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XPONOAIATPAMMA

g enos e 2ANUATIGUOC TOL OloTi3ov
e euPpuikov (PAactikov)
O1lOKOV

['aoTproimon™——
GYNUOTICUOC TOV
tploTiPfov euPpuikov
O1oKOV

*0 6pog yaotpidimon
OVOPEPETAL GTA KOTMOTEPO
GTOVOVAMTA, GTOV AVOP®TO OV
oynuoriCeton yaotpioo. Etol ota
guppva avBpmmov N
YOOTPIOIMOT AVOPEPETAL GTNV
EMONMO-LUEGEYYVULOATIKT
LLETATPOTY) OT1 OLOPKELXL
GYNUATIGULOD TOV TPLOV
BAaoTIK®OV depudT®V
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Lipasio evdoynipiou

Abdevog £
eviounmpiov g

Kuttupa
10000RMOME

7B ()

Ajveanr] xodmra

emPraotn  vwoPAdo dtotiog epPpuikdg 6icKOoC

8N nuépa. > Katd v avadiopydvmon Tmv KUTTAp®V TG €60 KUTTAPIKNG LAlac Kol TV omdKTnoT emOnAoKng
LOPPOAOYiOG , KOIAOKE G TTPOG TNV KVUPlo KLTTOPIKN Lala eppavileton po Aemt otifdda kuttdpov. H kopia
dvo otifdda eival yvootq o¢ emiBAGoTY , EVO 1 Kat®dTEPN oTIdd0 MG VITOPAGGTY).

» Ta kdtTapa g voPAdonc oynuotilovral pécm g diepyaciog Tov dtoywpicpov tovg (delamination,

doywplopo¢ o€ oTPAdES) amd TNV £0M KVTTAPIKT UAla.

»H vroPfAdotn Oewpeitan eEmepPpuiko evoddepua (TPMTOYEVES T} APYEYOVO 1) TOLYOUATIKO €VOOSEPLLOL)
*Atopopomoinon TpoofAdcTnc —> €0 KEILEVN KLTTAPOTPOPOPAAGTN ad povorhpnva Kouttapot EEm Keipevn
GLYKLTIOTPOPOPBAGCTI) —> TOALTUPTVI TPMOTOTAACUOTIKT] LALH YOPIg GOpT) KLUTTAPIKA OpLa

*[ToALaTA0GIAGHOG KUTTAP®V TNG KLTTAPOTPOPOPAAGTIG KOl LETOVAGTEVGT GTN
GLYKLTIOTPOPOPALOTN
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21 epoouaoa
OtoTfo¢ PAAUCTIKOC OioKOC ==l 101MC EUPpLO+
ECW gUPPLIKOVE LVUEVES
ECm euPpvikot vuEVeC -(1OP10, AUVio, AeKOTKOC aGKOC,
aAAOVTOTON)

M nuépa-n PAacToKVLGTN TEPIPAAAETAL OO
GLYKLTIOTPOPOPAAGTN EKTOC GTNV TEPLOYT TOV
avTEUPPLIKOD TOAOV-EMMOUATIKO Ty L

121 nuépa -€ma@r] GLYKLTIOK®OV KOTAOTNTOV UE TO
UNTPIKE KOATOELON -EVAPEN UNTPOTAUKOVVTIKNG
KUKAOPOPIOG

ELPVTELON PAOGTOKDGTIG OAOKANPMOVETOL GTU TEAT TNG
21n¢ fooudoac



13n nuépa
EuPBpuikoc 01oKoc KpEUETOL GTNV YOPLOKT)
KOTAOTNTO LLE TO POYLOUMC KEIULEVO ALVIO KO TOV
KOTALOKMG KEIEVO AeK101KO 06K amO TO GLVOETIKO
Lioyo (eCmeuPpovikd pecOOEpUd) ~—> OUPAALOG
A®POC
VTOPAAGTN oYNUATICEL OEVTEPO KOO TTOA/LLOD
KUTTAP®OV —> OELTEPOYEVNC 1 OPLOTIKOG AEKIOKOC
AGKOC

TPOTOYEVNG AEKIOIKOC 0OKOC = EEMKOIAMUATIKEC
KUGTELG
YOPLOKO TTETAAO 1M YOPLOKOC OloKoC =eEmeUPPLIKO HecOOEPLLO. TTOV
EMEVOVEL TNV £0M EMPAVELN TNG KLTTAPOTPOPOPALGTNCH
000 oTAdEC TpoPoPAAGTNG
—  To y0pro eKKpivel TPMOTEIVEG TOV
gumooilovv TNV avamTLEN AVTICONATOV OO

ZUYKUTIOTPOQOBAGOTN

™ pnTépa

—  Endayer mapayoyn T Aep@okvttapov 2 AL Kuttapotpogophdo
OV KOTUGTEALOVY T1] QUGLOAOYIKT] GVOGOAOYIKI) /’ \ =< E£weyppuike
amOKPION TG PHTPOS < s

-Ilapayel T YoprLoK] YOvad0TPOTIVY



OproTIK0C AEKIOIKOG 06KOG

Agrtovpyikoc Emc tnv 4n 0.

