D. T.Carrell et al.,HumanReproductionlUpdate, pp: 1-15,

2007



A Histone Solenoid Soketic Wicmadioe
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= Chromatin
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Y e— DNA
1 Toroid

P 88280085000050865

(Dnaset Sensitive)

Toroid Linker
MAR

22
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Folded Histone
Solenoid

[

ARs
Three major structural elements of sperm chromatin.

(A) During spermiogenesis, histones are replaced by protamines, condensing the DNA
into tightly packaged toroids. Each protamine toroid is a loop domain (part A of this
figure is modified from a similar figure published in Ward, 1993). (B) Protamine
toroids may be organized by stacking side to side. Recent evidence suggests that
some large tracts of DNA retain histone (green solenoid). These may be entire loop
domains that are not condensed by protamines. (C) The DNA strands that link the
protamine toroids are nuclease sensitive, and may be bound to histones, as well.
MAR, matrix attachment region

molelr.oxfordjonrnals.org



Noanuzauust neperodHo2o- ko 1 w cnepmio-neu,ud urecroeo-,

NPOMAMUHONOD0OHO20- ka1 6 oxpyeastn w YoruHatou, uwrts
NEPMAMUOIAR & NOMOULbHO PNY OPLLULHANAHOU MAAKAPOCK O

-

A B

(A) B oKpyrnbix cnepmatmaax MOXHO HabtoaaTb HENOCPEACTBEHHO B aApe (3eneHasn
dnyopecueHUma) n , PAcno/IO}KEHHbIN B LMTONNa3me (KpacHan
dnyopecueHuua).(B) B agpax yanMHAOLWMUXCS cnepmaTtmz, He BbIABAANCA, TOrAa
Kak NONIHOCTbIO 3aN0NHUA AAPO (KpacHaa payopecueHUms).

Most patients with abnormal protamine protein levels have elevated levels of protamine transcript in the
mature sperm cell, indicating a possible defect in transcription or translation. The regulation of protamine
expression is unique and includes several possible mechanisms which may be responsible for dysregulation
of protamine expression and concurrent broad spectrum defects in spermatogenesis. We suggest two
hypotheses: (i) that abnormal protamine expressionis indicative of a generalized defect in mRNA storage
and/on translation which affects other mRNA transcripts or (ii) that protamines may act as a checkpoint of
spermatogenesis.

D. T.Carrell ef al., HuwmanReproductionlUpdate, pp: 1-15,
2007



A B Comet assay of DNA integrity in
nuclei of sperm. Sperm were from

a chimera producing 100%wild-type
sperm (C57BL/6 genotype) (B, D) and
a chimera producing 70%PRM2-
deficient sperm (129 genotype) (A, C).

x % The presence of a comet tail in A and C
indicates that fragmented DNA was
present in these cells. A, B) Intact
sperm. C, D) Sonicated sperm. Original

L magnification x200.

type and chimera mice. Sperm shown are from
a wild-type mouse (A, norm) and a chimera producing

e} . Scanning electron micrographs of sperm from wild-
y < 90% PRM2-deficient sperm (B—E, abnormal).

Chunglhee Cho et al., BIOLOGYOF REPRODUCTION®9, 211 -217 (2003



During spermiogenesis (He final stage of sperm production),
elongation, nuclear resiraping and otiver morpivologieal changes
corwert rownd spermatios unfo- mote sperm. But wivat controls

> report that the novel, conserved
(' protein (a member of a family of multidomain
proteins that probably function a adaptors during vesicle
fusion and release) is essential for spermiogenesis in mice.

x o The researchers show that IS a testis-specific
protein and that its expression is associated with the

manchette, and that its expression is associated with the manchette, a transient
microtubular structure that is required for spermatid morphogenesis. Targeted deletion of
RIM-BP3, they report, causes the production of sperm with abnormal heads and male
infertility. They also report that interacts with (another manchette-
associated protein involved in sperm head morphogenesis) and suggest that this
interaction might correctly position the manchette. Because infertility in male mammals
IS often associated with the production of sperm with abnormal heads, these results
suggest that dysfunctions in the pathways that involve RIM-BP3 might underlie some

forms of human male infertility.

Development; 2009, 136, e301.



The cover shhows a sperm protein designated as rnSH3p13 (reod
Aunorescence labeled) was Located wmwragwwofgwwv
cellsy uv vartows steps wv spermiogenesis:

cell-reseorciv.com

The protein was further proved to be involved in clathrin-mediated vesicular traffic in
germ cells and may function in acrosome biogenesis. The surrounding schematic diagram shows
the process of acrosome biogenesis during spermiogenesis, by which spermatids mature into
sperm cells (Y. Qiao et al., 2004).



MonekynsapHo-6uosiocu4yeckue npouecchl, MpomekKarowue Ha
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O peaHuUzoauud neputomo3ouda weroberao

Axoneme

Ring fibre sheath

Principal
Outer dense fibres piece

Annulus

Mitochondrial sheath

Middle piece

Cisterns of endoplasmic
reticulum

Striated body

Basal plate | Neck region

Nucleus

Acrosome




Boodwem, cnepaamoeHHSL KAMKAL RAAMNCA,
00 VLOUHAHOMLEA, dUpPepet,upyomed,
pacwmym, npebpawgatomed,
uroubudyanuzupy romes.

C neptamoe e KOHMMPOUBYLINCS
mponceenmbour erob, wacmt wy komoptlr
P Y Hiuorupyem 8 cnepalamozoHUAAHOM
KOMMAPIMAMEHINE, opyeas - 6o Bpema
MLUOFA, Mpemt Ly mna zesob
KOHMMPONUPYLIN CNLPMANOHES W HUK OO0 HE
CO300 2RHONPOOY KN, HLOOROOUMABLEY DN
pearu,u Bo- Bpec s enepaamozroHUANLHALR
Oeseriir uaw Bo- Bpesa pocma
eneporamouumold | nopadka, wy demembue
Oucppeperryupobatio



Ceeodna Bonpoc He B8 mou, Kakue Mmaprepst
cBouembertst meat U UHBLM Mundaum nonoBstx
KAMOK~.

A Bonpoc 8 mou, notemy UMEHHO Mat
Bstempanbaemed eneparamozeHHbUL npouece 6
CUCMEME, NOMEMAYY CNEPMAINMOLOHUARNGILEE Combonobste
waemuw (CCK), npencoe e npebpamumbea 6
MAHU Y HOUL, UL CNLPMAMNOFOUIBL, NPORODAMN MO
CAONHAUL Oedp une:




Ha py6exe 19 n 20 BekoB ABoroOpoaHbIN GpaT Yapnb3a [lapBuHa,
OCHOBaTeNb OMOMETPUKN U eBreHUKn ,
npopoyectBoBan: «Ansa AHrMUM HACTYNAT BpeMeHa, Korga ans
ynyuJlleHns 1 BOCNpPOU3BOACTBA pacbl CTaHeT BbIrogHee NokynaTtb
NyYlWunx ngen, 4em npou3BoAUTbL UX».
3a 60 nocnegHUx neT cpegHee YNCIO cnepMaTto3onaoB B
INSAKYNATAX 3[0POBbIX MY)XYUH-eBponenueB yMeHbLUMNOCh Ha 40-
50%. CerogHsa Kaxabl ABaAUaTbIA My>X4YMHA 3anagHoOro mmpa
abconTHO becnnoaeH.

amd devahi.net

P_ Padoma co- cnepotaimoeHeZ o npo-00UHCOLINCEL.


http://parketluks.ru/parketnaya_doska_barlinek




