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Nepintwon 1

2€ MadKO otaduo epdaviotnkav kpovopota tpodking dnAntnpiaong
HE CUUMTWHOTA £VTOVOU KOLALOLKOU AAyouc Kot udapouc dtappoikol
ouvdpopov SLapkeLac 24 tepinov wpwv. Névte maldld voonAevutnkav
ME ocuumtwuota adudatwong.



Nepintwon 2

Nadi 2 eTwv eLloAyETOL GTO VOGOKOMELO AOYW OTIACHUWYV. ITO LOTOPLKO
tov avadEpovtal umotportalovoe¢ oupoAolpwéEl. AmO  Tov
EPYAOTNPLAKO €AEYXO TPOKUMTEL UTOMAYVNOLALMia Kol amo Tov
OLKTLVOAOYLKO-UTtEpnXOoYypadLKkO EAeyxo veppoAlBiaon



Nepintwon 1

2€ MadKO otaduo epdaviotnkav kpovopota tpodking dnAntnpiaong
HE CUUMTWHOTA £VTOVOU KOLALOLKOU AAyouc Kot udapouc dtappoikol
ouvdpopov SLapkeLac 24 tepinov wpwv. Névte maldld voonAevutnkav
ME ocuumtwuota adudatwong.

- H kaAALEpyela kompavwy £6et€e Aoipwén amnd Clostridium Perfringens.
-To Lappoikd ocuvOpopo odeiletal o HallkA ELOPOH UYPWV OTOV AUAO
TOU €VTEPOU Sla TNG mapakuTTapLag odou Aoyw dtatapaxnc Twv
amodppaKTIKWV {wvwv-otevwyv cuvaPewv ( evtepotoivn Baktnpiou
ouvéeetal pe tnv Claudin-4)



Nepintwon 2

Nadi 2 eTwv eLloAyETOL GTO VOGOKOMELO AOYW OTIACHUWYV. ITO LOTOPLKO
tov avadEpovtal umotportalovoe¢ oupoAolpwéEl. AmO  Tov
EPYAOTNPLAKO €AEYXO TPOKUMTEL UTOMAYVNOLALMia Kol amo Tov
OLKTLVOAOYLKO-UTtEpnXOoYypadLKkO EAeyxo veppoAlBiaon

-Owkoyevnic Yriopayvnolatpio untepacfeotiovpia kat veppoAilBiaon
-Alatapayn otnv mopakuttapla enavappodnon Mg kat Ca ano ta
VEDPLKA cwAnvapLlo.. AUTOCWULKH UTIOAELITOMEVN VOOOC Ttou odeileTal
oe petaAlaén oto yovidio tn¢ Claudin-16 mou evrtomiletat ota
ETONALAKA KUTTOPO TOU TIAXEOC QVLIOVTOC OKEAOUC TNG ayKUANG Tou
Henle, Imoopol odelhovtal 0 UTTOUOYVNOLOLULOL KOl OUPOAOLUWEELC OF
vedpoAlBiaon Aoyw umepacBeotiouvpiog



Tight junction Paracellular
Apical pathway
membrane A A

| Basolateral Transcellular
membrane \ ¥ pathway

Nature Reviews | Molecular Cell Biology



Nepintwon 3

‘Avépa 45 stwv pe ZA tunov Il epdavilel and npuepwv pucaAdbwdeg-
bAukTawvwdeg e€avOnua otov KOpHo




Nepintwon 4

Neoyvo 25 nupepwv eonxbn otnv MEO veoyvwv HE TUPETO,
enewoodla anvoiag, kot Bpadukapdia. To déppa touv epdavile
VeEVIKeUUEVO PuoaAdbwdeg efavOnua pe ouxvég Oéong
anodoAidwong-sLappwong kot Oetiko to onueio Nikolsky. Ano tig
EPYQOTNPLOKEG €eeTAOEL €ixe ewova Aoipwéng —-onyPng
(Aeukokuttapwon, avgnuévn CRP ktA) .




Nepintwon 5
Nuvaika 52 etwv epdavilel and etwv (pe e§apoelg kat VPEoEeLS)
gfavonua 6éppatog (tpyywtol kepaAng, KOPUOU Kol AKPWV) UE
duoalAideg apyikd kot otnv cuvéxela draBpwoeig-edpeAkidec. To
gfavOnua epdaviletar-efanAwvetar peta and tepn (Nikolsky
sign) .




Bloyia dépuaroc.

Duoalideg evOOeMIOEPULOLKEG KATW OTLO
TNV KEPATIVN oTifada.




OL duocaAidec eival anotéAsopa
MG anwAew¢ NG OoUVdEONG
HETAED TWV KEPOTLVOKUTTAPWV
(akavOO6Auon) Adyw Siatapaxng
NG OECHOCWHATIKAG KATXEPIVNG
Desmoglein 1.

-Toéivh A tov S. Aureus
(Pemphigus Impetigo, SSS)
-Autoavtiow ot (Pephigus

Foliaceous)






Nepintwon 3

‘Avépag 45 etwv pe ZA tumov Il epdavilel and nuepwv GAUKTAVWSOEC
eavOnua otov Kopuo

Awayvwon: Pemphigus Impetigo (torukn Aoipwén ano S.Aureus-toéivn
A). Nawda < 2 eTwv Kot avoooKatooTaApévol aoBeveic (24, XNA,
KokonOeLeg Ka)



Nepintwon 4

Neoyvo 25 nupepwv eonxbn otnv MEO veoyvwv HE TUPETO,
enewoodla anvoiag, kot Bpadukapdia. To déppa touv epdavile
VeEVIKeUUEVO PuoaAdbwdeg efavOnua pe ouxvég Oéong
anodoAidwong-sLappwong kot Oetiko to onueio Nikolsky. Ano tig
EPYQOTNPLOKEG €eeTAOEL €ixe ewova Aoipwéng —-onyPng
(Aeukokuttapwon, avgnuévn CRP ktA) .

Awayvwon: Scalded-Skin Syndrome (SSS) (ovotnpatiky Aoipwén amnod
S.Aureus-to€ivn A). Neoyva- Bp€dn Kat avocokataoTaApEvoL acOeveic



Nepintwon 5
Nuvaika 52 etwv epdavilel and etwv (pe e§apoelg kat VPEoEeLS)
gfavonua 6éppatog (tpyywtol kepaAng, KOPUOU Kol AKPWV) UE
duoalAideg apyikd kot otnv cuvéxela draBpwoeig-edpeAkidec. To
gfavOnua epdaviletar-efanAwvetar peta and tepn (Nikolsky
sign) .

Awayvwon: Pemphigus Foliaceous. Autoavoon vOooGg-auTtoavTLoW T
kata t™¢ Desmoglein 1. Awdyvwon pe Buooypia Sépparog-
avooodpBoplopo-ELISA.






EmiBnAlakd kottapa

KaAumttouv tnv enidpavela tov cwpatog (embepuida), emevélouvv
To KoiAa Opyava mou E€mMKOwwvouv He to mepBaiiov (lEZ,
OlVOTMIVEUOTIKO, OUPOTIOLOYEVVNTIKO  olotnua), €mnevéuouv
KAEWOTEG KowAOTNTEG (Y evéoOnAiokda KUTtopa ayyeiwv) kot
OLTLOTEAOUV TO TTALPEYXUHO TWV OSEVWV.

To emBAAl0 Onuiovpyel €vav  ekAeKTIKO dpoypuo HeToEL
UTTOKELMEVOU OUVOETIKOU LOTOU Kol e§wTePKOU TEePLBAAAOVTOG,
TLEPLEXOUEVOU KOLAOTATWV ] KOIAWV opyavwv

KUpla xopakTtnpLoTkA EMONALOKWY KUTTAPWV

*JUVOEOVTAL OTEVA TO VO ME TO AAAO MEOW ELOLKWV KUTTAPLKWV
OUVOEoEWV

* Mopdoloyikn kot Asttoupytkn moAwkotnta. Kopudaia, mAdyla
Kol Baokn mepLoxn

*H Baowkn tou¢ enidpavela npoodEvetal otnv Baotkn LEUBpavn



EmiBnAlakd kottapa

Ta eriOnAwa taévopovvral pe Baon :

‘Tov apOudé twwv otupadwv (povootifo, moAvotiPo,
PevdomoAuvotipo)

*To oxX o TWV KUTTAPWV (TTAaKWOEC, KUPOELOEC, KUALVOPLKO)

‘Tnv e€edikevon NG Kopudaiag MHEUPPAVIKAG TEPLOXNAC
(evdomoAUotifo KUAWOPLKO KPOOOWTO, TOAUOTIBO TIAAKWOEG
KEPATLVOTIOLNEVO)

Aewtoupyieg embnAiovu:

*Ekkplon (ry eEmOnALakAd KUTTOPO YOOTPLKWV adEVWV)
*Artoppodnon (mx emBOnAioka kOTTOpa AEMTOU EVIEPOU, €YYUC
EOTELPANEVOU VEPPLKOU cwAnvapiov)

*Metadopa (ry emORAL0 waywywv)

*Mpoctaocia ( my emdeppida)

* Ynodoyxn epediopdatwv(emidOnAia arcdntiplwv opydvwv)



Movootifo nAakwdeg emOnALo

(rtx evéoOnAo0, pecoBnALo, emBnAlo kKuPeAidwv)




MovootiBo kuBoeldécemOnAo
(rtx emORAL0 PIKPpWV EKPOPNTIKWV TTOPWV EEWKPLVWV AdEVWV,

emOnAlo Bupeoelboug adéva)
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Movootio KUAvépLko emiBnALo

(rtx emOAAo TEZ)




Movootio KuAvépLko emiBnALo

(rtx emORAo TEZ)




Goblet Cells & Secretions
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Filaments Terminal web Microvilli

actin filament
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MoAvotifo nAakwdeg emOAAL0
(rtx embeppida, eMOAALO OTOMATIKAG KOLAOTNTAG,

owoodpayou, emOAL0 KOATIOU KTA)

Squamous cells at the
free surface




WevdomoAuotifo emiOnAo

(rtx emORAL0 Adpuyya, Tpaxeiag Bpoyxwv)
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MetaBatiko emOnAo

(rtx emORAL0 oupntipa, oupodoxou KUGTNG, oupnOpOG







MoAwkotnta EmOnAlakwyv KUTTtapwv

Kopudaia pepppavikn neploxn
E€ELOIKEVOELG IOV EEUTINPETOUV CUYKEKPLUEVECG AELTOUPYIEG

*AOMLIKEC EEELOIKEVOELCG

Kpocooli: POAoc otnv petadopd uypou Kol CWHATIOlwY KOTA LAKOC
NG emidavelag tou emBnAiov o Kpooowtd erBnAlokd KUTTOP
QVOTTIVEUOTLKOU KOlL YEVVNTLKOU CWARva

MikpoAayvec: e oAa ta Stadoporolnueva kuttapa. MopdoAoyia
TOLKLAEL: OKOVOVLOTEC ULKPEC TIPOOEKPOAEC N TWUKVEC
opolopopdpec uvPnAéc mpooekPoAEC cav TPIXEC OPATEC OTO
GWTOVLKO HLKPpOOKOTILO( TtX PNKTPOELOAC tapudni AETOU EVTEPOU).
KevtplkOC OKEAETOC AKTLvVNC.

