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(A) 16 CYTOK
Xoppa

Hefpansyas
nnacTHxa

(Gilbert, 2003)

3avarok
cepaua

KpoBAHOA o Kentoskbii
OCTPOBOK B HOXKE nnoga
(B) 18 CYTOK Haxano cnuaHus
e HEPBHBIX BNVKOS
’ AMHHOH
(cpesan)

Cepaue /
Mepwvkap-
NHanskbIR -
Yenom | Hoxka
Dopaie Sanwe™  osa
sopoTa KULLEUHbLIO
BopoTa
(B) 22 CYTKKL

LWuToBuaHan
xenesa

Mnotka

MepeuyHbIA
por

MNepegHuii Ceppue
Hewponop

(r) 28 CYTOK

(DopMupoBaHiie MHIIEBAPHTEILHON CHCTEMBI ¥ 3apOIbILIA USTOBEKA, OTMe-

ueHHoe pUMepHo Ha (A) 16-¢ cyTkH, (B) 18-¢ cyTkH, (B) 22-e cytki u (T)
28-e cytku. (o Crelin 1961).




PermoHanbHas cneyngunkayuma sHToAepMbl

& (Gilbert, 2003)

(A)
gl‘oxanuaum Tpanaq»;nunounux Peyenuus Genka Sonic
KTOPOS B IKTOAEPME, — hedgeh
Maueson Sonic hedgehog 8 2HToR8pMe oi S

3kcnpeccus Hox=renos
B Mesogepme

|

Cneundnxkauis
Me30eDMbI

Peuenuusa napakpuHHbIX Benkvu BMP v 6enku FGF,
CUIHANOB IHTOLEPMORA NpOU3BENEHHbIe
l Me30aepMOon

Cneundukaums
1 gutpdeperuposka
AHTOREPMB!

}

MNapaxkpuHHbie hakTopel —

Dudpdbeperumposka
ME30AeDMbI

PernoHaneHad cneuupuKanig KMISUHoH 3H-
TOIEPMBI M CILUTAHXHHYECK O Me30JepMBbI Iy TeM
PEeLMNPOKHBIX B3anMoneiicTeuii. A — Peruo-
HTBHBIE TPAHCKPHIILHOHHBIE akTops (3pe-
10¥t) 3HTOAEPMBI KYPHHOTO 3apoabima. 3TH
¢akTOphI BEIABIAIOTCSA 10 B3aUMOAHCTBHIL C
Me301epMOoii, HO OHH He CTabITH3HPOBAHEL.

b — Bo3moxHas nocnenoBaTesibHOCTh B3aHMO-
JeHCTBHA 3HTOAEPMEI H CIUTAHX HHUECKOH Me-
3o01epMeL (A — o Grapin-Botton et al. 2001).




dopmMmnpoBaHue aHToaepMarnbHbIX 3a4aTKOB rONOBHOIO
otaena mnekonutarwero (Gilbert, 2003)

noTouHble ayry
1% TNOTOMHbINA 3a4aToK WHUTOBUAHON
KapmaH Kenesbl
MuHpanuHel B J BHELWHMI —7
CTEHKE 2=I0 CNYX0BOIA

Kakan

Kapmasa
3avarok Escraxuesa Escraxuesa
napaviuToBUIHOR Tpy6a sa E:np:gtunaﬁ

Xenessl
Tumyc —_— —_—
4= NapawmTosuaHan

3auarok Kenesa
CpTTOMAHaR 3-8 NapawuToBHAHAS & LLiutomuanas xenesa
Xenesb! e s

MocropaHxuansHoe MoctépanxvansHoe

Tensue Tensue

(DopmupoBaHKe 3aUaTKOB XeNe3 M3 IOTOYHBIX KapMaHOB. KOHell Kaaoro U3 nepebiX IIOTOUHBIX
KapMaHOB CTaHOBHTCS GapabaHHO MOMOCTBIO CPEIHETO VXa M eBeTaxueBoit TpyGoil. BTopeie kap-
MaHBI TOJIYYAIOT arperatel TMM(POHAHO TKAHH M CTAHOBATCA MUHIATHHaMIL. [JopcansHas yacTh
TPETBETO [JIOTOYHOTO KapMaHa (PopMMpPYET YacThb MapaLiHTOBHIHOM XeNneabl, B TO BPEMS KaK BeH-
TpasibHas yacTh AaeT THMYC. Obe MUTPHPYIOT B KayAaTbHOM HaNpapieH i , [ BCTPeYaloT TKaHb de-
TBepTOro XabepHoro KapMaHa, JaloLIero napalMTOBHIHYIO Xe/le3y i MoCTOpaHXHATEHOE TeNbLIE.

