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Amo TV emimovn £peuvaA OV, LE TIG TOAAES GKOTEWVEG OTPATOVG TNG, YVOPILm
1660 dVoKoAO gival va yivel £éva coTd Pripa, 6T Kol TOAD HKpd, 6TO OPOLO

OV 00N YEL TNV KOTAVONGT] TOL Tl EIVOL TPOYUOTIKA GNULOVTIKO.

“Albert Einstein”
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EIITAMEAHYX EEETAXTIKH EIIITPOITH

Mritowog Havaywotyg (EmPrénov Kadnynmg)

Katnynme WYopurpung tov Touéa Poyatpikng xor  Emotnuov
Svumepipopds  tov  Tunuatog latpikng  (lotpwkny  ZyoAn)  tov
[Tavemotnpiov Kprng.

INoxovpdxn I'. Xtéhda

Eniovpn Koabnynrpuo Kiwiwkng Nevpoyvyoroyiag tov Turuatog
Poyoroyiag g XZxoArg Kowovikov, Owovopukov kot Tloltikov
Emotmpav tov [Havemotpiov Kpnng.

Xatln B. Anda

Enikovpn Koadnyntpio Emonuoroyioc - Awrpoerg tov  Touéa
Kowovikng latpikng tov Tunpotog latpwng (latpikrp Lyoln) tov
[Havemotpiov Kpng.

Kopayoyimog Adpva

Katnyntpia Mopokng Broloyiog - Avamtuéiokng NevpoBroloyiog tov
Topéa Boaowov latpikov Emomuov tov Tunuotog latpikng (Iatpwn
>xoAn) tov [avemotnuiov Kpnng.

Yipog Mavayiotng

Kadnynmec E&ehyktikng Nevpoyvyoroyiag tov Topéa Poylatpikng ko
Emomuaov Xoumepipopdc tov Tunuatog latpikne (Iatpikn XyxoAn) tov
[Tavemotnuiov Kprng.

T'ovmérlpog IN'ewpyrog

Avomdinpotmg Kabnyntg I'evetikng (Mopuakr| T'evetikn tov AvOpdmov
pe éupoaon omv IoBoroyio) tov Topéa IMaBoroylag tov Tunpotog
latpwcng (Iatpkn Zyoin) tov [Havemotpiov Kpnng.

AaréQrog Imavvng
Avominpotmg Kadnynme ®@vcioroyiog tov Topéa Bacwov latpuomv
Emomuov tov Tuquatog latpikng (Iatpwkn ZxoAn) tov Iavemotuiov

Kpnme.
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TPIMEAHX XYMBOYAEYTIKH EIIITPOITH

Mritciog [Havayiwng (Emprenov Kabnyntc)
[Nokovpakn I'. tédka (ITpodtn XvvemPrénovca)

Xatin B. Anda (Agdtepn ZuvemPrémovoa)

BaOpog ASrohAoynong

ne opoeovn andeacn g Entaperovg Egtaotikng Emttponig

APIXTA
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EYXAPIXTIEX

O gpeuvnTiKOG 0TdY0C, 0 0moiog EAafe VITOGTACT HEGH A TIG TEPOUOTIKES
peréteg ™G AOKTOPIKNG LoV AlaTpiPnc, amoTeAEl GUVEYELD TNG TAPAOOCNG CE
EPEVVEG ETAV TOL EPYOOTNPIOV TEPOUATIKNG Yuyomaboloyiog kot I'evetikng
Yoyuorpung g latpikng XxoAng tov [Havemotnpiov Kpnng pe emikepaing tov
Kobnynm Yoyprpikng ko Emipiémovia otn Awdaktopikn pov Awtpifn, K.
[Tavayiowtn Mmitcro. Mg v cuyypagn Tov TopOVIog eyyePpldiov, 10 omoio
emoteyalel v gpevvnTikny mopela entd etov, Oa MBeha mpoticTOg Vo
evyaprotom Bepud tov Kadnynt Yoyrorpume, Emikepaing tov gpyaotnpiov
[Mewpapatikng Poyonaboroyiag g latpung Zyoing tov [Havemompiov Kpnng
kol EmPAaénovra Kabnynt pov k. Mritoio Ilavayiwotn, o onoiog pe tipnce pe
TNV EMAOYT] TOL VO OTOTEAEG® UELOC TN EPELVNTIKNG TOV OUAAOC, WG Y TOYN QLo
Awdxtop, Kol vrooTHPEe evepyd kor  pe  apeiwto  evolapépov  KAOe
TpOToPovAia, 0AAG Kol KAOE Prina TPoOdoL KATA TNV EKTOVNON NG OaTping