EEmeuPpuikd pecodoepua 1ov AeK. 0okoV=0£61 apomoinong
Evo0oepua Aek. aoKOV=TtpmTEIVEC OPOV

MetafoAlonog Opentikmv ovcimv Yo To EUPpvo

Evtomion 6to t€Aog ™S 3n¢ €f0. oto e€meuPpviko pecooepu
KOl EVOOOEPLLOL AEK.OLOKOV KO TNE OAANVTOTONS TOV  PAACGTIKDV
YEVVINTIKOV KVTTAP®V LE TPOEAELOT] OO TNV EMPAACTN

[Tapopovr) Tov AeK. TOPOL UETA TN YEVVIOT =EKKOATTOLO TOV
Meckel

Xoupomva pe tovg O’ Rahilly and Muller 6to £uppvo tov avBpmmov dev
oynuoatiCeton AEkB0¢ Ko 0 o 0OKIUOS OPO¢ Yo TO AEKIO1KO aoKO Bempovv
0Tt €lvan 0 Opog ““oUPaAIKO KVGTIOW



ECoeuPpuikeg peuPpaves

Apvio AtloTifo Apviako
gmOqMo+eEoepfpuiko
COUUTIKO HEGOOEPNT,

XopLoKo wETaro Tpiotifo EEoeupfpvikd copatiko
neGOOEPRO+
GLYKLTLOTPOPOfSAdoTn+
KUTTOPOTPOPOPLGGTY

Toiyopo AekiOikov aokov  Atotifo Evoo0dcppa AekiOikov
aoKoV +eCmenPpoiko
OTTAOYYVIKO HEGOOEP LA




Opeyn epppvov

* In gfooudoa KOMGNC=01dyLoN

e 21 gPooudon KOMGNC=UNTPOTAAKOVKOVVTIK)
KUKAOQOPLa-01dyvomn

* TEAOC 3NC EROOLAONC KOG C=0PYEYOVO
KOPOLOLYYEIKO GUGTNUO-TPLTOYEVEIC AAYVEC
TAOKOUVTU



IIpwiun epPpuikn mepioooc (Evapen tnv 31

eBooudoa Emc v 8n gfooudon)
-KOTOUPOAEC OA®V TOV HEILOVOV EEMTEPIKMV 1
EGOTEPIKOV OOUMOV TOV EUPPOOV

oy euPpoikn mepiooog -9n Emc 381 €fo0.

— Metacy 4nc €m¢ 8N¢ EOOUAOAC-OVATTUGGOVTOL TO!
OPYOVIKO GLGTAUATA (TEPI0O0C OPYUVOYEVEGTC)-
EAAYIGT AELTOVPYIKT] OPACTIPLOTITA

S56m nuepa to EuPpvo Eyel avBpwmivny oyn
['ootpoimon (EmONAMO-HECEYYVUOTIKOS
LLETOOYTNLOTIGLOC) -OlEPYACIO TOPAYDYNC TMV TPLOV
BAOGTIKOV 0EPUATOV (ECMOEPLLA, EVOOOEPLLQL
LEGOOEPLOL OTTO TNV EMPAACTN)



3n efoonaoa

['aotpoimon (EmONAMO-HECEYYVUOTUIKOC
LETOOYTLOTIGLLOC ) — EKTETUUEVEC LOPPOYEVETIKEG
KIVIGELC Y10, TO CYNUATIGUO TOV TPLOV PAOCTIKOV
OEPUATOV — OAOL O1 16TOL KO TOL OPYOLVH, TOV
euppvov

‘Exkpion vaAlovpovikoL 0E€0¢ amo TNV emPAGGTN-
LETAVAGTEVGT) LEGOOEPUATIKDV KUTTAP®V OLOLUECOV
TNG WVOVEKTIVNC TOV PactkoV vuEVa TS EMPAACTNG
AVATTLEN KOPOLXYYELNKOD GLUGTNUOTOC OPYEYOVT
KOPOLQL, aPYEYOVO LEYAAD OryYELD OTTO
LEGEYYVUOTUKO KVTTOP GTNV KOPOLOYOVO YOPOL
KPOVIOKA TNG TTPOYOPOLALOC TAGKOS

YOPLOKEC AAYVEC TAAKOVVTOL



['acTproimon- EmiOnio-peceyyvLotikoc LETOOYNUATIGUOC
*Tpictifo EuPpvo, kaboplouodg Twv
TPLOV EUPPLIKOV AEOVOV
-Kegparovpaiov ( tpocOionicOiov)
- Payytonokotiiokov
- [TAdryrov (0€E18C-ap1oTEPTC
TAELPAC)
*To 0p16TIKO EVOOOEPLLO KO
EVOOEUPPLIKO HEGOOEPLLO === IO TN
YOOTPLOIMGT LEC TNG OPYIKNG TOVIOG

*H apytkn tawvio apytkd tprymviko
GYNUO, GTOOLOKE ETUNKOVETOL UE
KUTTOPIKT] OVAOL0PYAVIOOT) LEGM TNG
OlEPYOGLaC TNG GLYKAVOVGHC
EMEKTAONC .