Mapawmrosuasie
enessl

LLlnToBugHan
xeneaa

MocTbparxwansHoe
Tensue

[luToBHaHAs Xene3a, BO3HHKAKOLWAA Ha CpeaHeii TMHHH [MOTKH, TaKXKe CMEeLaeTcd KayaaibHo,

B obnacte wewn. (ITo Carlson 1999).




[ enaTtoreHes
(dbopMmMpoBaHME KNETOK,
coCTaBnsloLWNE NEYEHD)



[leyeHb

e camas bosnbluag Xenesa B Tere no3BoOHOYHbIX. Y
YyerioBeka OHa COCTaBIISAET OKOSo 2,5% OT Macchl Tena, B
cpegHeMm 1,5 Kr y B3pOCribIX MYXUUH N 1,2 Kr Yy XKEHLLMH.
[leyeHb pacnonoXxeHa B NpaBon BEPXHEWN YacCTu
OpPHOLLIHOW NOSOCTN; OHa NPUKPENNSAETCS CBA3KaMU K
Onadoparme, OPIOLLIHOW CTEHKE, XenyaKy U KULLEYHUKY U
NOKpbITa TOHKON PMBPO3HON 0OOTOYKOMN - FFIMCCOHOBOW
Kancyrnomu. [leyeHb - MArkMn, HoO NIOTHbLIW OpraH KpacHo-
KOPUYHEBOIO LIBETA U COCTOUT OObIYHO N3 YETbIPEX
aornen: 6onbLIon NpaBowu O0MNU, MEHbLLUEW NIEBOU U
ropasfgo MeHbLLUMX XBOCTAaTOW U KBaApaTHOW OONMEWN,
obOpasyowmnx 3agH0 HUXKHIOK NOBEPXHOCTL MEYEHM.



OYHKLNN NeYeHn

 [le4yeHb y4acTBYET B perynsunum ypoBHS rHOKO3bl
(caxapa) B KpoBu. Ecnn 3TOT ypOBEHb
BO3pacCTaET, KNETKN NeYeHn npespaLlaroT
[MHOKO3Y B IMUKOreH (BELLECTBO, CXOOHOE C
Kpaxmariom) n AenoHnpyoT ero. Ecnn xe
cofepXXaHue rmKo3bl B KDOBU NagaeT HMXe
HOPMBbI, MMIMKOreH pacLuengaeTcs 1 rmokKo3a
NoCTynaeT B KPOBOTOK. KpomMe TOoro, nevyeHo
CnocobHa cuHTe3npoBaTh MHOKO3Y 13 APYrux
BELLECTB, HANpuMep aMUHOKUCIIOT; 3TOT
NpoLleCC Ha3bIBAETCSH MMOKOHEOrEHEIOM.



OYHKLNN NeYeHn

ELe ooHa oyHKUMA nevyeHn - AeToKcukauud. JlekapcTtea un gpyrue
NOTEHUMArIbHO TOKCUYHbIE COEeANHEHNSI MOTYT NpeBpaLLaTbCs B
KIieTKkax nevyeHn B BOAOPACTBOPUMYO OOPMY, YTO NO3BOMSAET UX
BbIBOAUTb B COCTaBE Xer4n; OHM MOTyT TakXe rnoaBepraTbecs
paspyLLUEHNIO NTMBO KOHBIOMMPOoBaTh (COEANHATLCA) C APYrMMK
BellecTBamMn ¢ obpasoBaHMeEM De3BpeaHbIX, NIErko BbIBOASALLNXCA U3
opraHu3ama npoaykToB. HekoTopble BellecTBa BPEMEHHO
OTKIaablBaloTCs B KneTkax Kyndepa (cneumanbHbIX KneTkax,
NOrnoLwarLLnX YyXXepoaHble YacTuLbl) UNU B UHbIX KIETKaX NEYEHMN.
Knetku Kyndepa ocobeHHO ahdheKTUBHO yaansaoT U paspyLuaroT
bakTepuun n gpyrme nHopoaHble YacTtuubl. bnarogapsa v neveHb
NUrpaeT BaXKHY pPosib B UMMYHHOM 3aLumnTe opraHmama. Obnagas
YCTON CETbI0 KPOBEHOCHbLIX COCYA0B, NEYEHb CIYXXUT Takxke
pe3epByapoM KpPoBU (B HEN MOCTOAHHO HaxoauTtca okono 0,5 1
KPOBW) U y4aCTBYET B perynsunm obbema KpoBm U KPOBOTOKA B
opraHu3sme.