*EVOWHATWHEVEG OtV Kopudaia MHEUPPAVN TPWTIEIVEC ME
e€eldikevpévn Aewtovpyia 1.Y. Evivpoa (my StacakxoapldAdoec Kol
nMentdAoeg ot amoppodnTkd KUTTAPA TOU AEMTOU EVIEPOU),
SdilauAol Lovtwy, mpwteiveg petadopeic KTA



MoAwkotnta EmOnAtakwy KUTTtapwv

Kopudaia pepppavikn rmeploxn

MKPOAAXVEC

e Auédavouv tnv emidpadvela, maillovv poAo otnv amoppodpnon,
UTtOOEKTIKOTNTA YOV, yeLoNnC, dwToc, aloBnon pong uypou Ka.

e [loAAEg e€elbikevpeveg mpwteiveg (Evivpa, petadopelc LOVTWY,
netadopeic yAukolng, P450 ka) evtomilovtatl oTiC LLKPOAAXVEC.

e Ol HKpOAQXVeG eUTAEKOVTOL OE TIOAAEC PBOOLKEC AELTOUPYLEC
TOU KuTttapou (petadopd METOBOALTWY KoL LOVIWY, pETadopd
Kol amoBnkevon Ca2+, petafoAlopog TOELKWY OUCLWY Ka) Ko
dalvetal emiong OTL AELTOUPYOUV WG EKAEKTIKOC Ppayuog
SLAXVONC LOVTWV KoL JLKPWV HOopLwv.

e |Slaitepa adBovec (opolopopda uPnAEC Kol TWUKVEC) o€
ETMONALAKA KUTTAPA UE POAO OTNV METAPOPA LUYPWV KOl OTNV
arnoppodnon (evtepokuttapa, emBONAlaKd KUTTAPA VEDPLKWY
ocwAnvoapiwv).



MikpoAdayxveg







Filaments Terminal web Microvilli Cell coat




MoAwkotnta EmOnAtakwy KUTTtapwv

Kopudaia pepppavikn rmeploxn

MKPOAAXVEC
Aopn

-NpooskPoA}l TNC KUTTOPLWKAG MEMPBPAVNC NG Kopudaiac
emuPpAaveLog

-KevtplkOG «OKEAETOC» VNMUATIWV  OKTIVNG  —HLKPOVNHLATLOL
noeAAAnAa petafl touc Kat Kabeta otnv kopudaia emipavela
TOU KUTTAPOU.

-Npwteive¢ mMou aAANAemIdpoUV HE TNV OKTiVN: MPWTEIVEC TTOU
npocbdévouv ta vnuatia petafy toug (my fibrin, espin, villin)
NPWIEiveg Mouv mpocdévouv ta vpuatia otnv pepBpavn (ERM-
ezrin), pvooivn |

-Terminal web (opwovtiwg Slatetaypéva vnuatia aktivng
spectrin, myosin Il, tponopuocivn )
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MAayia pepBpaviki mepLoxn

*MopLa npookOAAnon¢ (cuvdEoeic)
*MopPoAoyIKEG EELOIKEVOELG TTY TIAAYLEC OVASLTAWOELG-TITUXEC OE
KUTTOPO LE KUPLO pOAO OTNV HeTAdPOPA LYPWV Kol NAEKTPOAUTWV

2UVOEOELG:

-ATtoppaAKTIKEG LWVEG
-2uvbéoelg npoodeong (Zwveg npocduong, AEGHOCWLOTOL)
-ZUVEEOELG EMKOVWVIAG (XOIOHATOCUVEEDELG)

ZupmnAeypa ouvdeong (junctional complex)
1.Artodpoaktikn {wvn

2. Zwvn npooduong

3. Asopoocwpa



Baown HEUBpAvVIKA MEPLOXN

-Baolkog vpéEvac-Baolkn pepBpavn

-2UVOEoELC KUTTApPOU-s€wKuTTAPLOC ouoiag (eoTlaKEC POoPUOELC
KoL NUdecpocwpaTa)

-AvadumAWOoELG TNG HEUBPAVNG TNG BAOLKNAG TTEPLOXNG TOU
KUTTAPOU-



MAayia pepBpaviki mepLoxn

JUVOEOELC:

1. AnodpakTiKEG {WVEC
2. Zuvbéoelg npoodeong (Zwveg npocduong, AeGHOCWLOTOL)
3. Zuvbéoelg emkovwviag (XOOHATOCUVEETELG)

ZupmnAeypa ouvdeong (junctional complex)
1.Artodpoaktikn {wvn

2. Zwvn npooduong

3. Asopoocwpa






Anodpaktikég Zwveg (Tight junctions, zonula occludens)

2tnv kopudaia meploxn tOu KutTtAPou. To mMPpwTto (mMPo¢ TNV
Kopudn TOU KUTTAPOU) OE OELPA CGUOTOTLKO TOU GUMTTAEYHOTOC
oUVOEONC. ZUVOEETOL LLE TAL VAUATLOL OLKTIVNG

HM. Ol pepUBPAVEG YELTOVIKWV KUTTAPWV OXESOV o€ enadn-celpd
E0TLOKWV OUVTAEEWV YELTOVIKWV MEMBPOAVWV TIOU QVILOTOLXOUV
otnv aAAnAenidépacn OSLAMEUPPAVIKWYV TIPWTEWWV-YPOLULKA
Sdtataén popiwv nov dnuiovpyoulv Eva SiXTu MOV MEPLKUKAWVEL TO
KUtTapo cav {wvn
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Fig. 1. Morphology and functions of tight junctions. A Schematic diagram of tight junction. B Tight junction strands on freeze-fracture replica.
C The fence and barrier functions of tight junctions



Anodpaktikég Zwveg (Tight junctions, zonula occludens)

Mopulakn doun

sAlapepupBpavikég npwrteiveg: occludin, claudins (27), JAMS,
eKuttaponAaopatik mAAKO. MPWTELVEC HE POAO LKPLWHUATOC, HE
onUAtodoTIKO poAo, Tpwteive¢ Tou  aAAnAemidpolv  pe
kuttapookeAetod (PDZ-proteins (Z01-3) MAGI proteins, Cingulin,
Symplekin ka)

*NnupatTLa aKTivng



Anodpaktikég Zwveg (Tight junctions, zonula occludens)
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Anodpaktikég Zwveg (Tight junctions, zonula occludens)

Aewtoupyiec

1. Awamepatdotnta emOnAiwv  kar  evdéoOnAiwv-Asttoupyia
eKAeKTIKOU Ppaypol/ppaktn

PuBpnilouv tnv petadopd popiwv dia tng

mtopakvutTIaplac  odou  (puBuilouv TNV  duaxvon vepou

NAEKTPOAUTWYV KOl MLKPWV MHOPLWV HETAEY YELTOVIKWV KUTTAPWV

OLTLO TOV QUAO TTPOC TOV PECOKUTTAPLO XWPEO KAl TO CUVOETIKO LOTO

Kot avtiotpoda)-aplOpudc kat moAumAokotnta SLApEUBPOVIKWY

NPWTEWVWV Kat StavAol vepou amno claudins

eSlakutTapLag 060U peTall Kopudaiog kot TAAYLOBACLKAC

TMEPLOXNG KuTTApou (ouvieAoUv otnv dlatipnon tng EVIOMLONG

EVOWMATWHEVWV OTNV HEUBPAVN MPWTIEWWV otnv Kopudaia R

nAaylofaciki mepoxn TG HEUBPAVNC-SLaTPnon MOALKOTNTOG.



Tight junction Paracellular
Apical pathway
membrane A A

| Basolateral Transcellular
membrane \ ¥ pathway

Nature Reviews | Molecular Cell Biology
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Anodpaktikég Zwveg (Tight junctions, zonula occludens)

Aewtoupyiec

l.Auanepatotntaa emiOnAiwv kat  evéoOnAiwv-Asttoupyia
eKAEKTIKOU Pppaypou/Ppaktn

2.Anpovpyia-diatipnon  MOAKOTNTOG TwWV  EMONAlakwv
kuttapwv (Asttovpyia dpaytn). Awatipnon €€edikevong Twv
SLadpopETIKWV MEPLOXWV TNG HEUBPAVNG

3. Inuoatodotnon. PuBuilouv Kuttaplkd TOAAAMAQCLOOMNO,
dtadpoponoinon



apical surface

tight junction transmembrane

/ proteins

basolateral surface



Anodpaktikég Zwveg (Tight junctions, zonula occludens)

Aewtoupyiec
ZNMUOVTLKO pOAO o€

-evd00nAlakouc ppaypouc ry aipoto-eykepaAikoc ppayprog
-erilOnALo tou MNEZ (evtepkn amoppodnon, ppayuoc otnv eicodo
no@oyovwv Kot BAanTikwy MEPLBAAAOVIIKWV TTOLpaYOVIWV)
-emONALl0 Twv vePpKWV owAnvopiwv (vedpknl ocwAnvaplakn
emavopodpnon-anEKKPLON-OpoLOoTacT UYPOU Katl NAEKTPOAUTWV)
-emlOnALo avanvevotikol (meplopilouv tnv €icodo maboydvwv)
KoL