*Me v ELeavion TG aPYIKNG ToVioG
AVOYVOPIGT) TOV EUPPLIKOV 0EOVOV,
Oewpeitor OpUmS OTL 01 AEOVEC owTOl
£YKaO10pVHOVTOL GE TTLO TPOLLOL
AVOTTUELOKE GTAO0




3n €foonaoa

o EMPAACTY  m—t— apxuol Touvio

aPYIKT Aok, apytko Bobplo, apyikog kouPoc
VITOAEIULLOTOL APYIKTC TOVIOG -1EPOKOKKVYIKA
TEPUTOLOTO
* OPYIKOC KOUPOGm=E=—  VOTLOIOYOPOIKT] OTTOPLGT)
Py (KOIAOC LEGOOEP. GOANVOG)

Xeihog Topng ZT0§at09apuYYIKN pepBpdvn

T0U apvioy
& y ) Kepahwa
Oupaia [ | =7 )

ey votiaia yopdn (cvumayn

o v\'(noBAdtLTE EmBMl(rm aokou p a SOQ

Kothiaka

VOTLOLO YOPON-0pYEYOVO AEova TOV EUPpOov
(ueAlovtikny € GTOVOVAIKNC GTNANC)

TEAOG TNC 3Nc €Po.



Auviaki
Kothdmta

ErupAdom ; \ ) ZUYKUTIOTPOQOBAGOT
YropAdom '
Kuttapotpo@oBrdom
4 4 ; EEwepBpuiko Payiala
N : leaddeppa J ' X B , 1" ZXT.I H(XTIKT,]
RE0G Tong FT0HaTOQPUYYIKT] HEBPGVN

TOPACTACT] TNG

Tou apviou

A N\
%\ Kepahia ,
/) xeos POYLOLOG
N = < TOWG Tou o
<6k — N\ U exiBikou EMUPOAVELOG
YrioBAdom EmBAdom  aokou
— B o TPOGMOUITIKOV
s ZT04aTOQapuyyiKi 4
S euppvov 16 kot
. «; \ — XelAog TopiG Tou apviou 1 8 n “8 pd)v
- £ L poxopdiaia Kat vwTiaio-
o /| xopdd kittapa
Apywf Tawia —% et - ' , ApxIkdG k6pBog  Apxiki Tawia ’
& MepBpdvn g apdpag TO MT]
v Oupaia Erurdom .
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) / Ak AR
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EykoAnwon peoodeppan-
KQV KUTTapwv YropAdom
A Kotkiaka




ONAv EUPPLO HE 1EPOKOKKVYIKO TEPATMLLO, VEOTAAGLO GTNV

LEPOKOKKVYIKT TEPLOYN N
2 VVEYILOUEVOC TOAAUTAOGIOCLOG KOl LETAVAGTEVGT] TOV KLTTAP®V
G EMPAAGTNG HEGH TNC APYIKNG TOVIONG , AKOUN KOl OTOV £YOVV
GYMNUOTIGTEL 1] KEQAAIKT] KOl OVPOLN, TEPLOYT TOV EUPPVOV



Kvpia yeyovota tng 31 gfooudoog g
euPpuikng avamTuENC

*I'00TPLOLMGT] = EKTETOUEVEC LOPPOYEVETIKES KIVIIOELS YO TO GYNUOATICUO
TOV TPLOV BAAGTIKOV 0EPUATOV (EEDOEPLA, LEGOOEPLLOL, EVOOOEPLLAL)
(tpiotifo EuPpvo) amod ta omoia Bo TpoEABoLY OAOL 01 16TOL Ko T OpyavaL
TOL gUPpvov

*AvamtTucn KopoloyyYELOKOU GUGTI|NATOS 0PYEYOVT KapOld, apyEyova,
HEYOAQ ayyeiol amd LEGEYYVUATIKA KOTTOPU GTNV KOPOLOYOVO YDOPO KPUVIOKA
NG TPOYOPOLOLOC TAAKOLS
*X0pPLoKES AAYVES TAOKOVVTA
*AN@POTEPOTAEVPT GVUUETPLO
*Ke@aAhoovpaiog Kol KOIALOKOS-payLaiog dEovag
“Evapin emoyoyikov aAlnremiopaocemy
N voTtioio yopor) EXAYEL TNV AVATTLEN TNG VELPIKTC TAAKOLC

(vevproimon-téloc g 3ng €B9.)