OYHKLNN NeYeHn

* B uenom neyveHb BbinonHaeT 6onee 500
Pa3NUYHbLIX PYHKUNIN, N ee OeATerNnbHOCTb NoKa
He yaaeTcHa BOCNPOU3BECTN NCKYCCTBEHHbLIM
nyTem. YoaneHue 3Ttoro opraHa Hen3beXxHo
npmMBOAUT K CMeEPTU B TedeHune 1-5 aHen. OgHako
Yy Ne4YeHn eCcTb rpomMaHbi BHYTPEHHUN pPe3eps,
OHa obragaeT yauBuUTENbLHOM CIOCOOHOCTLIO
BOCCTaHaBNMMBaTbLCA NOCie NoBpeXxaeHun,
NO3TOMY YeroBeEK U Apyrne mnekonurtaroLme
MOTYT BbXUTb ga)ke nocre yganenms 70%
TKaHW NeYeHu.



OYHKLNN NeYeHn

Bce nutaTtenbHble BEWECTBA, BCackiBaeMble B KPOBb U3
NULLIEEBAPUTENBHOIO TPakTa, - NPOAYKTbl NepeBapmBaHUs YrreBoados,
B6enkoB 1 XXUPOB, MUHEpPArTbl U BUTAMUHbI - NPOXOAAT Yepes3 NeYeHb
N B Hen nepepabarbiBatoTca. [1pn 3TOM YacTb aMUHOKUCTIOT
(bparmeHTOB BENKOB) U YacTb XUPOB NpeBpaLlaroTCcs B Yrresoasbl,
NO3TOMY NeYeHb - KpynHeuwlee "geno” rmmkoreHa B opraHusme. B
Hen CUMHTE3NPYIOTCA BenKn nnasmbl KPOBU - rMOBYNnHbI N anbOyMuH,
a TaKkke NpoTeKkarT peakumn npeBpaLlleHUa aMMHOKUCIOT
(Oe3amMuHupoBaHme N nepeamMmmHMpoBaHue). lesammHupoBaHue -
yoaneHue asotcogepxalimx aMmHorpynmn n3 aMmMHOKUCIIOT -
NO3BOSIAET NCMNONb30BaTh NocnegHne, HanpuMmep, Ana CUHTes3a
yrneBoaoB U XNpoB. [NepeamnHnpoBaHue - 3TO NepeHoc
aMUHOTrpynnbl OT aMUHOKUCIIOThLI Ha KETOKUCNOTY C obpa3oBaHnEM
Opyrov aMMHOKUCIIOThl. B neYyeHn cUHTE3npYoTCA Takke
KETOHOBbIE Tena (NpoayKTbl MeTabonnama XXMpPHbIX KACMOT) U
XONnecTepuH.



CTpoeHune nevyeHu

« CrioxHasi CTPYKTypa neyveHn npekpacHo npucnocobrnena ans
BbIMOSIHEHNA €€ YHUKASbHbIX PYHKUMW. [Jonn COCTOAT N3 MENKUX
CTPYKTYPHbIX eaAnHuUL, - aornek. B neyeHn yenoseka nx
HaC4YUTbIBAETCHA OKOSO CcTa Thicad, Kaxxaasa 1,5-2 mm anmHon mn 1-1,2
MM LUMPUHOW. [lofibKa COCTOUT U3 NEYEHOYHbLIX KIETOK -
renatoumToB, PacnonoXXeHHbIX BOKPYr LeHTpanbHON BEHDI.
[enatounTbl 0OBLEONHSAOTCA B CIOM TOMNWMHON B OOHY KIETKY - T.H.
neyvyeHoYHble nracTnHkn. OHM paguanbHO pacxogsaTcs oT
LEeHTpasibHOW BeHbl, BETBATCA U COEOUHSATCS APYr C APYroM,
doopMunpya CrOXHYH CUCTEMY CTEHOK; Y3KME LLenn Mexy HUMN,
HanoJIHEHHbIE KPOBbIO, U3BECTHbI No4 Ha3BaHMEM CUHYCOWUOB.
CuHycouabl 9KBMBaNeHTHbI Kanunnspam; nepexoas oanH B Apyron,
OHW 06pa3yloT HenpepbIBHbIN NAabUPUHT. [NeyeHoUYHble A0MNbKN
CHabXaloTCsl KPOBbIO OT BETBEN BOPOTHOW BEHbI U MEYEHOYHOM
apTepun, a obpasyoLwasncsa B AoNbKax XXendb NOCTynaeT B CUCTEMY
KaHanbLEB, U3 HUX - B XXENM4YHble MPOTOKN U BbIBOOAUTCA U3 NEYEHMN.