pov, ¢ TNV NUEPA VTOGTNPLENG TNG.

Oo MOera, emiong, vo eKEPAcC® TIC ELYOPLOTIEC HOVL KOL GULVAUO TNV
avayvopior pov oty K. Nokovpdkn XtéAla, Erikovpn Kadnyntpio Kiwviknig
Nevpoyvyoroyiog tov Tunuoatog Yuvyoroyiog tov IMavemiotuiov Kpnmg ko
YvvemPrénovco ek tov Tpuwv Melov g ZvuPovievtikig Emitpomng g
Awoaxtopikne Awtpifrig Hov, Yoo TNV €VEPYN Kol GOKVY| TAPOVGio. TNG OTO
gpyaompo Ilepapatikng YPoyomaboroyioag g latpwng Zyolng Tov
[MTavemomuiov Kpntng, tov omoiov oamotedel Oepehmt) ko mOAGVO

VIOGTHPIENG KAOE epevvnTIKNG TpooTdOetlag.



Evyapiotiec, axkolovbme, Oa n0era va anoddcom otov k. [Tavayidtn Povsoo,
Assistant Professor in Psychiatry - Genetics and Genomic Sciences at the Mount
Sinai Hospital in New York kot ITpokdtoyo pov Addktopa tov Topéa evetikng
Yoyurpung g latpukng yxoAng tov Havemommpiov Kpnng, yio v appovikn
ouvepyacio Tov KoAAEPYNONKE avTA To YPOVICL KOL OTMOCONTOTE YO, TOV
oefacpd kot TV evioyvon Tov 6€ TPOTACELS, Ol 0moieg TEOMKAY €k HEPOVS OV

Y10l GUYKEKPIUEVEC YEVETIKES TEPAUATIKES LEAETEC,

Me aitepn, emiong, ektipnom, Oa NOeia va gvyopiomom tov K. Aaréllo
[odvvn, Avaminpot) Kabnynt Ovcwlroyiag g latpiknig ZyoAng tov
[Movemomuiov Kprmg kot KaOnynm pov katd tig Metomtoylokéc pHov
YToVdEC, 0 0TO10G e EMKPIVES KO OUEPIOTO TAVTA EVOLUPEPOV TPOGEPEPE TIG

YVOGES TOL OA0 OoVTA To Ypdvia kol NTov otabepd Swwbéoiuoc vy kabe

TOPOYOYIKN cvlNTNo.

Oepud evyoploTO, EMITPOCHETOC, TO cLVOAD TV ueEA®V TG Emtapelovc
Eéetaotikng Emuponng k.x. Kapayoyéwg Aduva, Kabnynrpio Moprokmg
Bioloylag - Avomtvéiokng NevpoPioroyiog, Zipo Ilavayiwtn, Koabnynm
E&ehyktikng Nevpoyvyoroyiag, T'oviérpo I'edpylo, Avaminpot| Kabnynm
I'evetikng (Topéag ITaboroyiag) xor Xoatl B. Anda, Emikovpn Koabnynrpua
Emdnuoioyioag — Awtpo@nc mov d€ytnKav vo polpactovv pali pHov kot vo

aE10A0YNGOLV TIG LEAETES LLOV.