TO EVOOOEPULO EMOPE GTO LEGOOEPLLDL,



MapGywya TV TPIGV MPWTOYEV@Y PABOTIKGV dEpPATOV

BAaoTikG dEppa Mopdywya
E¢wdeppa Kevipiko VEUPIKO oUaTNHA
[eppepIkG VEUPLKO oUaTHa
Erudeppida, Tpixes, ovuyes, aloBnuikd erubrAwo: pum, wta, 0gBaAyol

Meoodeppa
Mapa&oviko MEpog Tou Kpaviou, pueg, arovouAol
Aldueoo OupoyevvNTIKO aUCTNLA
MA@yt MeTaAo
2TIAQYXVIKT oTIada Opwdelg pepppdves yupw amno opyava
Y WUATIKY 0TIRAd OpwoELS Hepppaves, OWUATIKO TolXwHa, akpa
Evdodepyla Apy£yovoc TEMTIKGS owhivag Kat Ta mapdywyd Tou: adéves, TveUpoves, fnap, XoAn-

00Y0C KUoTn, maykpeag



“OraAopopea’’ KotTapo (PEPOLVV
WYELOOTOO0)
Bottle Cells 4/ %




Payioieg opeig epPpiwv oTo oTadio e yoorpidinong

Kegahika Kegahika

AekiBiKOC aoKOg

Xeihog Topng
ToU auviou

\
\
\‘l

|

——-—TLI- Nepoyn kepakne

3

Apxwn
1atvia Rl
Oupaia
A 16n nuépa

18n npépa
Kegahika

XEIAOG TOPNS TOU apviou

Nepoxn VEUPIKNS
NMAGKQS Yia 10 oxMua-
TWONO TOU EYKEPAAOU

ApXIK6S kopfog

Apyn Tawvia

Oupaia
19n npépa




ITopaT0eapuyyxn uepioawn

_ I10pat09apuyyw
oy e penBpavi)

*A. EEe1dikevpévo mpotLmo
LETAVAGTELGNG TOV KLTTAPWOV TNG
eEMPAAGTNG LEC® TNG OPYLKNG
TOVIOG Kol opyLKon KOuBov

/ ) ‘
.‘i B —Xsiog topnc Tou cpviny

L Mpoxopiuia ka viotsaiyopBud
KuTopa eoy. cEucpBpulxo proddepun

Sy, Buogeoo peoddepuo

¥ oy, Ao nEtako

pecobEpuaros

vy, vunala xopda

ny, Nopatoving PEoddepuo

ApYoOS KopBog -

Ap| Tamo

- — | * B. Zyedtoouo¢ avamtuElokon
A ' ¢ " Mafoln i i xaptn (yéptng menpopévov, fate
Aocet ol map)-douéc Tov B GYNUOTICTOVV

VEUDEVIEMKOS ROPOS

----------- [ et o and kabe Tunua Tov epPpvov

o

,/‘;’l:\lt‘)nu h{':““ﬂ':‘:": ,"" \ / Nuwnooyopdins) dxn r 4 4
’ e srvic | / . )OO0 A
o e \ T KOO, TNV TOPELR TNEC PLGLOAOYIKNC
< 2 ) \ T B tAhovioido _— “"
Togupa | NMpoyopduaid |\ . ‘g PNy ,
Aexmo) _f |peodbepyn  Numaio xopdi ."" * AUopo mETalD 'I{v\‘)a;uw:un,n \‘ 0V avanruz.’ng'
08\, Trapato N (uepBpdim g awdpac) HEaGSepy S
Pa0pUYIT) !

e *O)La T pépm tov eufpvov £xovv
Nl éva tempopévo (fate), addda n
OEGUEVCT G TTPOC TO GYNUATICUO
CUYKEKPIUEV®V OOUMV M
KUTTOPIK®OV TOTTOV ATOKTATOL
LEG® OLOKLTTOPIKDV
AAANAETIOPAGEWDV

EvasuBpuing
peoodepua

Nunooyopden mhdxa

*Kuttapa g mpoyopotaiog
‘ TAGKOG OTUOVTIKA Y10 TNV
= T EMAY®YN TNG OVATTLENG TOV

Evborypuid peoddepuo

HEOGdEPHD

TPOGEYKEPAAOV



*To TpdTO KOTTOPO TOV OLEPYOVTOL OLOUEGOV

! TOL OPYIKOV KOUPOL Ko TNG apyIKNG TAVIOG
HETAGYTNUOTIGHOG ovTIKad16TOOV T0. KOTTAPO. TNE VITOPAAGTNC Kot
oynuatifovv ta 0pIoTIKA EVOOJEPUIKA KOTTAPO

EmOnAo-peceyyouotikog

=" Tnv 1d1a ypovikn oTryun Aoym e
LLETOVAGTEVGNG TV KLTTAP®V LOUEGOV TOV
apy koD KOUPBOV TPOG TNV KEPAALKT) TEPLOYN
B 1) LLLOLPYOVVTOL:
’ »H mpoyopodiaio mAdka —Toa kKOTTAPA TNG
TopeEUPAALOVTOL GTOL KOTTOPO TOV
TPOGO10V EVOOOEPUATOS, OTOTEAOVV TOV
opyovmt ¢ kepaAng (head organizer)