CTpoeHune nevyeHu

« BopoTHas BeHa nevyeHU 1 nevyeHo4Hasa apTepusd
obecrneynBaloT nevyeHb HeOBbIYHbIM, OBONHbLIM
KpoBoCHabxeHnem. OborallueHHas nuTaTernbHbIMU
BeLLleCTBaAMWN KPOBb U3 KanUNSpoB Xesnyaka, KNWeYyHuKa
N HECKONbLKMX OPYrMx opraHoB cobmpaeTcs B BOPOTHYIO
BEHY, KOTOpad BMECTO TOro, YTobbl HECTU KPOBb K
cepauy, Kak 60MbLUMHCTBO APYrux BEH, HECET €e B
nedyeHb. B gonbkax nevyeHn BOPOTHAA BEHa pacnagaeTcsd
Ha CeTb Kanunnsapos (cuHyconaos). TepMunH "BopoTHas
BeHa" ykasblBaeT Ha HeoObIYHOEe HanpasreHne
TpaHcnopTa KPoBWU 13 KanuiniapoB 04HOro opraHa B
Kanunnapbl gpyroro (CXo4HYyH CUCTEMY
KpoBOOOpaLleHNs UMEKT NOYKN U TMnouns)



CTpoeHune nevyeHu

* BTOpOn NCTOYHUK KPOBOCHABOXEHUA NevYeHun, ne4yeHoYHas
apTepus, HeceT oboralleHHY KMCNopoaoM KPOBb OT
cepaua K Hapy>KHbIM NOBEPXHOCTAM Aoriek. BopoTHas
BeHa obecneumBaet 75-80%, a neyeHo4YHas apTepusd
20-25% obuiero kpoBocHabXXeHna neyeHu. B uenom 3a
MWUHYTY Yyepes nevyeHb npoxoaut okosio 1500 mn kposw,
T.€. YETBEPTb CEpAEYHOro Belbpoca. KpoBb n3 obounx
NCTOYHUKOB NnonagaeTt B KOHEYHOM UTOre B CUHYCcOUAbI,
rae cMeLlumBaeTCca U MOET K ueHTparnbHonm BeHe. OT
LEeHTPparibHOM BEHbl HAYMHAETCS OTTOK KPOBU K cepaLuy
Yyepes O0oMneBble BEHbI B MEYEHOYHYIO (HE nyTaTbh C
BOPOTHOW BEHOU NEYEHMN).



CTpoeHune nevyeHu

 Ecnun y 4yenoseka neyeHb MMeET 2 rnaBHble O0Nu, TO Y
OPYrnx MnekonuTtarowmx 3T gonm MoryT
noapasnensaTbca Ha boree Mernkue, n ectb BUAbl, Yy
KOTOPbIX MEYEHb COCTOUT U3 6 N gaxe 7 gonen. Y 3Men
neyeHb NpeacrasneHa ogHOU yarnMHEHHOW Oonen.
[leyeHb pbI6 OTHOCUTENBLHO BENUKA; Y TEX PbID, KOTOPbIE
NCMNOSIb3YIOT NEYEHOYHbIW XNUP A9 YBENMNYEHUSA
nnaBy4YecTu, OHa npeacTaBndeT 6osbLUyHo
9KOHOMWYECKYHO LIEHHOCTb BCIIEACTBME 3HAYUTESIBHOIO
coaepKXaHusi XMpoB 1 ButTammHoB.MHorue
MJiIekonuTaroLwme, HanpuMep KUTbl U nowagu, 1 MHOrme
NTULbI, HANPMUMEP roflybun, NULLEHbI XXEMYHOro Ny3bIps;
OdHaKO OH UMEETCH Yy BCEX NPECMbIKAIOLLNXCS,
3€MHOBOAHbIX 1 OONbLUMHCTBA Pblb, 3a UCKMTIOYEHNEM
HECKOSbKMX BUOOB aKyIl.



KenyHbin ny3bipb

o Xenuyb cekpeTnpyeTca KrneTkamm nevyeHn B mensyaniumne
KaHanbLbl MeXAY KNEeTKaMu - Xen4yHble kanunnapsol. o
BHYTPEHHEN CUCTEME KaHarbLIEB 1 MPOTOKOB OHa
cobupaeTcsl B XXen4HbI NPOTOK. HacTb Xenuu
HanpaBnseTCcAa NPSAMO B OO XENMYHbIN NPOTOK U
N3NUBAETCHA B TOHKMW KULLEYHUK, HO DonbLUas YacTb No
Ny3bIPHOMY NPOTOKY BO3BpaLLAETCA HA XPaHEHME B
XKENYHbIN NY3blpb - HEOOMBLIOW MELLOYEK C MbILLEYHbIMU
CTEHKaMMW, NPUKPENNEHHbIN K nedeHn. Korga nuuia
NOCTYNaEeT B KULLEYHUK, XKEMYHbIN NYy3blpb COKpaLLLaeTcH
N BblOpacbIBAeT COOEPXKMUMOE B OOLLIMIA KESNMYHbIN NPOTOK,
OTKPbIBAOLWKUNCA B ABEHAALATUNEPCTHYO KULLIKY.
[leyeHb YenoBeka npounssoanT okosio 600 mn xen4yu B
CYTKM.