Agv Ba pmopovca vo Topaleiym vo evyaploTHom Tovg K.K. Zaffakn EAévn,
Katnyntpia dvcroroyiog, Mooyofdakn Avtovn, Kabnynt| Ovcioroyiag,
Xpiotako Kovotavtivo, Kabnynt| Ovcworoyiag, Nikorakdkn I[edpyro,

Avaminpot Koabnynm Kowovikng AvOpomoroyiag, I'pafdvn Ayiliéa,



Kabnynm @apupokoroyioc, Atwamakn Ieopyo, Avominpoty Kabnynm
®doappakoroyiag, Mapywwpn Avdpéa, Opotwo Kabnynt latpikng Zyxoing
[Tavemotuiov Kpntne, Kovyovpovtlakn Imdvvn, Kabnynm Avamto&iokng
Yoyoroyiog ot  Emommupoioyiag g Wuyxoroyiag, Beviépn Mapia,
Avaminpotpro Kadnynrpio dvocogioc kot Baciin Pdo, Erxikovpo Kabnynm
dvocroroyiog, ot omoiot amotelovv @mTevd mapoadetypato Kabnyntov kot
Emompuévov mov cuvodevouy e TNV avayvapior] Kot TV ELTIGTOCUVT TOVG TV
OKOOMUOKY LoV Topeiot amd TNV mEPiodo TV METOTTUYIOKOV LoV ZTOVODV,

OTOTEADVTOG TO EPAATPLO OANG AVTN TNG O1OPOUNS 6TO TTEdIO TNG EPELVAG.

Opcihw, emiong, éva peydlo evyoplot® otov K. Bakn Avtovio, Emikovpo
Kabnynm Nevpoyepovpyikng, o omoiog ovotnoe Kot otnpiEe pe v
EUMIGTOGVVI TOL TNV TPOG U avabeon g Tapovoos Adaktopikng AtaTpiBrs.

Q¢ xotakAéwa, Oa H0ela, OTOGONTOTE, VA ELYOPLIGTIC® TOV GLVOOEAPO LLOV
K. Mavoln Iloaomapdkn, pe TOV 0moio HOIPACTAKOUE KOWVOUS EPEVVITIKOVG
oTOYOVG KOl YOVIHOLG TPOPANUATIGHOVS, HECEH OLGLUCTIKOV GLINTHCEMV
aEOAOYNONG, EKTIUNONG KOl PEAMOTIKNG TPOGEYYIONG KADE EMTEVYUATOC TOV

Ba amotedovoe Oepédo Abo mpog TV mTpoodo.

HPAKAEIO KPHTHX

27-01-2017
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2YNTOMO BIOI'PA®IKO XHMEIQMA

27 IANOYAPIOY 2017
Ovopa: Epaocpia
Endvopo: KoiMapn
‘Ovopa matpoc: HAlog
Ovopa pnTpdc: Abnva
Tomog yévvnong: Anva
Yankootnro.: EAAnvucm

H erionun évapén exméovnong e Adoktoptkng pov Awatpirg Erafe ydpa
ot1g 3 ®ePpovapiov tov 2010 otov Topéa I'evetikng Puyrotpung e latpukng
Yxoanc tov Iavemotnuiov Kpnne pe Emprénovia tov Kabnynt Poylatpikng
Kol emkepaing tov gpyaoctnpiov Iepapatikng Yoyonaboroyiog kar ['evetikng
Yoyurpung e latpikng XxoAng tov Iavemomuiov Kprime k. Tlavayuot

Mmritclo. H vroot)pitn tg Awdoktopikng pov Awtpifrg mpaypoatoromOnke

o115 27 Tavovapiov tov 2017 ko a&oroynOnke pe APIETA opdpmva and v
Entaped) Eetaoctun Emupony). Tov Ampido tov 2011 pov amoveundnke

Ynotpoeia Apwoteiog Yroyneiov Awaxktépwv tov Kinpodotpatog «Mapio

MuyomA Mavacdakn» g latpikng Zyoing tov Iavemommuiov Kprmnge.