» Ta kdTTOPO TG TPOYOPOLUIOG TTAGKOLG
GUVEIGPEPOVY GTO GYNUATIGUO TNG
GTOUATOPAPLYYIKNG HeUPpavns (dioTifin
HepPpavn and eEmdepua Ko EVOOSEPLLOL
OTNV LEAALOVTIKY] TEPLOYT TOL GTOUOTOG)

»M£pog TV KUTTAP®Y TNG TPOYOPILOLNG
TAGKOG veioTavTol ETONAOKO-

»H votioioyopdikn amdevon LLECEYYVUOATIKO LETOGYNUATIGHO KOl

(ueAovTikn vortiaio yopor) oyNUatiCouy To HEGEYYLUO TG KEPAANG,
"MObpro KUTTOPIKNG TPOGKOAANONG Kot evTomilovTon KEQPAAKA TG VOTIOG
WWTEYKPIVEG, YOPONC KOl KAT® OO TN TEPLOYT TOV

TPOGEYKEPAAOV



2YNUOTIGUOC TNE VOTLOA0G YOPONS

H votiaio yopon etval pic coAnvot amd@uon mTov oynuatiCetol
amod TO KOTTOPU 7OV EYKOATMOVOVIOL GTOV 0OpYlKO KOuPBo Ttov

Hensen kot petaktvoOdvtol TPoG TO KEPAAMKO OAKPO UEYPL TNV
TPOYOPOLOLOL TTAAKAL.

# Prochordal
D'ate DrOCBSS

Primit
streak

ﬁ.‘ B




PREm——

Central canal
C Prlrm'we pit ‘

Wwallof
yolk sac—f \
H Prochordal plate

A"

Amo ™ 17 nuépa 1o
LEGOOEPLO, KOL T
ATOPLGOT TNS VOTLOLOG
XOPONG xwpitovv
EVTEAMC TO EEMOEPLLOL
oo TO EVOOOEPLLA LUE
e€aipeomn
GTOUATOQOPVYYIKN
ueuPpdvn Ko ™
HeuPpavn g apdpag.

Notochordal process

- Connectmg stalk

»

\
\
\

\ B

f-—A“aﬂtOlS
&

¢ “Cloacal
% membrane

e . =
S
o+

Future

cardiogenic

area

A Prbchordal plate

Intra-embryonic mesoderm

| 2 ' Sl
m | A E)(trd- } Wl | g 1 i -Q
& ¢ %r embryonic \\ - AL o
’ . . Y rnes{)derm "--.‘x_L—- ""‘""”"_':_« xR LR _\

\ Endoda rm’
Notochord ;

‘Eva tuikpo6 eykoOAToua, omd
TO TOlTY®UO TOV AEK1O1KOV
0GKOV EKTEIVETOL LEGO GTOV
GUVOETIKO UiGYO.
EupeaviCetor tm 16m nuepa
KOl OVOULACETOL QALY TOTOOL.

Cloacal membrane’ Allantois

Intra-embryonic

Primitive groove mesoderm
~—

Yolk sac oy
Endoderm °




Ta xOttapa g amodO@LONC NG VOTIOHAC YOPONG EVOOUATMOVOVIOL GTO
EVOOOEPLLAL.

Notochordal p|ate

¥ Intra-embryonic

C

Endoderm
mesoderm

Apyotepa, oynuatiCovv v 0OpleTIKY voTloio Yopdr, 1N omoio amoKOAAATOL
and TO €VOOdEpPUO. Kol Onuovpyel &vav dovo, ot UEGT YPOUUN, TOL
YPNOEVEL WG Baon Yo Tov aEoviKO okeAeTo. O dfovag avTtog ekteiveTon amo
TNV TPOYOPOLoia TAGKA(GTOUATOPAPLYYIKT HeuPpdvn) mpog tov KOUPo Tov
Hensen.



['evetiko mpoypaupo TNEC TAEVPIKNG ACVUUETPIOG

ErupAdom

pdoBio onhayxvikd eviadeppa
A (mpwrtoyeveg evdodeppa)

ZT0patopapuyyikn
Heuppavn

APYIKGS, KOUBOG

APXIKI}
tawia

Mepppavn
me apdpag

ApxIk6g koppog:

goosecoid, chordin,

noggin, follistatin,
odal

711 ST
L hodtdaloled /7 ST
IIIIIIIII,' LD
R
L)

YropAdotn

Neupikog
OWANvag

Nwtaila

xopdn (SHH)

ApPXIKOC KOHBOG
(FGF8)

O apy1kog KOUPoc opa ®¢
<<OpPYOVOTNG >>Y10, TN
<<pOy10TOINGN>> TOV
LEGOOEPLLOTOG
(O10pPOPOTOINGT| TOL GE
vOTIOi0 YOpor Ko
TOPUEOVIKO UEGOOEPUQL),
Kot 0T << KOlA10Toinoen>>
TOV LECOOEPLOTOC
(oYMUOTIGUOC OLAUEGOV KOLL
TAQY10U TETAAOV TOV
LEGOOEPLLOTOQ)