Kenyb, BbipabaTbiBaeMas ne4vyeHbo

* [le4yeHb - HeobXoaMMbIN ANA XU3HU OpraH co
MHOXXECTBOM pas3nunyHbIX yHKUMN. OgHa 13 rnaBHbIX -
obpa3oBaHME 1 BblOENEHNE XKENYK, MPO3Pa4HON
XXUOKOCTU OPaHXXEeBOro Unu Xentoro useta. Xenyb
COOEPXUT KUCNOTbI, CONMn, doocconmnmabl (KUpsbil,
coaepxalume pocartHyto rpynny), XonecTepuH u
NUrMmeHTbl. Conm XXen4yHbIX KNCNoT U cBOOOAHbLIE
XKENYHblE KUCNOTbI AMYNbIMPYIOT XNpb! (T.€. pa3dbunsatoT
Ha Menkue Kanernbkun), 4em obneryatoTt nx
nepeBapuBaHue; NpeBpaLlaroT XXUPHble KUCIOThbI B
BogopacTBopuMble opMbl (HTO HEOBXOAMMO Ans
BCaCbIBaHUA KaK caMUX XXUPHbIX KACIOT, Tak u
Xupopactsopumbix ButammHoB A, D, E n K); obnagatot
aHTnbakTepmarnbHbIM JEUCTBUEM.



CermMeHTapHoOE CTPOEHUE NEYEHN

CermeHTapHoe CTpoeHUue NeYeHu.

B cBsA3Kn C pasBUTUEM XUPYPIN U pa3BUTUEM renatoniorMm B HacToslLLee
BPEMS CO34aHO Y4YEHMNE O CErMEHTApPHOM CTPOEHUM NEYEHN, KOTOPOE
N3MEHWIIO NPeXHee NpeacTaBrieHne 0 AeNeHNn NeYeHn TorNbKo Ha Aonu 1
OOSbKM.

Kak oTmevanocb, B Ne4eHn MMeeTCs NATb Tpyod4yaTbix cuctem: 1)
Xen4yHble NyTun, 2) aptepuu, 3) BETBN BOPOTHOW BEHbI (MOpTarbHas
cuctema), 4) ne4eHoYHble BeHbI (KaBarbHas cuctema) n 5) numdarnyeckme
cocyapbl.

MopTanbHasa u KaBarbHas CUCTEMbl BEH He coBMaaaloT APYr ¢ ApYroMm, a
ocTarnbHble TpybyaTble CUCTEMBI CONMPOBOXAAOT Pa3BEeTBNEHNS BOPOTHOM
BEHbI, UOYT NapannensHo Apyr APYry U 00pasyoT CoCyanUCTO-CEKPETOPHbIE
MY4YKK, K KOTOPbIM NPUCOEANHSAIOTCA U HepBbl. YacTb nuMmdartmnyeckmnx
COCY/I0B BbIXOAUT BMECTE C NeYeHOYHbIMU BEHAMM.

CermMeHT ne4yeHn — 3TO NMpamuganbHbI Y4acToOK ee NapeHXUMbl,
npunerarLmnin K Tak Ha3biIBaeMOoW NeYeHoYHOM Tpuaae: BETBb BOPOTHOM
BEHbI 2-ro nopsagka, conyTcTByloLas en BETBb COOBCTBEHHOMN NeYeHOYHOM
apTepun n COOTBETCTBYHOLLIAA BETBb NEYEHOYHOro MNpPoTOoKa.



CermMeHT neYyeHn —3TO NMpamMugarbHbIA Y4aCTOK €€ NapeHXuMblI,
npunerarwLwmnn K Tak HadblBaeMOU NEYEHOYHON TpUaae: BETBb
BOPOTHOW BEHbI 2-T0 rnopsiaka, ConyTCTBYloLas e BETBb NEYEHOYHOM
apTepun U COOTBETCTBYIOLLIAA BETBb NEYEHOYHOIO NMPOTOKa

Mpasan AoONA Nesan AonNA MNpasas pona Nesan ponn




CermMeHTapHoOE CTPOEHUE NEYEHN

CermMeHThbl, rpynnupysicb No paguycam BOKPYr BOPOT NeYeHn, BXOOAT
B 6oriee KpyrnHbie CaMOCTOATENbHbIE Y4ACTKM MNEYEHMU,
Ha3bliBaeMble 30HaMW, UM CeKTopaMu. Pasnnyalot NaTb Takux
CEKTOpPOB.