Table 2. Human diseases relevant to tight-junction functions

I. Disturbance of the fence function {maintenance of cell polarity):
Cancer cells'™ ™
Oncogenic papillomavirus infection
II. Disturbance of the barrier function (regulation of paracellular
pathway):
1. Wascular system:
Edema
Endotoxinemia
Cytokinemia™
Diabetic retinopathy"*'*
Multiple sclerosis®
Blood-borne metastasis
2. Gastrointestinal tract'™:
Bacterial gastritis”™™
Pseudomembranous colitis™'
Crohn’s disease™'"
Uleerative colitis
Celiac disease™
Collagenous colitis'™
3. Liver:
Jaundice
Primary biliary cirrhosis'™
Primary sclerosing cholangitis
4. Respiratory tract:
Asthma'™"
Adult (or acute) respiratory distress syndrome (ARDS)'”
Viral infections:
Reovirus,” adenovirus.' coxsackievirus.” rotavirus,'”™ HIV®
6. Hereditary diseases:
Hypomagnesemia®
Deafness'®
Cystic fibrosis'™
7. Miscellaneous:
Ovarian hyperstimulation syndrome'™

110112

143 157

135-137

160,161

132

Ln




AmtoPppakTkEG {wVEG Ko tol@oyovol LKPOoOoPYOVIoHOL

-AKApEQ OKOVNC (MEPLTTWHATO MAPACITOU TIEPLEXOUV TPWTEACEC
nou otoxevouv occludin ko ZO-1)-8watapaxn ¢paypov
erudeppuidoc kot avamnvevotikol emiOnAiov-eUKoAn eicodoc
aAAepyloyovwv-eEavonua, acOpa

-Clostridium perfringens  -tpodiky dnAntnpiacn (diappoiko
ouvépopo) eviepotofivn deopevetar oe claudin 4 Swatapoxn
bpaypov eviepkol emiBnAiov—avénpévn petadopd vepoul Kot
LOVTWV LA TNG ImapoKuTTAPLOG 060U GTOV AUAO TOU EVTEPOU
-Vibrio cholerae ZOT kataotpédet occludin

-Helicobacter pylori H mpwteivn tou CagA aAAnAemidpa pe Z0-1
kat JAM1 pe amnotéAsopa tnv Swatapaxn tou ¢payupol Tou
YOOTPLKOU BAEVVOYOGVOU-YOOTPITLOA-YAOTPLKO EAKOG



Anodpaktikég Zwveg (Tight junctions, zonula occludens)

ArntodppakTikéG {wVEG Ko tol@oyovol LKPOOPYOVIOHOL

-l16¢ nrnatittdag C (HCV): Claudin 1 ouv-unodoxéag tou HCV —
S1eUKOAUVEL TNV €i00d0 TOU LOU oTOL NIATOKUTTAPOL

-Reovirus  (veoyvikp evtepitiba) oAAnAermdpa pe  JAM
gvOOKUTTAPWON OV Kol €Evepyomoinon onpatodotnong mou
odnyel og anontwon

-Oykoyovol ol (adevoloi Kat Lol ONAWUATWV-OYKOMIPWTEIVEG TOUG
deopevovtal kot kKataotpEdpouv ZO-2 ou €XEL OYKOKOTOLOTAATLKA
dpadon



Anodpaktikég Zwveg (Tight junctions, zonula occludens)

AnoppaKTIKEC LWVEC KOl YEVETLKEG ALOOEVELEC

-Neonatal ichthyosis and sclerosing chollangitis (CLDN1-claudin 1)-
ichthyosis, hypotrichosis, alopecia and sclerosing cholangitis
-Owkoyevn¢ unopayvnotatpio-FHHNC (CLDN16) Yrmopayvnotlaiuia
uTtepaoBeotioupia kal veppoAlBilaon-UTOOWULK UTIOAELTTIOUEVN
voooG¢-Mewwpevn mapakuttdapla enavappodnon Mg kat Ca oto
TIaXU VLoV OKEAOC TNC alyKUANG tou Henle

-Owkoyevn¢ vnopayvnotatpio- FHHNC (CLDN19) Yropayvnolatuia
uTtepaoBeotioupia, vedpoAlBiaon kol odPBAAULKEC SlaTtapayEC-
OLUTOOWLKI) UTTOAELTTOUEV VOOOC

-Owkoyevn kwdpwon (CLDN14). AutoowLKA UTTOAELTTOUEVN VOOOG
-®uAoolvdeto ouvdpopo Nance-Horan. AvamtuéLlakee SLatapaxEg
KOLL GUYYEVNG Katappadktng (mpwteivn Nance-Horan cuvevtomiletot
ue ZO-1 otig anodpakTikEG LWVEC)



Tuvbéoslg mpdadeong-aykupoBoAiag (Anchoring junctions)

1. Zwvegnpdoduong (zonula adherens) (vapdria aktivng)
2. Aeopoowpata ( macula adherens) (evéiapeca vnuatia)

*JuvdEouv Ta KUTTOPA METOEL TOUC (TOV KUTTAPOOKEAETO TOU €VOC
KUTTAPOU HE TOV KUTTOPOOKEAETO ToUu aAAou). AwatApnon
OoKEpALATNTAG TOVU emiOnAiov

e Avtiotaon o0& MUNXOVIKEG Suvapelc (embepuida, OTOMATLIKOC
BAevvoyovog, gmONAlo  oloodayou, gmOnALo KOATIOU,
KoPSLOHUOKUTTOPA). INUAVTLKOG pOAOG otnv embepuida kal otnv
kopdLa ( Ttx ToOnoELG SECUOCWUATWY)

*INUATOSOTIKG pPOAO- KUTTOPLKA avayvwplon, HopdoyEveon,
TmoAAamAaoLaooc Kat dtadopomnoinon



Zwveg Npdoduong (Adherens Junctions)

NepBdaAAel o kUTTOPO cav {wvn. H andotacn petagy yELTOVIKWY
HEMBpavwyv 10-20 NnmM kot KataAapPdavetrar omoe popla
papdosLdn.

H popdoloyia diadépel avaloya HE TOV TUMO TWV KUTTAPWV
(actin-belt in epithelial cells, punctuate-Fascia adherens in
carciomyocytes-spotty AJ in fibroblasts)






i

actin fllament bundies

L |

(d)

Punctum adherens (PA)

e

(e)

Zonula adherens (ZA)

(f)

Tricellular AJ (Vertex)
Current Opinicn in Call Biology




Zwveg Npdoduong (Adherens Junctions)

Moplakn doun:

-Awapepppavikeg mpwrteiveg: KAAOOLKEG Katxepiveg (20 peEAn-E-

- katxepivn, N-katxepivn P-Katxepivn ka). Ta eéwkuttapla
TUAROTA Katxepwvwv (dpEpouv emavainPelc katxepivng n EC
domains- emavoAapBavouevec TEPLOXEC TOU OEOUEVOULV
aoBEotio) yettovikwy pepBpavwv aAAnAeritdpolv opodUALKA-
gCaptwpevn aAAnAenidpaon ano Ca2+. H E-katxepivn n kupla
KATXEPlvn Twv embnAlakwyv Kuttapwyv. VE-katxepivn ota
evboOnAlaka. N-katxepivn oe Oopéc avaloyeg Al ota
LECEYXUMOTLKA KUTTOPO

-Katevive¢. To KUTTOPOTIAQOMATIKO TUAMO TWV  KOTXEPLVWV
aAnAemibpad pe B-katevivn n y-katevivn (plackoglobin) ko
P120ctn. H B-katevivn aAAnAeTdpad e a-KaTeVivN

-KuttapookeAeto¢ aktivng. To CUMMAEYMA KATXEPLVNG-KATEVIVNG
OUVOEETAL UE VNUATLO AKTLVNG LEOW O-KATEVIVNG KOl TIPWTEWVWV
ntou aAAnAemidpouv pe tnv aktivn onwg EPLIN, vinculin
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Zwveg Npdoduong (Adherens Junctions)

"OLZwveg Npocdpuonc aAANAeNISPOUV Kall UE HIKPOGWANVIOKOUC.

H aAAnAenidpaon avt) nailelt onuovtiko poAo otnv dnuoupyia
kot Sratipnon twv {wvwv ntpocduong.

MOBavog ot Twveg mpooduong eAEyxouv  povomaATia
gvbéokuttapLoc petodopac






Zwveg Npdoduong (Adherens Junctions)

To ovpmAeypa nectin-afadin/AF6 ouvevtoniletal pe cUUMAEypQ
katxepivne-kartevivne otig {wveg mpooduong.

 H afadin/AF6 aAAnAermuidpd HE a-KOTEVIVN KOl KUTTAPOCKEAETO
oKtTivng.

 Nectins (4 péAn). MopLa MPookGAARCNG MOU AVIAKOUV OTNV
owkoyévela Twv popiwv Immunoglobulin-like pe duvatotnta
oo PUAKAC Kat EtepoPUAKAC aAAnAemntidpaonc.

* To oUpmAsypa nectin-afadin/AF6 nailel onpavtikdo poAo otnv
dnuovpyia twv wvwv npdoduong ota onpeia cuvéeong Twv
EMONALOKWV KUTTAPWV



plakpglabin

w-Catenin




FeveTikég vaool Kat {wveg mpooduong

P-katxepivn. MetaAldéelc tng mpokaAoUv SU0 QUTOCWULKA UTIOAEUTOMEVA
voohpata

1. Yrotpixwon kot veavikn ductpodia tng wxpdg knAidag (hypotrichosis with
juvenile macular dystrophy-HIMD syndrome; OMIM 601553). Apatd kovtd poAALd
Kol TtPOOdeUTIK €KPUALon Ttou oapdlBAnotpoeldbolc mou odnyel oe anmwAsla
opaong tnv 1-3" dekaetia {wng (Sprecher et al. 2001).

2. Ectodermal dysplasia, ectrodactyly, and macular dystrophy (EEM syndrome;
OMIM 225280). EmutAéov umoodovtia kot avwHoALeEG Twv akpwv (diknv daykavag
actakov) (Kjaer et al. 2005; Shimomura et al. 2008).