Tov Arpikio tov 2009 anéktnoa 10 Metantvuylokd Aimdopa Eidikevong otig

Nevpoemotueg tov  Atamavemotnuiokov  Metantuyokod [Ipoypaupatog
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Ymovdmv «Eyképarog kot Novgy ¢ latpung Zyoing tov Ilavemiotnuiov
Kpntg kat tov IMavemompiov Adnvav ue APIETA (ue yeviké Boabuo 8.99).
AtevBuvtég Zmovdmv katd T £T1 Poitnong Hov 610 MetamTuylokd dlateloVSAY
ot Kabnyntég dvcroroyiag g latpikng Zyoing tov [Havemotpuiov Kpnng «.
Yappaxkn EAévn  (mpdtn mepiodog omovddv) kot K. Mooyofdkng Avtmvng
(0evtepM mePindog omovdmv). To 2008, katd 10 deVTEPO £TOC GTOVIMY LOV GTO

Metantoyokd éhafo Metamtvylokn Ymotpoeia Apioteiog amd v latpkn

Yyoa tov IMavemompiov Kpntg (E.A.K.E.), coupetéyoviag oto gpguvntiko
npoypoppe  pe KA. 1744 xor emotmuovikn vrebovn v Kadnyntplo
dvororoyiog g latpwkng XZyoing tov IMavemotnuiov Kpnmg k. Zaffaxn
EAév.

To defpovdplo tov 2006 £haPa to Iltvyio pov amd to Tunuo Yvyoroyiog

e Prhoco@ikne Xyoinc tov Efvikov kou Komodiwotpiakov IlavemioTnuiov

Anvaov pe APIETA (yevikd Pabud 8,80) kar Béon telMkng katdtaéng mpaT.

Nuepo cuveyilm TIC GTOVOEC LOL POLTMVTOS MG TPOTTLYLNKT QOITHTPLN GTNV

latpikn) XyoAn) tov EKITA, katomv €60ymyng Hov HECH TOV LYNAOTOTOV

Babpod dvokoriog ko amortioewv [HaveAlnviov Koatataktpiov EEetdcemy.

EINIXTHMONIKO EPT'O

[TeprhapPaver 10et Epgovnriky eumepia, Awré€erg wor  [Mpopopikég

Avaxowvnoelg e Emotnuovikd Xvvédpra, Ilpotdotuneg Anpooiedselg o€ £ykvpa

Hevoyhowooo kot EAAnvikd Emompovikd Ilepiodikd petd omnd  xpion,

Avapmuéveg  Avaxowmoel oe  Emommuovikd Xuvédpila, Awokpicelg kot

Xiv



Ymrotpooieg, Hapovoidoeig/Awvaktikny Eumrepio oto Ilovemotmuio kot oto

‘Idpopa Teyvoroyiag kot 'Epevvag (ITE, Hpdxieio Kpnng).

EINIZTHMONIKEY & EITAITEAMATIKEY ETAIPEIEX-YYAAOT'OI

dePpovdprog 2011: Méhog g EAMvikne Etanpeioc Nevpoemomuaov (EEN:
AM 500).

defpovaplog 2011: Méhoc tov International Brain Research Organization
(IBRO).

defpovdprog 2011: Méhog g Federation of European Neuroscience Societies
(FENS).

Maptiog 2007: Méroc tov ZvAAOYOL METATTUYIOKAOV (POITNTAOV TNG ZYOANG
Emomuov  Yyeiag tov Tunuatoc latpikng tov Ilavemotnuiov Kprng
(EMOEY).

OxktoPprog 2006 : Méroc tov [Taverinviov Puyoroyikod ZvAloyov.