1. JleBbI NnaTeparnbHbIN CEKTOP COOTBETCTBYET |l cermeHTy
(MOHOCErMeHTapHbIA CEKTOP).

2. JleBblli NapameaunaHHbiv cektop obpasosaH Il u IV cermeHTamum.
3. lNpaBbi NnapameguaHHbin cekTtop coctasnsatoT V n VIl cermeHThl.
4. lNpaBbln natepanbHbin cekTop BKtodaeT VI u VIl cermeHThl.

5. JleBbI gopcarnbHbii CEKTOP COOTBETCTBYET | CErMeHTy
(MOHOCErMeHTapHbIN CEKTOP).

CermeHTbl NevyeHU PoOpPMUPYIOTCH yKe B yTPOOHOM nepuoae u
SICHO BbIpa)K€Hbl K MOMEHTY POXAEHUS. YYEHME O CETMEHTAPHOM
CTPOEHUN NMEeYeHn yrnybnsaeT npexxHee npeacTtaBneHne o AeneHnm
ee TONbKO Ha JONnN U OOMNbKMW.



HavyanbHble CTaaunn o6paaoBaH|/|;| nevYyeHn MieKkornmTarLmnx
(Gilbert, 2003)

[TonoxuTeNbHBIA W OTPHLATEIbHBII CHIHANE], BEAyIlLIHe
26-Cy TO4HbIA 3aPOAbILL K (hOpMHPOBAHHIO NEUSHOYHON 3HTOAEPMEL. JKTOAEpMa
Fonosa Xsoct M Xopaa OnoKMpyIOT crnocoOHOCTb 3HTOAePMbI IKCTIpec-
ik 5 CHPOBaTh reHsl, cneunduuHele 11s neyeHn. Kapano-
reHHasd Me301epMa crnocodCTBYeT TPAHCKPHIILIMM [€HOB,
cneundUUHBIX 115 neveHn, nocpeactsoM FGFI wn
FGF2, BepoaTHo, nyTeM Q/I0OKHPOBaHHSA HHTHOHTOPHBIX

Pa3euearowleecs $aKkTOpOB, HHIYLIMPOBAHHBIX OKPYXAIOLIEH TKAHBIO
cepaue ‘ (6apwepublie miHNK) (To Gualdi et al. 1996).

QopcankHas 3HTOgepma:
renaroreHes 6nokuposaH

MeyeHoyHaa 06NacTb KMLWEYHON
3HTOAEPMbI, 3KCNPecCcupylowan
reéHsol a-theTonporenHa
n anbbymMuHa
aMesequMa
¢ [ O
ZBRV

KapaworeHHas



G. Yeoh

Early liver morphogenesis

aeLaver 1s dertved from endoderm.

&It forms from a diverticulum (bud) which
branches out from the primitive gut.

a=The pancreas develops dorsally, while the liver
bud develops ventrally.

a1 he liver metabolises nutrients absorbed from the
gut. Therefore first organ to receive intake.

@It removes toxic compounds which are absorbed
by modifying them so they are soluble.



Proximity of developing liver

(gut endoderm) and cardiac mesoderm

S(‘pflllll transversum

- Yol sac extendeng 10
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G. Yeoh



G. Yeoh

Cardiac mesoderm 1s necessary
for liver formation

&=In mid 1960’s Le Douarin developed a
model using cultured fragments of tissue
from chick embryos.

» Piece of primitive gut (endoderm) cannot
develop into liver by itself.

« Requires mteraction with cardiac mesoderm to
produce glycogen storing hepatocytes.

« A physical barrier between the two fragments
would block hepatogenesis.



G. Yeoh

Zaret & coworkers using a mouse model and
current molecular and cell biology techniques
established the following:

<= Endoderm 1s capable of synthesising alpha-fetoprotein.

«» Albumin expression in endoderm coincides with the
appearance of the first hepatoblasts, therefore Alb mRNA
1s used as marker for first hepatocytes.

#» In the mouse, liver forms from ventral endoderm at
between the 4-6 somite (8-8.5d) and the 7-8 somite (9-
9.5d) stage.

«» Endoderm cells harbour large numbers of aFGF receptors
and aFGF can substitute for cardiac mesoderm in a culture
model.



G. Yeoh

Albumin mRNA expression visualised
by 1n situ hybridisation in whole embryo

Why 1in situ hybridisation?