HIMD kauw EEM syndrome (Ectodermal dysplasia, ectrodactyly, and macular
dystrophy)

B P-cadherin E118G N3221

EEM syndrome ]". B20deiG
(hair, retina, HSFP)

_.r"‘r. \I
HJMD syndrome I{EE” k“ 5.3 2112dalG
h'EE+1&-.|!| YE15X
EBOLK
{hair, retina) me-[ s
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C HJMD and EEM syndromes
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FeveTikég vaool Kat {wveg mpooduong

-Tpomomnotnuéves {wveg mMPooduong Kol OTOUGC VEUPWVEC OTLC
Bcoelc Twv ouUVAYPEWV. ZNUOVTIKO pOAo otnv Onuloupyio —
TMAQOTIKOTNTA TWV OuvAPewv. AlOTAPAXEG TWV  KATXEPLVWV
aroteAovv rbava aitia dtatapaxwv vonuoouvne.

-AwopetaBeon t(11;16) mou adopa otnv M-cadherin (OMIM
114019) kot oto popo mpookoAAnong KIRREL3, Kin of irregular
chiasm-like 3 (member of the immunoglobulin superfamily; OMIM
607761) kat Slatapdooel TG €€APTWHEVEG amd thv M-Katxepivn
ouvdéoelc (o Loxupn €kdpacn oTouC MUC Kal TapeykedoAida)
urntevBuvn yla Bapla Stavontiki kaBuctépnon (Bhallaet al. 2008).
-Alatopaxeg  poplwv  TMPookOAAnong omwg neuroligins  kat
Neurexins £€xouv CUCXETIOTEL LLE AUTLONO



-MetaAAdgelg oto yovidio tng protocadherin 19 (mouv ekdpdletal
kate€oxnv oto N2I) mnpokalouvv €va ¢uloouvdeto oUvdpopo
eniAniag kot Swavontikng kabuotépnong ota ORAea (X
chromosome-linked epilepsy and mental retardation limited to
females (EFMR)

-MoAuvpopdiopot oto yovidio g protocadherin 12 é€xouv
tawwtonownOel oe acBeveic pe oxlloppévela kol avwUaAlec otnv
ovantuén tov N2

- MNoAupopdiopoi oto yovidio tng protocadherin 11 éxouv
ovoyxetioBei pe N.Alzheimer.



Zwvec mpooduong Kol onuatodotnon-poAog¢ otnv EUPPULKA
OLVATTUEN KOl 0TNV KAPKLVOYEVEDH
Cadherin Tyr

“ Receptor

)
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Patched oothenad

Plasma Membrane

Ty

‘ Actin dynamics
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E-katxepivn

-ZNUOVTIKA ywa TtV Snuiouvpyia kKot Siatipnon tng TOALKOTNTOC-
dawotumou twv eMONALAKWY KUTTAPWV

-AntwAewa tng E-katxepivne amod tig {wveg npoocduonG-anwAELd TWV
KUTTAPLKWV CUVOECEWV.

-ErOnAopeocesyyvpotikn Metapoon.

-EpBpuikn avantuén

-Kapkivo¢ (AUCHEVIC TPOYVWOTLKOC TtapAyovtag o€ TOAAOUC TUTTOUG
Kopkivou- MetaAAdagelc mnpodlaBétouv o€ ANoBLako KapKivwpa
paotov, FaoTPLKO KapKivwpa StaxUTtou TUMoU, KAPKIVWHA TTPOoTATNH



ErOnAopeocsyyvpotikn petapfoon (EMT)-onpavtikd poAo otnv epPpuLki
oVAmTUén Kol 6TOV KOPKivo
AUO TUTOL KUTTAPOU 010 EUPPUO eMIONALAKO Kol pecEyXUpaTIkO —EMT kot MET
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OPLOUOG LECEYXUMOTLKOU KUTTAPOU

a) front-end polarity

b) Elongate morphology
c) Filopodia

d) Invasive capacity

First international Conference on EMT (Australia,
2003)



EmiOnALako-MeoeyXUHATLKO KUTTAPO

EriOnALlako
KuBoeldeg, KUALVOPLKO, TAAKWOEC

Kopudaia-Baoiki mtoAkotnta
loxupn cuvoxn

Kuttapikeg cuvdeoelg ({wveg
POodUONG, OTEVEC CUVAELC,
deopoocwpata)

OxL KLVNTIKOTNTO LETAVAOTEVON,
dnBnon

E-cadherin, cytokeratins

MeoeyxupaTIKO

ATPOKTOMOPPO UE TTPOCEKPBOAES

NG uePBpavng (lamellipodia,
filopodia)

Ox1 ouvoxn

XOONATOOUVOEDEIG, OUVOETEIG ME
TNV ECWKUTTAPIA OUTia

Vimentin, N-cadherin, a-SMA,
MMPs, Snail Slug



Polarity Edge Asymmetry
Call Adhesion and PHYSICAL Cell Motility and
Coniact Inhibifion CHARACTERISTICS Invasivanass
Adberens (AJ], Tight (TJ),  INTERCELLULAR Focal Adhesions and
Cap |G) and Desmosomes{D) JUNCTIONS Transient Gap Jundions
E-Cadhern MOLECULAR N-cadherin, Vimentin,
Cytwkerating MARKERS SMA anc MMPs

Longitudinal Microtubules (MTs} CYTDSKELETAL Astral Microtubules (MT)
Circumnierential Actin ORGANIZATION Filapcdial Stress Fbers



-Polarized -Non Polarized |
-Spindle-shaped morphology

-Strong cell-cell contacts based on E-cadherin; -Low cell-cell interactions. Swith from E-cadherin |

High cohesion to N-cadherin; Low cohesion. |

|

*‘dispase-based dissociation” assay’ I

®‘dual pipette assay’

-Low cell-matrix interactions -High cell matrix interactions based on intergin |
(Integrin up-regulation) I

®‘adhesion assay’ |

-Low migration capacity -High migration capacity
®‘migration assay in 2D environment’
*‘wound healing assay’

s . . [ 3 1 1 ] 2 = s . .
-Low invasive capacity movement in _3D matrix system -High invasive capacity
®‘circular invasion assay’

-Anchorage dependence -Anchorage independence |

*‘soft agar colony formation assay’ |
®‘anoikis assay’ I

—————_—_———_J




Asv unapyxouv anoAuta e£10I1koi HoOpIaKOi OEIKTEG TOU
HECEYXUHATIKOU KuTTapou (nxX PipevTivn sk@paderal
Kdl o€ EMONAIaka kKUTTApa)

Ta nio onupavTikad XapakTnpioTika €ivalr n npooBionicia
NOAIKOTNTA KAl 1 IKAVOTNTA HETAVAOTEUONG-31RONONG

B — myosin endoplasm 1;"-- -~ E

e
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To HECOOEPHA OEV Eival TAUTOONHO HE TO HECEYXUHA

HECOOEpHa = HeEoAio BAAOTIKO dEpHa HETAEU
eEWOEPHATOC KAl EVOOSEPHATOG.

To apxiko HECOdEPHO anoTteA&iTail ano
HECEYXUMATIKG KUTTapa pMEow EMT ano
eniOnAlaka kuTtTapa enmpBAdoTng. QOTO0CO0 &V
OUVEXEIa NEPIEXEI TOOO enmiOnAilaka Kal
HECEYXUHATIKaG KUTTapa (OUveXEiCc OlIEpYaTieg
EMT ka1 MET). N o1 owMiTeEG €ivalr enONAIGKNAG
apxnc kai peow EMT Oivouv TO HECEYXUHATIKO
OKANpPOdeEpHa



Bottle cell

Epithelial cell

Carlson: Human Embryology and Devalopmental Biology, 4th Edition.
Copyright © 2009 by Mosby, an Imprint of Elsevier, Inc. All rights reserved.



Cent. Cells



EMT

H digpyacia HEowW TNG onoiag To eENIONAIAKO KUTTAPO
AMNoOKTA HECEYXUHATIKA XAPAKTNPIOTIKA Kal
IKAVOTNTA HETAVAOTEUONG

e XAvel TIG KUTTAPIKEC OUVOEDEIC (HEIMVETAI N
Ek@Ppaon TNG E-kaTtxXepivnc kai aAA®wv NpwWTEIVOV
TWV S1AKUTTAPIKWV CUVOETEWV)

e AvadiopyavmVEl TOV KUTTAPIKO TOU OKEAETO Kal
AnoOKTA IKAVOTNTA HETAVAOTEUCHC

e Aldond ouoTaTiKAd TNG EEWKUTTAPIAG oUoiag

:-(;u
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Differentiated = Mesenchymal
epithelial cells e migratary cells




Mesoderm Tfomation Meural-crest delamination

Embryonic development

Epithelial-mesenchymal transition

gl

Snall transfection  Tumour progression

Epithedial cells Invasive area In primary tumour

Break point of
basameant
membrarne

[ snai-negative cetis [T Snail-positive cells




— PDGF WNT Extracellular
G i MMP3 TGF'{” Signals
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E-KatXepivn Kol KapKivog

AnwAsia  €kppaong G E-katxepivng Aoyw  peTaAAAEEwv,
UTtepeOUALlwoNG umoKvNT K.ot OXETiletaL ME auénpévn LKavOTnTOL
d1Onong, mopouciot HETAOTACEWV KAl KOKA TPOyvwon o€ TOoAAoOUG

TUTOUC KaLpKivou

Kapkivog naxéog eviépou
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E-KatXepivn Kol KapKivog

AnwAewa ékppaong NG E-katxepivng xapoaktnpilel to inONTké AofLako
KapKivwpo tou paoctol (dtadopiki dtdyvwon ormd aAAoug LOTOAOYLKOUG
UTTOTUTIOU()

Mopoyevég E-katxepivn (+) NoBLako E-katxepivn (-)

- - - -._.:_—-— - -’."- ' : o = TEY = w._-.. 7 h -."‘- Tl i i "!,-:‘W
AT AT ;ﬁ,,ﬁf}mfgﬁ, opte ) ?3;; y RN et
: e E\?;i;‘:“ IR CFal *ﬂ_f‘;\-&-‘“ i . "Efﬁ b
A SRS TR A
e v, & \*\? \N'&;&hii{' i 1] it p ‘:‘

“ 'T.—ﬁ.ﬂ&-:x 3
b e



E-Katyepivn Kol yoloTPLKOC KapKivog StoxUtou TUTou




E-Katyepivn Kol yoloTPLKOC KapKivog StoxUtou tumou
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HDGC: germline CDH1
(E-cadherin) mutations