EENEY 'AQYYEY:

[ToAb kaAn yvoon g AyyAukng, Noddkng ko [taAikms.
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IHPOAOI'OX

‘Evav andva wepimov mprv, elyope dSnpocto AovAa yio acBeveic pe pupatioon,
Aémpa Ko yoyweeg manoeic. EE’ avtdv onuepa Lovo 1 yoykn vocsog, Kot 1dimg
N oylloppévela TOPUUEVEL AUETAPANTN GTN CLYVOTNTO KOl TV TPOKAAOVUEVN
avornpio. Ot yoyikég Tabnoelg, n eupatioon Kot 1 emAnyio cuvodsvovIay ard
KOW®VIKO oTtypatiopd kot o aicOnua g viponng. Qo1d60, pe TV Tpdodo TV
wTpkoV Bepameidv, n eupatioon kot 1 emAnyio &ovv arootiypoticdel otig

HEPES pag, pe e€aipeon v Wyoykn voco Kot 1dimg tn oyloppéveta.

Opoiwg, Aouddn voonuata, Om®G T0 OULVOPOUO TNG  EMIKTNTNG
avocoaverapkeg, kKowmg og AIDS, mov polg 30 ypovia mpv Omolog
dwyryvookero pe AIDS katapetpodoe Alyovg punveg Cong, avtiBétog onuepa
AIDS ota 20 onuaiver mpocsddkipo emPioong yu oekoetieg. Katda tov 1610
TpOTo, GoPopd Kapdlayyelokd VOGLOTO, OTTMC 1) OTEPAVINi0 VOGO, 1 0TToio GTO
napeABov elye vynAd mocootd BvnoluodTNTAG, CNUEPA TPOAUUPAVETOL UE TIG
otativec. Xtov avtimoda, Oo pmopovcoaue vo woOpe TG PpiokeTon 1
oylloppévela, kabag, axopa, povo 1o 14% twv acbevov odnyodvtal ce TANPN

avVAPP®OT 0T TEVTE YPOVIL. LETA aTd £V YOY®TIKO ETEIGOO10.

I'vopilovpe 6t | vocog g oyloppévelag givarl katd 80% kAnpovopnoiun
Ko OTL KOOl KOl GTLAVIOL YEVETIKOT TOAVHOPPIoHOTL aVEAVOLY TOV Kivauvo Yia T
v660. Ot mePIocOTEPOL OO TOVG YEVETIKOVS TOAVLOPPIGUOVS EUTAEKOVTOL OTN
VELPOAVATTUEN, TN HLEAIV®OT|, TN CLUVOTTIKY AELTOVPYIN KoL TN UETASOCT TOV
onuotog. Avtilappovopocte, emiong 6tt o Pabuog Kvdvvov mowkiAAel oTOV

KaBéva poc. Yrmapyet omAadn, pa Kotnyopio avOpdrov pe ELAYIGTO YEVETIKO
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QopTio, pa 0ehTEPN HE UEYAADTEPO, EVOD GE Wl TPITN Katnyopia 1 emPdpuven
elval onuavtiky. X mwePimTOon ovth, eve To. dTopa 0gv gppavilouy KAVIKE
onueia £x0VV HETPNOIUES ATOKAIVOVGES GUUTEPIPOPES, OAANL GYETIKA OTTOOEKTEC.
Yrapyel, ®0T0G0, Kot (o TETOPTN KATNYOoPio ATOU®Y HE TOAD HEYAAO YEVETIKO
@opTio Kol GOl OVIKOLV GTNV Katnyopio avtr] €govv oyl oTumia 1 Kot ovoryT

vO0O.