Why not immunohistochemistry?



G. Yeoh

Analysis of Alb and AFP mRNA transcripts by RT-
PCR 1n segments of embryonic gut endoderm

A B # somites:
4-6 7-8  pgliver RNA
A&B) Only 8 - 8.5 day embryo M CDECE o011 10
ventral -
endoderm at <. Oeooe o <+actin
7-8 somite o - * < albumin
stage (lane 5)
transcribes ventral 1 2 3 456 7889
Alb RNA endoderm D dorsal E
- - \ endoderm C # somites:
/ 4-6 7-8 ng fetal liver RNA
C) All of ‘C DIEC E 5 50
endoderm .
! S— - <+ actin
transcribes
AFP mRNA

1 2 3 4 5 6




Zaret’s findings (cont/d)

@&~ There 1s a “window of opportunity”, for by day 11.5, the
endoderm (gut) can no longer be induced to produce
hepatoblasts. It has irreversibly committed to gut.

= Dorsal endoderm 1n culture will readily differentiate into

hepatoblasts (albumin mRNA positive), even in the
absence of cardiac mesoderm.

= Explant co-culture experiments suggest that dorsal
mesoderm exerts an inhibitory influence on dorsal
endoderm which prevents it differentiating into liver and
ensures 1t becomes gut. Hence there are positive and
negative “differentiation” factors.



G. Yeoh

Mesenchyme interaction 1s
necessary tor liver development

«=The septum transversum (ST) 1s mesenchyme
which comes from mesoderm.

«=It ultimately gives rise to the epicardium and the
diaphragm.

~=Several research groups have proposed a role for
the ST 1n liver development.

a=Early experiments provided contradictory data
which depended on whether ventral endoderm
cultures were contaminated with mesenchymal
cells?



G. Yeoh

Mesenchyme 1nteraction 1s
necessary for liver development

«»The septum transversum (ST) 1s mesenchyme
which comes from mesoderm.

«=It ultimately gives rise to the epicardium and the
diaphragm.

a=Several research groups have proposed a role for
the ST 1n liver development.

a~Early experiments provided contradictory data
which depended on whether ventral endoderm

cultures were contaminated with mesenchymal
cells.



G. Yeoh

Experiments suggesting a role for the ST and
Bmp4 1n liver development

a=Cultures of ventral endoderm when care was taken
to exclude ST cells fail to develop into liver.

ST expresses high levels of Bmp4, and the
importance of Bmp4 1s shown i knock 1n
transgenic mice.

~Bmp4 -/- mice fail to develop a liver bud.

a»Co-cultures of ventral endoderm and cardiac

mesoderm exposed to noggin (an antagonist of
Bmp4) do not express albumin.



dopmMmnpoBaHue 1 NaTTEPHUPOBAHNE SHTOOEPMBI
(Zaret, 2004).

| Formation and patterning of the endoderm




G. Yeoh

Current knowledge of the role of FGF
and Bmp4 1n liver development

FGF secreted by
cardiac mesoderm (red)
induces ventral
endoderm to produce
hepatoblasts.

BMP produced by the
septum transversum -
primitive epicardium
and diaphragm (yellow)
converts hepatoblasts to
hepatocytes.
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Figure 2 | Signals and tissue interactions that pattern
the hepatic domain. a | The ventral foregut endoderm
gains the competence to develop into various tissues as a
result of the expression of transcription factors in the
endoderm. Thess include Foxa proteins, as well as signals
that affect the endoderm, including bone morphogenetic
proteins (Bmps) that emanate from the adjacent cdlls of
septum transversum mesenchyme (STM). b | During tissue
specification, fibroblast growth factor (Faf) signals from the
cardicgenic mesoderm, perhaps in conjunction with Bmp
signals from the STM, initiate the liver gene programme in
proximal endoderm, as well as blocking that for pancreas.
Ventral endoderm cells sufficiently distal to the cardiogenic
mesoderm escape the latter inhibitory effect and initiate the
pancreatic gene programme. Ventral foregut explants were
found to initiate liver gene expression, If exposed to
cardicgenic mesoderm or Fgfs, or initiate pancreatic gene
expression in the absence of such effectors™. The ventral
endoderm explant studies therefore indicate that the
pancreatic programme is the default state for this domain
of endoderm.

CurHansl, MHOYLUMpPYOLLNE

doopMMpoBaHUE NEeYEHN
(renatoreHes)(Zaret,
2004).