CDH1 (E-cadherin)
mutations oto 50%
aoBsvwv pe avEnuévn
enintwon  éudyutou
YOOTPLKOU  KapKivou
OTNV OLKOYEVELOL KoLl
OUYYEVH] HME SLaxuto
YOOTPLKO KOPKIVO OE€
nAwia <50 etwv



E-katyepivn ko epPfpuikn avamntuén

Cene Tissue /Time Cre® Phenotype Ref.
E-cadherin (CDH1) Maternal contribution to LP3-Cre Normal development via zygotic expression (Drve Vries et al, 2004)
oocyte
Zygote Lethal at E4; defects in trophectoderm (Larue et al. 1994;
Riethmacher et al. 1995)
Zygote (gene replacement, Lethal; insufficient to rescue trophectoderm (Kan et al. 2007)
N-cadherin into defects
E-cadherin locus)
Epidermis/E11.5 K14-Cre Hair follicle degenemation, progressive hyperplasia (Tinkle et al. 2004)
Epidermis/E11.5 K14-Cre Lethal at PO; failure of tight junctions formation  (Tunggal et al. 2005)
Epidermis/P15 Kmox20-Cre Loss of hair follicles; abnormal differentiation {Young et al. 2003)
Liver/E15 Alfp-Cre No phenotype {Battle et al. 2006)
Mammary gland MMTV-Cre Impaired differentiation and apoptosis of alveolar (Boussadia et al. 2002)

e

e

epithelial cells
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Table 1. Cadherin switching during normal development and tumorigenesis

Switch

Example

Reference

Cadherin switching during normal de velopment
From E-cadherin to N-cadherin

From N-cadherin to cadherin 6B

From N-cadherin and cadherin 6B to
cadherins 7

From a complex mixture of cadherins to
R-cadherin

From E- and P-cadherin to E-cadherin

Cadherin switching during tumorigenesis
From E-cadherin to N-cadherin

From E-cadherin to T-cadherin
From E-cadherin to P-cadherin

From E-cadherin to cadherin 11

From E- and P-cadherin to N-cadherin
From N-cadherin to E<cadherin

Primitive streak formation

Neural plate invagination

Generation of neural crest cells from neural
plate

When neural crest cells become migratory

Kidney morphogenesis

Epidermal stratification

Melanoma

TGFB-induced EMT in mammary epithelial
cells

Prostate cancer

Breast cancer

Pancreatic cancer

Hepatocellular carcinoma

Pancreatic cancer

Gastric cancer

Prostate cancer

Breast cancer

Oral squamous cell carcinoma

Owvarian cancer

(Nakagawa and Takeichi, 1995}
(Hatta and Takeichi, 1986)
(Nakagawa and Takeichi, 1995)

(Nakagawa and Takeichi, 1995)
(Dahl et al., 2002)

(Jensen et al., 1997)

(Lietal.,2001)
(Maeda et al., 2005; Miettinen et al., 1994; Piek et al., 1999)

(Gravdal et al., 2007; Jaggi et al., 2006; Tomita et al., 2000)
(Han et al., 1999; Hazan et al., 2000; Nieman et al., 1999)
(Hotz et al., 2007; Nakajima et al., 2004)

(Riou et al., 2006)

(Taniuchi et al., 2005)

(Shimoyama and Hirohashi, 1991)

(Bussemakers et al., 2000; Tomita et al., 2000)

(Pishvaian et al., 1999)

{(Chen et al., 2004; Islam et al., 1996; Pyo et al., 2007)
(Patel, I. et al., 2003; Wong et al., 1999)




Increased interactions
with endothelial cells
and mesenchymal cells

Stabilization of
FGFR at cell surface

Protection from
apoptosis

Competition for
p120 and endocytosis
of E-cadherin

cell motility |

E-cad herln %
Actin filaments

© ™

Increased steady-state
levels of active Rac and Cdc42

N-cadherin



Zwvec mpooduong Kat ocnpatodotnon

B-Kkatevivn

-Metaypadn yovidiwv Kat poAo¢ ot KEVIPOOoWHLOTAL

-MpodyelL tov MOAAQTAQCLACMUO KOl OVOOTEAAEL QMOMTWON KO
dtadoponoinon

-ZNUOVTIKO POAO OTnNV EUBPULKA avamtuén, avayEvvnon tTwv LoTwV
KOlL OTNV KO PKLVOYEVEDH

-AlTtApnon  XOPOKTINPLOTIKWY apXEyovwv Kuttapwv (stemness,
EUPBPULKA apxEyova KUTTOPA, OPXEYovVa KUTTAPOA OTLG KPUTTEC TOU
EVTEPOU OTO MaoTKO adéva, cancer stem cells), EMT, xpwpoowpiki
ootafela
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B-catenin

B-kartevivn kat epBpuiki avamntuén

Zygote

Primitive streak; presomitic
mesoderm /E7.5

CNS/EBS

CNS, neural crest
progenitors/E9

CNS/E9.5

T-Cre
{Brachyury-Cre)

Nes8-Cre

Wntl-Cre

Wntl-Cre

Fox(G1-Cre

Lethal at E8; failure of primitive streak formation (Haegel et al. 1995)

Mesoderm formation defects and abnormal
segmentation

Dorsal-ventral fate shift before neurogenesis

Loss of cerebellum, fatlure of craniofacial
development, cardiac outflow tract defects

Impaired migration of neural crest cells, loss of
melanocytes and dorsal root ganghia

Lack of the entire forebrain and anterior facial
structure

(Aulehla et al. 2008; Dunty
et al. 2008)

(Backman et al. 2005)

(Brault et al. 2001) (Kioussi
et al. 2002)

(Hari et al. 2002)

{Junghans et al. 2005)



CNS/E10 Brnd-Cre Premature cell cycle withdrawal of neural (Zechner et al. 2003)

progenitors
Apical ectodermal ridge /E10 Brnd-Cre Limb malformation (Soshnikova et al. 2003)
CNS/E105 D6-Cre Impaired radial migration, decreased proliferation (Machon et al. 2003)
Embryonic endoderm /E6.25 K19-Cre Failure of node formation & multiple hearts (Lickert et al. 2002)
Head and limb mesenchyme/ Prxl-Cre Limb truncation, overall failure to develop bone  (Hill et al. 2005; Hill et al.
E9 E10.5 2006)
Limb ectoderm/E9.5 Msx2-Cre Loss of apical ectodermal ridge (Barrow et al. 2003)
Epidermis/E11.5 K14-Cre Failure of follicle morphogenesis (Huelsken et al. 2001)
Vascular endothelium/ E8.5 Tie2-Cre Lethal E11.5-13; vascular fragility, impaired (Cattelino et al. 2003; Liebner
development of the heart septum; impaired etal. 2004)
endocardial cushion formation
Lung epithdium/E13.5 SP-C-Cre Impaired development of peripheral lung {Mucenski et al. 2003)
mesenchymal lineages/ Dermol-Cre Synovial joint fusions; abnormal differentiation of (Day et al. 2005)
E12.5-13.5 osteoblasts and chondrocytes; increased

chondrogenesis and ectopic cartilage formation
Impaired lung growth and loss of lung muscle (De Langhe et al, 2008; Yin

progenitors et al. 2008)
Kidney epithelium (Wolfhan Hoxb7-Cre Premature differentiation, kidney aplasia or (Bridgewater et al. 2008;
ducts) /E11.5 hypoplasia Marose et al. 2008)
Kidney (renal vesicle Six2-GFP-Cre Reduced nephron formation; reduced kidney size  (Park et al. 2007)
progenitor cells) /E12.5 and branching
Heart (myocardial Nkx2.5-Cre Lethal at E12.5, impaired cardiac development, {Kwon et al. 2007)
precursors) /E8.5 smaller right ventricles
Heart (myocardial Islet]l -Cre Lethal E13; dilated outflow tract; smaller right (Lin et al. 2007)
progenitors and early ventricles; pharyngeal arch defects
pharyngeal endoderm)/E8
Hear ( proepicardum )/ E9.5  GATAS-Cre Lethal around E15.5; impaired cardiac growth and (Zamora et al. 2007)
coronary artery formation
Heart (myocardial SM22-Cre Lethal E10.5-11.5; loss of right heart {Cohen et al. 2007)
precursors) /E9.5
Heart (second heart field MesP1-Cre Disrupted cardiac looping; shortened heart (Klaus et al. 2007)
cells) /E-8 -E9.5 outflow tract
Mef?c-Cre Heart outflow tract defects; right ventricle defects (Ai et al. 2007)
Pancreatic epithelium /E8.5 Pdxl-Cre Acute edematous pancreatitis (Dessimoz et al. 2005)

Comtirued



B-KaTEVIVN KOl KAPKLVOYEVEDH

MetaAAagelc otnv B-katevivn, APC
axin oényouv otnv dtatapoxn TNG
arnodopnong tng B-kotevivng,
CUCOCWPEUCH OTO KUTTAPOTIAQOHAL ,
£l0060 T™NC B-KaTEViVNG OTOV MUPAVA
Kol Evepyomnoinon yovidiwv otoywv
TtoU av€Avouv Tov MOAAATAQCLACHO ,
OLVOLOTEAAOUV AMOTTWON KTA

(a)
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CRC cases with
inactivating APC mutations
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B-kartevivn ko kapkivoyeveon-Kapkivog max€og eviépou

(90% omopadiIkwV KOPKIVWHATWY TAXEOG EVIEPOU)
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B-KaTEVIVN KOl KAPKLVOYEVEDH

FAP (mutations in APC)

(@ Elsevier Ltd. Kumar et al: Basic Pathology 7E www.studentconsult.com

Figure 15-35 Familial adenomatous polyposis. The surface is carpeted
by innumerable polypoid adenomas. (Courtesy of Dr. Tad Wieczorek,
Brigham and Women's Hospital, Boston.)