Yy petd-GWAS emoyn, to epdUo, TOL TALOV EmKpATEl, givol Told
yovidwo mpokadlobv Ti Ko KAt amd molég cuvinkeg, Kabdg o otdyog ivar va
KOTOVOT|GOVUE TO GUVOPOLO TNG oYLOPPEVELNG, VO PEATUOCOVLE TN O1YVMOT) O
TEPAL Ao TNV 0PN POLVOUEVOAOYIKY] kKaTnyopia Tov DSM-V kot va oyedidoovpe
o outoAoY1kéEG Kot eotopukevpéveg Bepaneiec. Aev mpdkettan, PEPona, yio pua
gOKoAn vrdOeon, S1OTL Ta Yovidld OeV TOPAYOVV GUUMTOUOTO. ZVVOEOVTOL WE
CUUTTOUATO HECH UG TOAD HOKPAg Kot mepimAokng dwdpounc. To yovidwa
emmpedlovv TN doun, Kol ®C €K TOVTOL T AELTOLPYIO TOV TPOTEWVAOV 1 TNV
nocotTo TpwTEiveY. Emtiong, petafdiiovv 1 Asttovpyio dAA®V yovidi®v mov
umopet va. petappdlovtal e Tpomomompuéveg tpmteives. To yeyovog avtd, £xet
®¢G amotélecpo vo. aAAGLoVV AEITOVPYiEG-KAEWOE T®V KLTTAP®V GTO. Omoio
exepaletar éva emikivovvo yovidlo. Mmopel, yioo moapdderypa, vo aAralel
OEYEPGIUOTITO TOV KVTTAPOD, 1] IKAVOTNTO TOV VO OVOTTUGGEL GUVAYELS. AVTO
pe 1 oepd tov aAAdlel To output PG OAGKANPNG OLASOS KVTTAP®V LE T OOl
OLUVOLOVTOL TAL OVGAEITOVPYIKA KOTTAPO OV EKPPALeTal TO €mKivOuVo Yovidlo
KOl PE TO OTOl0. GLUUETEXEL OE VA, OTMG TO OVOUALOVUE, VEVP®VIKO SIKTLO
(6mwg v mapaderypo fronto-striatal loops). H dwotapoyn g Aettovpyiag tov
SkTOoV pmopel v gaivetol cov oAAoyn LG VTOKAVIKNG, OAAG UETPIOIUNG

EYKEPAMKNG AelTovpyiag, OmmG eivor 1 uviun epyaciog 1 1 ETIAEKTIKN TPOGOYN,
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T OTTOL0L AVIKOLV GTI G(aipa TOL cognition 1 Kot HGG LETPTCIUNG VITOKAIVIKNG
Aertovpyiog amo tnv oeaipa Tov social cognition, Om®G Yoo TOPASELYHO T
KOvOTNTO  OvVOyvVOPICNG TOL  CLUVOICONUOTOS OT0 TPOCMONTO TV  GAA®V
avOporov. Olo avtd, ovoudloviar evdoopaivotvmor (dnA. m  aAdayr 1ng
KUTTOPIKNG AETOVPYIOG 7OV TNV OLOMICTOVOVUE UE HOPLOKES TEYVIKEG, TOV
VELPOVIKOD OIKTOOV, WE VEVPOOTEIKOVEICTIKEG TEYVIKEG TNG EYKEPAAKNG
Aertovpyiog, He YLYOPLGLOAOYIKES KOl VEVPOYLYOLOYIKES TEXVIKEG). To GuVOAKS
potifo TV £vOOQAIVOTOTTMV €VOG OTOHOV YEVVA O GLUYKOALUUEVT O100TOOM
OTN] OCULUTEPLPOPE, EVA  YOPOUKTINPLOTIKO 1TNG MPOCOTIKOTNTAG, OTMS Yl
napdoetypo oyloedio, TapOpUNTIKOTNTA, VEVPOTICUO, eEMOTPEPELD, TO. OOl
GLVIGTOUV [0l LETPNGIUN LE EPMTNUATOAOYIO 1)/KOL GUVEVTEVEELS KO GUVEYT], (G
pog TV Papdtrd ™, petapint. Oreg pali ot petafintéc cuvioTovv TV
TPOCOTIKOTNTA [LOG, TO OTiYHo Hag, Kol 6601 amd pHog Ppickoviol 6To AKPO TOL
oLVEYOVG, oL TANGLALEL TN peyaAvTepn Papdtnta, pmopel kdmowo oTiypnq vo

TEPAGOVY GE AAAN KaTNyopia, o€ auTh TV acbevav kotd DSM.