Ta yoviowa wov pvOuiovv v avdrTuEn TOV 0pYAVEOV GTN OECIA
TAELPA Ayvoota Katd To TAgioTov. Kdmolo poro paivetal 0T
mwoilel o petaypoikog mopdyovrac NKX3.2



[Ipoyoporaio mAdka Kot TpOGO10 GTAayYVIKO
EVOOOEPLLLL

H npoyoporaio mhdko amoteAeiton amd KOTTOPO LUE TPOEAELOT] OO TO KEPOAIKO
GKPO TNG OPYIKNG TAVIOS TOL OLEPYOVTOL TPDIUO OLUEGOV OTNG (TNG APYIKNG
TOVIOGC) KOl GLVOEOVTOL AELTOVPYIKA KOl OOUIKA UE TO TPOGH10 GTTAMYYVIKO
EVO0OEPLLO. (apYEYOVO 1 TPOTOYEVES EVOOOEPLLX,) TTOV OTOTEAEL TUN QL TNG
VoPAAGTNG. Ocwpeital 0 << 0pyavVOTIC>> TNG KEQAAKNC TEPLOYNS

To mpocbio omhoyyviko evOOOEPLLO TPV TO GYNUATICUO TOV LLEGOOEPLLATOS EKPPACEL
YOVIOl0 TOV KMOIKOTOL0VV TOVG peTarypapikovg mapdyovteg OTX2, LIM1, HESX1
(XOPAKTNPLGTIKG YOViOl0L TG TPOXOPOLALNG TAAKAG) KOL TOV EKKPITIKO TAPGyOVTOL
cerberus . Enaymyn oxnpatiopod g KEQUAKNG TEPLOYNG TPV TN YOOTPLOImON
KaOm¢ apydtepa Kl TOL TPOGHI0V EYKEPAAOV (TPOCEYKEPAAOV).

APYIKG 1 ETOYOYN GYNUATICHOD TNG KEPAMKNG TEPLOYNG amd T0 TpdGhio
OTTAOYYVIKO £vO00EpLA Eival aoTaBNC dALL KATOTLY EVIGYDETOL OO TNV ETOYWOYIKT
OpAOcT TNG TPOYOPOLOLNS TTAAKOG

To mA£ov KpOVIOKO TUMHO TOV TPOGHIOV GTAAYYVIKOD EVOOOEPLLOTOG EXAYEL TO
GYNUOTIGUO TNC KAPOLEC

H apyn touvia kot 0 apyikog KOUPOS GLUUETEXOVY GTOV KABOPIGHO TNG TAEVPIKNG
acVULETPIOG (OEE1A-0PLOTEPT) AGVUUETPIO TOV EGOTEPIKAOV OPYEV®V)



H eyxabidpvomn ¢ apyikng towviog Kot n olaTpnon e oPeiAovTal 6TV
gkppaon g hodal (uélog g owoyévelog e TGF-B) oty meployn Tov apyLkov
KOuPov
Katdmy kaBoptopoc e poytoios-KotAloKNC ToAKOTNTOS TOV EUPPLIKOD dicKOD
— "Ex@poon ¢ poppoyevetikne tpoteivie tov ootV (BMP4) og oldxinpn
TNV TEPLOYN TOL eUPPLiKoV dickov. Mall pe Tov awENTIKO TapdyovTo TV
woPractov (FGF) endyovv tnv <<kolAomoincn™>> 100 LECOOEPUATOC

— H éxppaon otov apyikd kéuPo tmv yovidiov goosecoid, noggin kou follistatin
tpoKaAel TNV avactoAn ¢ BMP4 ue anotélecua tn <<paylomoincn >> tov
LEGOOEPLOTOG KL TO CYNUOTIGUO TG KEQPUAMKNG TEPLOYNS

— Toa tplo Tapamdve yoviolo apyotepa EKOPACOVTOL GTI VOTLOL YOPOT),
CNUOVTIKA GTNV ETAYDYT] GYNUATIGCULOD TOV VEVPIKOD 1GTOVD GTNV KEQPAAIKN
TEPLOYN

— Apydtepa, 1 EKPpacT GTOV 0pyYIKo KOUPO Kot votiaio yopdr Tov Yovidiov
Brachyury (T) ovtoywviletar m dpdon tov BMP4 kot mpokaieitou
POYLOTOINGT) TOV UECOOEPLOTOC GTNV OVPaio TEPLOYT TOV EUPPHOV

H ouppetoyii Tov apyucod koppov oty EKPact TOV Topodve yovisiov kot 1
GUULETOYN TOL KOl G€ AAAEC avamTLELOKEC OlEpyacieg TOV KabGTOOV (G
<<opyaveOTN>>

APXIKOC KOUBOG:
goosecoid, chordin,
ErupBAdom noggin, follistatin,

-7

Mpdobilo orhayxvikd evdodepua
A (npwtoyeveg evdodeppa) YriopAdotn



H éxppaon e FGF8 and tov apyiko koupo endyet
v ékepoon g hodal 6to pesddepuo oty
aploTePT] TAEPE TOV EUPPLOV

‘Exppaocn mg nodal Tpwteivng (avikel oty
owoyévewn twv TGF-B) kou g mpwteivng pitx-2, ue
notifo daxtvAmv yevdapyvpov (zing finger proteln)
oL eviomileton o€ KaBodwk™ BEon wg Tpog v
nodal, oto apiotePd TAAYI0 TETOAO TOV
LLEGOOEPUOTOC, KOTA TNV TPMOLUN OVATTLEN TOV
COUTOV.