H B-katevivn kat to APC €xouv onpovtikd poAo oTa KEVIPOCWHLOTOL
KOL TNV MITWTIKA ATPOKTO KOl METAAAAEELC TOUC TIPOKAAOUV
Xpwpoowpkn actadeta (CIN) 1 Anderhub et al /Canc

distal appendages

subdistal appendages

PCM



Centriole . .
PCM Regulators of centrosome function
Mitotic exit and their role in cancer in vertebrates
Separase Overexpression causes aneuploid

,L tumours in mice [53]

‘ (?i:g:'c:zlgam it Mutations cause genomic instability and
9 increase incidence of epithelial tumours
in zebrafish [54]

Structural components Cyclin-E—cdk2 —| Constitutive cyclin-E expression acts
synergistically with p53 to accelerate

Ras-induced lung cancer [55]

l

Y
essential for duplication @
PCM Centrioles
Procentriole
assembly

Plk4/SAK— Haploinsufficiency and overexpression

NEDD! A0 cause liver and lung carcinomas in aged

ytubulin  CEP135

I
CEP192  Centrin : mics [BE]
SAS4 Y
d-tubulin : Plk — _
e-tubulin 1 Haploinsufficiency increases incidence
CP110 = of spontaneous tumours in mice [91]
@ Centriole
slongation Aurora-A= Haploinsufficiency increases incidence

of spontaneous tumours in mice [92]

Overrexpression induces mild dysplasia
in the pancreas of mice [85]

Centrosome
maturation

Nek2
Centrosome

separation ‘
]
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A. Cells with wild-type APC
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Asopoocwpata (Desmosoma, Macula adherens)

*Juvdéouv OXUPA Ta KUtTapa HMeTall TOUG. Alatipnon
OKEPALATNTAC LOTOU

e Avtiotaon O€ MNXOVIKEG SUVAMEL (sTudeppida, OTOMOATIKAC
BAevvoydvog, emiORAlo owooddyou, emBRAlo  KOAmov,
KapdlopvokutTapa)

*INMUAVTIKOG POAOC oTnVv erdepuida kot otnv Kapdid (nadnoelg
SeopHOCWHATWV)



Agcpocwpata (Desmosoma, Macula adherens)

-ALOPEBPAVIKEC SECUOCWATLIKEC KOTXEPILVEC
(Desmogleins 1-4, Desmocollins 1-3)

A L e -Mpwteivec tnc otkoyévelag Armadillo
| (Plackoglobin, Plackopilins)

-Mpwteivec tnc otkoyevelag Plakin
(Desmoplakin)
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1. Xwpog HeTaf TWV KUTTAPWV-
AlopeUBPOVIKEC TIPWTELVES —
OECLOOWHATIKEG KOTXEPLVEC
(Desmogleins 1-4, Desmocollins 1-
3)

2. AECLOOCWMOTIKA-
KUTTAPOTTAQGUOTIKY) TTAGKOL
npoodeong (Plackoglobin,
Plackopilins, Desmoplakin)

3. Evéldpeoa vnpatia (kepativn,
deopivn)
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intermediate
filaments

- EC domains of

~ desmosomal
cadherins

% A
plasma membrane

desmosomal plagque
Fig. 2 Ultrastructure of the desmosome. The electron micrograph of a
keratinocyte desmosome shows the desmosomal plaque with inserting
cytokeratin intermediate filaments as well as some fuzzy material with-
in the extracellular space likely reflecting the extracellular domains of

desmosomal cadherins



Asopoowpata Kat ocnpotodotnon

OL npwteiveg twv Oeopoocwpdatwv epdavifouv dwadopetikny Ekdpaon
efaptwpevn ano to €ido¢ tou LoTOU, TO OTAdLO TG SLadopomoinong K.a
Movootifo entOnAto Dsg2/Dsc2. Itnv embepuida dradopikn ékdppaon avaloya
HE otadlo diadopomnoinong Kot petafl twv otfadwv. H oxetkn avaloyia twv
MPWTEWVWYV TWV Seocpoowpatwy daivetat va mnailet onpavilikd poAo otov
TOAAQITAQLGLOLGHLO KoL TNV dladopormoinon Twv EMONALAKWY KUTTAPWV.

Dsg4 co 1B
- - | |
J -
& i GR < ¥
G D | | -
L E
r o
| 2
]
SP 4 =
|
ﬂ 1
o B (] O | =t
& BA < -
o ! x

Figure 2. lsoform-specific expression pattern of desmosomal cadherins in the epidermis. A schematic of
the epidermis (rightl demonstrates the basal (BA), spinous (SP), granular (GR), and comified (CO) layers.
Tightly controlled expression levels and localization of the Dsgs and Dscs (left) within the epidermal
layers establish a complex, isoform-specific pattemning of desmosomal cadherins that likely contributes to
tissue morphogenesis and differentiation. Mouse models (see Table 1) have been utilized to examine
cutaneous functions of desmosomal cadherins by targeted ablation or misexpression utilizing
epidermal-specific promoters (far right) that specify basal (e.g., keratin 14) or suprabasal (e.g., keratin 1,
involucrin} expression.



Asopoowpata Kat ocnpotodotnon

Plackoglobin. ®@aivetat va €xeL onpavtiko onpatodotiko poAo

-puBuilovtag tnv PB-katevivn (puBuilet TtV evéokuttApla EVIOMICN TNG,
avtaywviletaL tnv cuvdeon TG e petaypordkolg mapAyovTeG)

-avedptntaa ano PB-katevivn (ewoépxetal otov TmupnAva Kot dpa  wg
HETAYPAPLKOG TTOLPAYOVTOLG



TasLE 1: Shown are specific cell-cell adhering junctions containing transmembrane glycoproteins and cytoplasmic plaque proteins of
“classic” desmosomes and adherens junctions (AJs). Special types of adhering junctions containing desmosomal proteins in human tissues

and cell cultures.

Transmembrane Some representative
Type Cells ; : References
glycoproteins plaque proteins
Epithelial and
mesothelial cells and
carcinomas derived 2 Plakophilins-1-3 Franke et al. [10, 11]
ﬁi;ﬁi:jmhi?ens therefrom, 32222313811?1:5-11 j13 Plakoglobin Cowinetal. [12]
cardiomyocytes of Desmoplakin Mertens et al. [13]

immature hearts and
cardiac conductive cells

Area composita
(composite junction)

Cardiomyocytes and
Purkinje fiber cells

N-Cadherin
Cadherin-11
Desmoglein-2
Desmocollin-2

a- and S-Catenin
Proteins p120, p0071
and

ARVCF

Plakoglobin
Plakophilin-2
Desmoplakin
Afadin

Myozap

Franke et al. [14]
Pieperhoff and
Franke [15]
Goossens et al. [16]
Seeger et al. [17]

Complexus adhaerens

Certain endothelia
(spec. endothelial and
virgultar tissues of
lymph node sinus)

VE-Cadherin
N-Cadherin
Claudin-5
JAM-A

a- and -Catenin
Protein p120
Plakoglobin
Desmoplakin, Afadin

Schmelz and Franke
Himmerling et al.
[18]

Moll et al. [19]

Zona limitans externa

Neural retina

N-Cadherin

Neurojungin

a- and -Catenin
Plakoglobin
Plakophilin-2

Paffenholz et al. [20]

a- and -Catenin

g ] Astrocytes and N—Cadl}erm e 1.20 Boda-Heggemann
Colligatio permixta o e il Cadherin-11 Plakoglobin etal. [21]
Y VE-Cadherin Plakophilin-2 :
Afadin
a- and S-Catenin
Mesenchymally derived g;%t; lms R
Coniunctio adhaerens eellsibhgh SEEatilcxn Plakoglobin Hickolt et al. 2]

proliferative activity in
situ and in culture

Cadherin-11

Plakophilin-2
[Plakophilin-3]
Afadin

Barth et al. [23]




Fig. 3 Ultrastructure of the area composita of a myocardial interca-
lated disc. The electron micrograph shows an intercalated disc contain-
ing a gap junction (GJ) in its longitudinal section as well as an adhering
junction with an extensive electron-dense plague in the section perpen-
dicular to the cellular axis. Note that insertion of actin filaments, which
is typical for adherens junctions, is present in some parts of the junction
(asterisk) but not in others (hash key). Based on the recent finding that
all parts of these adhering junctions contain the same set of desmo-
somal components, they are now defined as area composita



NaBnosig AsCLOCWHATWV

* NaBnoelg Aépuoatog
AUTOAVOOCEC
*Pemphigus Vulgaris (evboemibeputdikeg puoaiideg mavw amod tn
Boaolkn otifada, mtpooBAAAEL BAEVVOYOVOUC-QLUTOOVTIOWHLOTO KOTA
Dsg3,)
*Pemphigus Foliaceus (povo 6€puatog-evooemidepULOLKEG
dUOOALSEC KATW ATTO TNV KEPATLVN OTIBASA-0LUTOAVTIOWHOTO KOTA
Dsgl
NOLUWOELG
«Staphylococcus Aureus (scalded skin syndrome/veoyvikni nepdiya
koL pemphigus impetigo)-exfoliative toxin A (mpwtedon oepivng)—
Dsgl
FEVETIKEC
*SPPK (Desmoplakin, Dsgl ).
* Yrotpixwon (autoowpkn untoAetnopevn-Dsg4)
Ectodermal dysplasia and skin fragility syndrome (Plakophillin 1)
Lethal acantholytic epidermolysis bulosa (Desmoplakin)



Pemphigus Vulgaris Pemphigus Foliaceus

Stanley JR et al,
N Engl J Med,
2006







Fig. 5 Immunostaining of Dsg | and Dsg 3 in human epidermis. Intact
human epidermis was immunostained using monoclonal antibodies
against Dsg | (a)and Dsg 3 (b). A merge of both panels is shown in c.
Dsg 1 is most abundant in the superficial epidermis but is also present
in the basal layer. Dsg 3 is expressed in the basal layer as well as
throughout the spinous layer indicating that in human epidermis the
expression patterns of these two proteins broadly overlap. Scale bar is
20 um



Clinical appearance and pathohistology of various human desmosomal disorders.