Pa3Buntne 3ayatka neyenu (Zaret, 2004 ).

a Post-specification b Liver-bud stage
11-13-somite stage 18-25-somite stage

Septum transversum
mesenchyme cells
(Bmp, Haf)

Hepatoblasts
(Hex, Prox1
Hix, c-Met,
B1-integrin,

Primitive endothelial Smad?2,3)

cells (Vegfr2)

Figure 3 | Development of the liver bud. a | After the hepatic endoderm has been specified, it begins to extend towards the
midgut. This process is abetted by turning of the embryo from the ‘gut out’ position (see figure in BOX 1) to the imwvard curve
shown by the typical fetus. At the same time, the hepatic endodem cells become columnar in shape. These transitions seem
to be elicited by signals that specify the endoderm (FIG. 2). Cells such as septum transversum mesenchyme (STM) cells and
primitive endothelial calls, signalling molecules (such as Bmp, Haf and Vegfr2) and transcription factors (such as Hex, Prox1,
Hix and c-Met) are essential to promote the morphogenesis of the liver bud itself (see b). b | Liver-bud morphogenesis is
marked by the formation of the rostral diverticulum of the gut, remodelling of the extracellular matrix around the hepatoblasts
and of E-cadherin-based connections between the cells, and proliferation and migration into the sumrounding STM (beige). So,
the hepatic endoderm (green) makes a transition from an epithelium to a non-polarized cell type during this period. Primitive
endothelial cells, or angioblasts, appear near the hepatoblasts (a) and also promote outgrowth of the latter into the STM.
During the outgrowth, the endothélial cells coalesce around spaces in the loose STM and create vesicles that fuse to form
blood vessels (not shown). Haematopoietic cells then invade the growing liver and the organ becomes distinct from the gut
epithelium. Bmp, bone morphogenetic protein; c-Met, HGF receptor; Haf, hepatocyte growth factor; Veagfr2, vascular
endothelial growth factor receptor 2.



Ponb dpakTopoB TpaHCKpuUnummn B
renatoreHese

Schematic depicting key points

during hepatic development and the stage Competency Specification Differentiation
at which specific transcription factors first

act. During gastrulation, at -7.0 days of ges-

tation in the mouse, the definitive endo- ' '

derm (yellow] is generated from the primi-

tive ectoderm. Both ventral and dorsal as- o gf $ —_— i
pects of the definitive embryonic endoderm

express HNF-3 and are competent to adopt

v avarie fatn y S AN py Ly P (.ump:lcm * Iiducton of Lxpresskm ol P‘mun L\pl’:\\l\ n ol llcp\xu». Lully Dillerenuuted
d D3 & . 0 S1X-SO

1 hL[, 1tic tate B) -t]k f.(llll tO S1X l.lllltt ﬂ'_k,ddm Specification Factors Diflerentiation Factons Transcaption Faclon Liver Gene
stage a ventral portion of the embryonic en- [ HNF-3 Unknown 1INF4 HNF-1a, PXR, etc. Expression

doderm (blue] lies close to the developing
heart. During hepatic specification, FGFs (fgf's] from the developing cardiac mesoderm (red) induce the underlying endoderm to
commit to a hepatic fate. In response to this signal the endodermal cells proliferate, expand into the surrounding septum transversum,
and adopt a stellate morphology. At this point these cells are considered hepatoblasts. The hepatoblasts continue to proliferate and
begin to differentiate to become mature hepatocyte in a process that requires HNF-4a.



A depeHumpoBKa renaTtoLnToB U

XOJSTAHTMOLMNTOB (KNETOK XeNYHbIX
npoTtokoB). [Noka3aHa
TpaHcandepeHUMpOBKa 3TUX

Hnf6
‘ knetok (Zaret, 2004).
Undifferentiated
Hnf4 morphology Hnfip

(V2NN

Msture
epithelial morphology

Figure 4 | Transcriptional cascades that control the
differentiation of hepatoblasts into hepatic lineages.
Expression data of marker genes are consistent with
hepatocytes and bile duct cells (chalandocytes) being derived
from hepatoblasts'>™' %, but definiive lineage-marking studies
still need to be done. Inactivation of the transcription factor
genes shown here leads to defects in differentiation of the
comesponding lineages. Hepatocyte nuclear factor 6 (HNfS)
promotes hepatocyte over biliary development by activating
HRf B2, which, in tum, seems to attenuate earty biliary-cell
commitment!**, Significantly, these genes also positively control
the later dfferentiation of biliary epithdia and the marphogenesis
of bile ducts and of the gall bladder. Hnf4 directly promotes
hepatocyte gene expression and the formation of hepatocyte

epithelial morphology, independently of HNf1 o and by its
activation"* 1, Hnf1c and Hnfi 3 are highly related

homeodomain proteins that control overlapping but non-
identical gene sets in hepatoblasts and hepatocytes'™,