H nodal erdyet Siadoyikd évav airo TGF-f
napdyovia, Tov lefty-2, oto apiotepd TAGY10 TETALO
TOVL LLEGOOEPUOTOC, O OO0 Ae1TOVPYEL (G
aVadPACTIKOC pLOUIGTIKOG avaoToAéag Tng hodal
TPOTEIVNC.

Evtomion kot GAAov yovidiov mov pvbuilovv tnv
aplotepn-0e&ld acvupeTpio dmmc: Tov lefty-1 (uéhog
tov TGF-B), mov ekppdleton otV apiotepn TALPA
NG OPYIKNG TAViaG Tov eUPPLOL Kol AEITOVPYEL G
Qpoyrdg yia T dlathpnon e Ekepacng tov hodal
Kot lefty-2 oy apiotepn mAgvpd TC LEGNC YPOLUUNG
TOL gUPpvov.

H Sonic hedgehog (Shh, vatiaia yopon) sivor
amopoitnTn Yo v Ekepaocn tov lefty-1 .

210 Gnkacsruca dev Exel aKoun om:oca(pnwoea 0
unyaviopog poduuong g Shh. Eto wnvd n 0 vrosoyEog
tomov axtifiivig [activin type I1A receptor, (ActRIIA)]

Oewpeitan 0TL avactéldel T Ekepoon ¢ Shh on de&a
TAELPA TOL apytkoL KOUPov Ttov Hensen.

H apyuc toavia kot 0 apykog KopPog
GUUUETEYOVY GTOV KOOOPIGUO TNG
TAELPIKNG acLUUETPiaC (O€ELA-
APIGTEPT] OCVUUETPIN TOV EGOTEPTKDV
opYavmV)

JTopaToPaoUYYI]
pEpgpavn

Neupeig
AYTTS

\ 9
¥odal Nwmioio

yopdd (SHH)

Aoy, xdgiBoc

Apyu
Tawia Apywide kidyoc
(FGF8)
Meyppawn
MG Guapag



O xaBoplopoc TG 0EEIAC-0PIGTEPTIC OGVUUETPIOS OTO
GTOVOLAMTA PPIGKETOL DTTO YEVETIKO EAEYYO

e O akpiPn¢ unyavicuog pe Tov omoio eykabiopvovtor ot ACOVEG
cuuueTpioc Tov euPfpvov amotelEl TOAVTAOKO TPOPAN L0 TOV
TOPAUEVEL AAVTO. QoTOGO QaiveTal OTL 01 KPOGGOi TolovV GMNUAVTIKO
pOAO KaTA TNV EUPpLOYEVEST Y10l TOV KOOOPIGUO TNG 0EELAIC-
APLOTEPTNC ACVUUETPIOC TOV GOUATOC.

e  A&l10K0poin

— Alopoptio KaTd TNV 0Toio 0 apyEYOVOC KAPOIOKOS COANVOC
TTUYOVETOL TPOC TO APLoTEPA avTi TPOC Ta 0. Ta mepioooOTEPQL
dtopa e 0EE10KOPOLN TOPOVSTIALOVY YEVIKT] KOTOTTPUKOV TUTOV
avtineTafeon moAA®V opydvev . H katdotaon avtn ovoudletot
Voo TPoPn TV otAdyyvmy (situs mversus) (1/10.000 yevvnoceric).

— Evtomion xapotdg otn 0eELE TAELPA Kol N)TTOTOS OPLOTEPA.
AvooTpOQ1] AGVUUETPIOC KOl AAA®Y OpYAVEOV

— To oOvopouo avtd cuyva cvuPaivel oto cuvopopo Kartagener’s

(cHVOpOLLO OKIVNGIOG TOV KPOGGMV), TO OTOI0 OPEIAETUL OF
VTTOTEAT] LETAAAOECN



Neoyvo pe oeClokapoia

*TomoBétnon g
KOPO1ig 6Tn 0e&1d
TAELPA TOL BpaKo

*H ntoywon tov
KOPOLUKOD COANVA, UE
avtifetn eopd amd
(QLGLOAOYIKN
(OYNUOTIOHOG TNG
KOPOLOKNG OLYKVANG
TPOC TA, OAPLOTEPA OVTL
TPOC Ta 0CIA)




AVOUOMEC YOGTPLOIMGONG

Ovpaia oOvomiacio: opdda cLVOPOU®Y,
Kopoivovton amd NTES AVOUOAES EOC
coPapég dvomAacieg

*Ovpaia ovemiacio (dvoyevesia)

s Alatapay€c TS YooTpldimong uropel va
TPOKANOOVV Ao YEVETIKOVG KOl
TEPATOYOVOLG TTOPAYOVTEG.