Joumal of

Cell Science

5. biokogists.ong

Kottke M D et al. J Cell Sci 2006;119:797-806
©2006 by The Company of Biologists Ltd



NaBnosig AsCLOCWHATWV

* NaBnosig Kapdiac/kapdlac —6£ppatoc
FEVETIKEC
ARVC (placophillin 2, Desmoplakin)
Naxos disease (PPK, wooly hair, ARVC) (Plackoglobin)
Carvajal Syndrome (PPK, wooly hair, dilated left ventricular
cardiomyopathy) (Desmoplakin)



NaBnosig AsCLOCWHATWV

Naxos disease oUTOOWHLK UTIOAEUMOMEV VOOOC Kopdlac-
Séppatog (PPK, wooly hair, ARVC) (petaAAaén oto yoviblo tng
Plackoglobin)

Carvajal syndrome (PPK, wooly hair, left ventricular involvement,
early morbidity and clinical overlapping with dilated
cardiomyopathy) (petaAAaén oto yovidio tng Desmoplakin)

Noooc tng Nagou: Ao tn yevvnon tpixec oav paAAl tpofatou Kat
KEPATOOEPUA TIOAQUWY  TIEAMATWY, META TNV  evnAlkiwon
appuBuoyevry kapdlopvomabsia ¢ Oefldc  Kolhlag TOU
xopaktnpiletal amd TNV OVILKATAOTAON TOou Huokapdiou armod
LVvOALmwoén LoTo



Naxos disease

wooly hair (tpixeg cov paAAL TPoBATOU) KOl KEPATOSEPLA TIAAO LWV
neApatwy ( PPK)

Protonotarios N et al. Cardiovascular Pathology (2004)



Posterior view of the head of a patient with Carvajal syndrome showing the characteristic
woolly hair.

Prompona M et al. Circulation 2007;116:e524-e530

. -
American Heart
Association

Copyright © American Heart Association Learn and Live



Plantar keratoderma in patient with Carvajal syndrome.

Prompona M et al. Circulation 2007;116:e524-e530

American Heart
Association

Copyright © American Heart Association Learn and Live



NaBnosig AsCLOCWHATWV

Naxos disease(ARVC phenotype) and Carvajal Syndrome (DCM
phenotyoe)

Table 2
Summary clinical data in patients with ARVC phenotype® versus
DCM phenotype

ARVC phenotype DCM phenotype

Patient no.J/gender

Age (year) al diagnosis
(range)

Electrocardiographic
abnormalities

Ventricular extrasystoles

Ventricular tachycardia

Right veniricular
involvement

Lefi ventricular
invalvement

Severe left ventricular
involvement

Age (year) at first
symptom {range)

Arthythmic events

Heart failure

Sudden death

Cardiac death

Age (year) at death
(range)

13M, 13F
36+ 17 (13-74)

24/26 (92%)
24/26 (92%)
926 (35%)
26/26 (100%)
1226 (46%)
526 (19%)

31+ 18 (12-68)
1726 (65%)
7126 (27%)

6/26 (23%)

826 (31%)
32+ 13 (17-53)

9M, 5F
15 +2 (7-34)

13/13 (100%)
B/E (100%%)

3a (50%)

Yes (unclear)
11/12 {92%)
B/12 (67%)

14 +3 (11-17)
Mot reported
8/14 (57%)
Unclear data

6/14 (43%)
14 +2 (12-17)

Abbreviations: ABRNVC, arthythmogenic right ventrcular cardiomyop-
athy; DCM, dilated cardiomyopathy; F, female; M, male.
* Greek patients (age = 13 years).

Protonotarios N et al. Cardiovascular Pathology (2004)



NaBnosig AsCLOCWHATWV
Naxos disease (PPK, wooly hair, ARVC) (Plackoglobin)

Bloyia puokapdiou-veKPOTOULKO UALKO

Avtikatdotoon Tou puokapdiou tng 6&€Lac kolhlag amo woAmwdn

LOTO)
Protonotarios N et al. Cardiovascular Pathology (2004)



AUTOSOMAL AUTOSOMAL
DOMIMANT RECESSIVE

Skin lity
—— ectodermal dysplasia
syndrome
right E rILlc.
ght ventricular
cardiomyopathy
Woolly hair, Woolly hair,
keratodema, keratoderma,
cardiomyopathy™——_ / -+~ cardiomyopathy
Lethal
Arrrf:tymmc:genic —— B o et
right ventricular I
cardinrwopaﬂy apiﬂams
Smaﬁf Max
ntar - os
ratoderma disease
Striate
ﬁ:a]mnplantar -—
eratoderma

Arrrf;?rﬂm?genlc
right ventricular *——

cardiomyopathy
Localized
/ hypatrichosis
T Recessive
moenilethrix
Hypotrichosis

simplex



Table 1. Mutations and target antigens in desmosomal diseases

Protein Perturbation Diseases
Dsgl

Haploinsufficiency SPPK

Autoantibodies Pemphigus foliaceus

Exfoliative toxin Staphylococeus scalded-skin syndrome
Dsg3 Autoantibodies Pemphigus vulgaris
Dsgd Hair follicle abnormalities, hair loss Autosomal recessive hypotrichosis
Plakoglobin C-terminal truncation Naxos disease (PPK, woolly hair. ARVC)

Plakophilin-1

Plakophilin-2
Desmoplakin

Compound heterozygous mutations (premature
stop codons and absence of protein)

Various heterozygous mutations and haploinsufficiency

Haploinsufficiency

Compound heterozygosity with missense (N-terminal)
and nonsense (C-terminal) mutations

N-terminal missense mutation

C-terminal missense

C-terminal truncation

Compound heterozygous mutations with C-terminal
truncation

Ectodermal dysplasia and skin fragility syndrome

ARVC

SPPK

Keratoderma, keratin retraction. skin fragility and
woolly hair/alopecia

Autosomal-dominant ARVC

Autosomal-dominant ARVC

Dilated left ventricular cardiomyopathy, SPPK,
woolly hair (Carvajal syndrome)

Lethal acantholytic epidermolysis bullosa

bbreviations: ARVC, arrhythmogenic right-ventricular cardiomyopathy: PPK, palmoplantar keratoderma; SPPK, striate palmoplantar keratoderma.




AEcOCWHATOA KAl KOPKIVOC

L N i ™

Actin microfilaments

Adherens
junction

DG Keratin |Fs

j

Figure | A model outlining how desmosomes could contribute to
tumounigenesis. Unbroken amows indicate that plakoglobin is released from
desmosomes as a result of etther loss or modulation of expression of
desmosomal cadherins or desmoplakin and displaces fi-catenin from
adherens junctions. The latter translocates to the nucleus, stimulates
transcription of fi-catenin-responsive genes and ultimately results in cell
proliferation. Broken armows indicate that plakoglobin liberated from
desmosomes translocates to the nucleus, stimulates transcription of genes,
such as cmyc or Bcl-2, and promotes uncontrolled cell growth. Further
possibilities (data not shown) are that loss of expression of plakoglobin
itself could predispose to cancer by reducing its ability to antagonise fi-
catenin-mediated Wnt signalling or that plakophilins are involved (see text).
Plakoglobin (yellow), p-catenin (blue), plakophilin (red). x-cat, a-catenin;
DP, desmoplakin; E-cad, E-cadhenn; IFs, intermediate filaments.
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JUVOECELG EMLKOWVWVIOG-XOOUATOOUVSETELG (gap junctions)

EmiBnAlaka kUttapa, Asiot Kol KOPSLAKA MULKA KUTTAPO, VEUPWVEG KA.
Emutpénovuv tnv  €AelBepn 61060 HETALU YEWTOVIKWY KUTTAPWV  LOVIWV
ONUATOSOTLKWV HOPLWV KOl ILKPWV HETOBOALTWV.
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TuvbE€oeLg eMKOWVWViaG-Xaopatoouvdéoelg (gap junctions)

Aewtoupyleg

*I[pryopn 61adoon Suvapkwyv evEpyeLag (VEUPWVEC, KAPSLOKA LULKA KUTTOPO)
eAlGyuon HMETABOAITWV KAl OPEMTIKWV OCUCTATIKWY OMWG VOUKAeoTidLaL Ko
YAukAIn (e€aptdtar ano tov tumo Twv kovesvwv ity 32 adevoaoivn, 43 ATP
eALayuon SeVTEpwV pnvupatwy onwg Ca2+, IP3, c-AMP, c-GMP

*PUOMLON AElTOUPYLWV OTIWG N ATOTMTTWOT, YovidLakn €kppoon, KUTTAPOOKEAETOG
Kat



2UVOEOCELG EMLKOLVWVILOLG-XOLOHATOOUVOEDELC

Ol XOLOHOTOGUVOEDELG aTtOoTEAOUV SLOUAOUG e HEYEDOGC MOPWV MOV EMLTPEMOUV
™ 6iodo popiwv peyeBoug péxpt 1000 Da. AmoteAouvtot armd Tov MOAUMEPLOUO
npwteivwv Connexins (20 dwadopetikd €idn) mou €xouv 4 SLopeUPPAVIKEG
neploxec. 'E€L kovefiveg ptiaxvouv éva kovegovio (Connexon). Ao kovegovia
oo TG MEUPPAVEG VO YELTOVIKWV KUTTAPWY SLaTAcGooVTOL KOTA TETOLO TPOMO
wote va dnpoupyouv éva diavlo. .
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extiaoethudar loops (€1 and E2)






2UVOEOCELG EMLKOLVWVILOLG-XOLOHATOOUVOEDELC

Ou kove§iveg aAAnAemibpolv pe Siadopeg mMpwreive¢ Onwe Kwvaoeg (Src), pe
MPWTEIVEC IOV aveupiokovtal o AAAoU TUTOV ouVOEoeLg Omws n ZO-1 kot pe
TOUG MKPOOWANViokouG. Ot aAAnAemidpAcelg avtég umodnAwvouv puBULON TNG
SLaIEPATOTNTAG TWV XOOUATOOUVOECWV Kol POAO TWV XOOUOTOCUVOEGEWY OTNV
PLUOMLION KUTTaPKWV AELTOUPYLWV OTwG N eniBiwon, n yovidiakn €kdppaon, n
SUVOLLLLKN) TOU KUTTOPOCGKEAETOU KA.



2UVOEOCELG EMLKOLVWVILOLG-XOLOHATOOUVOEDELC
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Table 1

Connexin-interacting profeins

Protein Methods aa connexin Partner References
Cx43
Z0-1 FWB®, Y2H, PD, IP", IF® 379-382 “lle PDZ2 [35.37,41,66,125]
v-Sre PD, IP, P 247, 265 Tyr kinase [56-59]
265 Tyrp SH2 [58.59]
274-283 PxxP SH3 [58.59]
e-Sre PD, IP, P 265 Tyr kinase [36,63,65,66]
265 Tyrp SH2 [36,63,65,66]
PKA® P 364, 365, 368, 369, 373 Ser kinase [75.76]
PKCs O o 368, 372 Ser kinase [71-74,126]
PKG P 257 (raf) Ser kinase [771
MAPK P 255, 279, 282 Ser kinase [127]
Cde2 P 255 Ser kinase [85.86]
CK1 PP 325, 328, 330 Ser kinase [87]
RPTPu P 265° Tyr-p phosphatase [70]
A-Catenin i [49]
a-Catenin EMP [47
Cadherin EM® [47]
pl20°® 1 [50]
NOV/CNN IF [108]
Caveolin PD, IP, IF*, CS [104]
co/B-Tubulin, MTs PD, IF°, EM", CS* 234-262 K,GVRP [41.97]
unknown 282-289 xPPxYxxO [128]
Cx32
Calmodulin IF [106]
Occludin EM®, IP® [53.54]
Claudin EM", IP® [54]
Cx49
€K1 B IP kinase [88,89]
Cx30
CK2 P 363 Ser kinase [90]
Caveolin associated connexing
Cx43, 32, 36, 46 s [104]
Z0-1 interacting connexins
Cx43 FWB®, Y2H, PD, IP", IF® C-terminal ~lle PDZ2 [35,37,41,66,125]
Cx45 Y2H, [P, IF C-terminal ~lle PDZ2 [38.39]
Cxdh PD, IP, IF C-terminal —lle PDZ2 [129]
Cx50 PD C-terminal —Val PDZ2 [129]
Cx319 PD C-terminal —lle PDZ2 [130]
Cx36 PD, IP, IF, EM C-terminal —Val PDZ1 [40]

Direct associations with Z0-1 and Src are well-established. Cx43 is a substrate of several other kinases, but direct interaction with most kinases has not been
found. Other interactions do warrant follow-up studies since they only just emerged, are less well documented, might be indirect or are found in overexpression
systems. See text for further nuances. Abbreviations: aa: amino acids, FWB: far Western blot, Y2H: yeast two-hybrid, PD: GST protein pull-down, IP:
immunoprecipitation, 1F: immunofluorescence, EM: (immuno)-electron-microscopy, P: phosphorylation state, CS: in vitro co-sedimentation assay.

* Showing direct interaction.

" Includes experiments with endogenous proteins only, without inhibitors.

* Putative.
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Figure 1. lllustration of disease phenotypes associated with abnormal gap junctions owing to inherited mutations in connexins. Most connexin disorders are
autosomal dominant, although mutations in connexins 26, 31, and 43 can be associated with autosomal-recessive forms of deafness. In addition, recessive
mutations in connexin 31 may underlie rare, recessive cases of EKV, and inheritance of connexin 32 mutations in Charcot-Marie-Tooth disease is X-linked.



Occulodentodigital dysplasia (autosomal dominant-Cx43 mutations)
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Connexins kot KapdLakeC MaOnoeLg

-Napd to ot n Cx43 ekppaletol o OAO TO LUOKAPSLO Kol
glval o KUpLO¢ TUMOC KOovVvEeEivne NG Kopdild HeTAAAAEELS
tov yovibiou GJAl tng¢ Cx43 8ev mpokaAoUv MaORoeLg
NG KOPOLAG

-MetaAAagelc GJAS tng Cx40 mou ekdppaletol Kupiwg
OTO HUOKAPSLO TWV KOATIWV ItpokKaAoUV téLomadn KOATIKNA

HOpuapUYA



Connexins ko KapdLakeC MaOnoeLg

H Cx 37 daivetal va £XEL MPOCTATEVTIKO POAO £vavil TG aAONPWUATWONG.
MNoAupopdlopdg oe éva voukAeotidio tou yovidiov GJA4 (C1019T) wng Cx 37
NPoSLaOETEL 0 aBnpwHATWON Ko Epdpaypo Tou puokapdiou.

Table 2: Overview of studies on possible associations between the GJA4 SNP and diseases involving, at least to some extent, atherosclerosis.

'Disease / surrogate marker Association / Population Study size Ref
prognostic factor
Carotid IMT C allele Swedish males 1155 subjects [62]
CAD T allele Taiwanese males / females 177 patients, 102 controls [72]
I Ml T allele [ Japanese males / females .2819 patients, 2242 controls [71]
I CAD T allele [ Japanese males / females . 3085 patients, 2122 controls [70]
I CAD T allele -Japanese males / females . 1011 patients, 650 controls [94]
AMI T allele Sicilian males 97 patients, 196 controls [68]
CAD/MI C allele Swiss males / females 597 patients, 184 controls [78]
CAD No association / Irish males / females 416 patients, 490 sibling controls [74]
prognostic factor
Carotid IMT, carotid artery compliance, Mo association / Finnish males / females 1440 individuals [73]
brachial artery FMD prognostic factor
CAD C allele Northern Han Chinese males / 502 patients, 410 controls [65]
females
MI T allele Sicilian males 97 patients, 196 controls [67]
Acute coronary syndrome (ACS) T allele American males / females 695 ACS patients [77]
Ankle brachial blood pressure index T allele Japanese males / females 2288 type 2 diabetics [79]
ACS No association / | czech males / females | 1686 ACS patients [75]
prognostic facter
Ankle brachial blood pressure index T allele Czech females 178 type 1 diabetics, 111 type 2 diabetics, 862 [69]
controls
' Carotid IMT, ischemic stroke T allele | Taiwanese males / females | 2330 subjects [66]
I Ischemic stroke Mo association / lTaiwanese males / females . 958 patients, 2196 controls [78]
prognostic facter
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Table 1: Expression of connexons during atherosclerotic plague development. ND: not determined.
Healthy vessel Early atheroma Advanced atheroma
| Endothelial cells Cx37, Cx40 l Cx37, Cx40 Cx43 (only in shoulder region).
Monocytes / macrophages Cxar Cxar Cx37, Cx43 (in cells close to lipid core)
| Smooth muscle cells (intima) - Cx43 Cx43
I Smooth muscle cells (media) Cx43 Cx43 Cx37, Cx43
Platelets Cx37 ND ND

r" Cxd7
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Figure 2

Connexins are differentially expressed during atherosclerofic
plague development. In the healthy vessel wall (left), Cx37 is
expressed by ECs and monocytes. In contrast, at the site of an
atherosclerotic plague (right), Cx37 is expressed by SMCs and
macrophages and is no longer expressed by the endothelium
overlaying the lesion.



Connexins ko puelivn

-H Cx32 ekdpaletar ota Schwann kuttapa kot n Cx47
ota oAwyodevdpoylowakd kuUttapa. MetaAAdagelc Tou
yovidiov GJB1 tn¢ Cx32 mpokaAoUv Charcot-Marie-Tooth
X-linked (CMTX) evw petaAAdéelg tou yovidiou
GJA12/GJC2 (Cx46.6/Cx47) NPOKOAOUV pLa
arnopueAivwtiki tabnon tov KNI Pelizaeus-Merzbacher-
like disease (vuotayuo, ataéia, onaotikotnta, SucapOpia
Kot Stavontikn kaBuotépnon)



Connexins kat ¢akog tou opOaApov

— Cx43

Cx50

Cx46




Connexins Ko KatopeAKTNG

-0 ¢dakog tou 0PpOaApol eivar AVAYYELOC LOTOC Ko
g€optatol arno TNV AsLtovpyia TwWV XAHATOOUVOECEWVY YL
Vv dtaxvon petafoAtwv

H Cx46 kat Cx50 mpokaAoUv Ouyyevh) KATAPPAKTN TTOU
XapaKTnNPiletol and OTIKTEC BOAEPOTNTEC-EYKAELOTO OTLG
NeTaALWONG SOMEC YUpW amo Tov EUBPULKO TupRva



Connexins ko StatapaxEG aKonG Kot SEPHATOC

Cx 26, Cx30, Cx30.3 and Cx31. Evtonilovtal otov KoXAia
kot mai{ouv poOAo otnv MeTakivnon KaAiov otnv
evboAEndo

MetaAAaelg Twv yovidiwv toug mpokaAouv kwdwon HE
XWPLC UMEPTIAQOTIKEG TTAONOELG TOU SEPHATOC

H pn cuvépopikn kwpwon kAnpovopeital cuvnOwg (80%)
ME OQUTOOWMLKO UTIOAELMIOMEVO TPOMO. ZUXVOTEPEC Ol
petaAAaéels otnv Cx 26

H ocuvépopikn kKwdwon ocuvdualopevn HE SLotopaxEC
OEPMATOC KANPOVOMELTAL ME OQUTOCWHMLKO EMKpatoUvIa
TPOTO

My Cx 26 keratitis ichthyosis deafness syndrome (PPK, nail
and hair dystrophy, deafness, keratitis and increased SCC)



Table 1 Connexin-associated diseases and corresponding
connexin proteins and genes

Inheritance Connexin
Disease pattern Protein Gene
Oculodendrodigital AD (AR) Cx43 GJAT
dysplasia
Cardiovascular diseases
Atrial fibrillation AD/ND Cx40 GJAS
Visceroatrial ND Cx43 GJA1
heterotaxia
Cataract AD Cx46 GJA3
Cx50 GJAS
Myelin-related diseases
X-linked Charcot- XR Cx32 GJB1
Marie-Tooth disease
{(CMTX)
Pelizaeus-Merzbacher- AR Cx466/ GJA12/
like disease Cx47 GJC2Z
Hearing loss AR/AD Cx26 GJB2
{non-syndromic or Cx30 GJBB
associated with skin Cx31 GJB3
disorders)
Skin diseases AD
Keratitis ichthyosis Cx26 GJB2
deafness syndrome Cx30 GJBB
Vohwinkel syndrome Cx26 GJB2
Clouston syndrome Cx30 GJB6
Erythrokeratodermia Cx30-3 GJB4

variabilis Cx31 G.JB3



Baown HEUBpAvVIKA MEPLOXN

-Baolkog vpéEvac-Baolkn pepBpavn

-2UVOEoELC KUTTApPOU-s€wKuTTAPLOC ouoiag (eoTlaKEC POoPUOELC
KoL NUdecpocwpaTa)

-AvadumAWOoELG TNG HEUBPAVNG TNG BAOLKNAG TTEPLOXNG TOU
KUTTAPOU-