*H ovpaia dvoyeveoia (ceipnvoueiia) etvat
TO GUVOPOUO TNG AVETAPKOVS OVATTUENG TOV
LLEGOOEPLOTOG TNG OVPOLOG TEPLOYNS TOV
euppoov.

*AgdoUEVOD OTL TO LEGOOEPLOL OVTO
CUUUETEYEL GTNV OVATITUEN TOV KATM AKP®YV,
TOL OVPOYEVVNTIKOV GUGTNUATOS (OLAUECO
LECOJEPILOL) KO TOV OGPVOTEPDY GTOVOLAMV,
TOPOTIPOVVTAL OLALUOPTIES AVATTVENS OA®V
AVTOV TOV dOUDV KOl GUVUTTAPYOLY LE

ATPN OO TOL TPOKTOV KOl KOPOLOYYELUKES
VO UOATEC.

*Metaira&el tov T yovidiov, ypou 17 cto
TOVTiKL TPOKAAOVV Ppayvovpia

*Mn @UGLOAOYIKN EKEPACT] TOV CLENTIKOD
tapdyovro Wnt oe melpapatdlma

o2& IVGOLMVO-EEQPTMUEVES UNTEPEC
celpnvouera otov dvlpwro.






[Ipoynpio: MetdAlacn o€ Lo TUPMVIKT
ueuPpavikn tpwteivn, v LAMIN-A



>ovopouo VATER (Vertebral defects, Anal
atresia, Tracheo-oesophageal fistula, Renal
defects, Radial forearm anomalies

* AOUOPTIEC GTTOVOVAMV, ATPNGI TPOKTOV,
TPOYELOOIGOPAYTKO GUPPIYLI0, OTOLOPTIES
VEQPPOV, AVOUOAIEC TN KEPKIOOS

— AVOUOAT oVATTLUEN KOl LETOVAGTEVCT] TV
LEGOOEPUKMV KLTTAPWV TV 3N €fooudoo



NoTwoia yoporn m¢ ETay®YIKOS 16TOS

Emaymyn Tov vepKeIpEVOL EEMOEPLATOC GE VEVPTKO 1GTO
(VELPIKN EMAY®YN)

Ka@opwuog TOV KLTTOUPIK®OV TOTOV GTO E00PLOH0 TETUAO
TOL VELPIKOV COANVA

Enaymyn Tov 6TovOuMK®OV cOUATOV (LETAGYLOTICLOG
TOV TOPOUEOVIKOD LEGOOEPUOTOC GE COUITEC)

Endyel Tnv tpoiun avamrtuén Tou poytoiov TUNUOTOS TOV
TOYKPEAUTOC

AToTELEL TOV TNKTOELON TLPNVA TOV LEGOCTOVOLAIWDV
Olokmv og EuPpva-Ppéen

2TOV EVIAIKO O TNKTOELONC TUPNVAG OO TOPAKEIUEVOL
LEGOOEPUOTIKE KOTTAP

Amotuyia eK(pDMGng MG VoTioiog x0p8ng —  YOPODLOTOL
GTNV IEPOKOKKVYIKT] KOl GOTVOIVIOKT] TEPLOYN



MéEcov ¢ 3n¢ €Po.-Nevpikn TAdka

Emaymyn amd ™ votioio yopor) Ton
VITEPKEIUEVOV ECOOEPUOTOS —>
Nevpikn mAdKo

Enaymyw ovcia otov tpdcbio
euPpoikd dcova
Noggin/Chordin
Enaywyikn ovcsio 6tOV ovpoio
euPpviko acova
FGF-8




Nevpiotoon

Emaymyn oynuaticrov amo tn veTioio Yopon
Nevpikn) TAdKo — VELPIKN ADANKO —VEVPIKOC GOANVOG

Y mootaipecn 6E EMUEPOVE TUNLLOTO, TOV KEVTPLKOV
VELPIKOV GLGTNUOTOG

H votiaio yopon 0ev endyel 10 GYNUATIGUO TOV
TPOGHIOV TUNUATOV TOV EYKEPAAOV KOl TOV OOLUMV TNG
KepaAnc. H opdon avt) amooloeton 6T Tpoyopotoio
TAOKO, KOl 6TO TPOGH10 GTAYYVIKO EVOOOEPLLOL
Nevpkog 1610¢ 6NV TpoOcbio TepLoyn —
[IpocOeykEparog /MeGEYKEQUAOC

— Noggin, Chordin , Wnt 1
Nevpikoc 16106 otV onicba mweproyn-PouPeyképarog
/VOTIOLOC LVEAOC

— FGF-8 (fibroblast growth factor 8)



. Poylaio emepavela mposmuUitikov
euPpvov niikiac 16 nuepmv
B. HAkiog 18 nuepov
. DoToypa@io poylaiog ETLPAVELNC
avOpoOmvou guppvov nAtkiog
18 nuepwv




Payaia amoyn euppvov
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