H oyéon mov vrdpyer petald evog KaAolH evoopavotdmov kol XyLoppEVELag
(SCZ) umopei vo avtimopatebei pe T oxéon mOL GLVOEEL TNV LYNAR
YOMOTEPOA UE TNV ayyewkKn vOco kot TN kapdlakn 7npocPoArrn. Ooeg
TEPLGGOTEPES YVAOOELS OMOKTALE YO TN YEVETIKN KOl TN QLGLOAOYIM NG
YOANGTEPOANG, TOCO TEPIGCOTEPO KOTAVOOVUE TNV TAHOQLOI0A0YiNL  TNG
OYYEWOKNG VOGOV Kol NG kapdlokng mpooPoAns. Ot Evdoeaivotvmor eival
ONUOVTIKOL Ylo. TNV YEVETIKN £pevva, emewdn Ppiokovior 7o KOVId OTIC
EMOPACELS TOV YOVOI®V GE OYEON HE TO EUPOVH] CLUTTOUATO KOl TN
ocvoumeplpopd. Av €vag evdopavdtuomog eivor kevipikdg otn SCZ (dniadn

dpopdletal e ekeivoug TOV VOGOUV KOl GE €KEIVOVG OV £YOLV TN YEVETIKN
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podldBeon v T vOG0), TOTE OMOONTOTE YVMOOT OMOKTAUE GYETIKE WLE TOV
eVOOQUVOTLTO, OTMC 1 YEVETIKN Kot 1 mabopucioroyio, Oewpodue Ot pog
EVNUEPDVEL OVOQPOPIKE LE TN YEVETIKN Kot TNV Tabo@ucioloyio ¢ 1d10g ™G
vooov. H Evoogarvotumikn épgvva pog Bondd va katavoovpe Toug Unyovicodg
pécw TV omoimv to emkivovva yovidlin avEdvovv tov kivouvo yio ™ SCZ

(emmpedlovtag évav 1) T0 GHVOAO TV EVOOPALVOTOTOV GTOV EYKEPAAO).

Me npdto Tov Gottesman €yovv mpotabel o KPITHPO Y10 TOVTOTOINGT TOV
EVOOQALVOTUTT®V, 01 0Tto{0l £lval KATAAANAOL Y10 KAIVIKO-YEVETIKEG LEAETEC GTNV
YUYOTPIKT), KOVEC VO LOG OMCOLV YPNOLUO CLUUTEPACUATO. XTOUPOVO UE TO
Kpumpw avtd, o «wmoyneog» Evdoeawvdtvmog mpémer vo Ppioketal oto
povomdtt Peta&d yovidlov Kol GUUTTOUATOV, TPEMEL VA Elval KANPOVOUNGLLOG,
TPEMEL VO OVEVPICKETOL SATOPAYUEVOG 6TOVG acBevelg, va givor aveEdptntog
and TV mapovcio. Kot T @Aacrm ™S vocov, vao Ppioketal mo cvuyva 6E un
VOGOUVTEG GLYYEVEIC aobeviv o oyéon HeE TOV YeEVIKO TANOvoUO, va
dwpopdletal oToVg GLYYEVELG avOAloyo HE TNV VOGO, va. emnpedletonl amd
EMKIVOLVOVC YEVETIKOVUG TOAVUOPPIGHOVG KOl VO €lval YpNOUOE o UEAETEG
aveELPESNC VEOV YOVIOT®V, KATOOEIKVOOVTOS, £TGL, TOVG UNYOVIGUOVS HECH TMOV

omoimVv To yovidla ovEAVOVY TV EVAAMTOTNTA Yl TN VOGO.
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ABSTRACT

The subject of my thesis is the influence of genetic polymorphisms of three
different genes, hazardous non emotional disorders, mainly for the schizophrenia
syndrome, on specific endophenotypes, such as the Gating function and

cognitive function in the general population and in healthy high-risk individuals.

Following an appropriate and modern research strategy, Candidate gene
approach, the question was raised in our studies, is whether established
schizophrenia risk gene variants affect PPI levels in the general population. This
approach would further our understanding of these genes’ functional mechanisms
within the human brain. Association of these gene variants with reduced PPI
would validate their role as schizophrenia candidate genes and would inform our
understanding of the mechanisms through which genes increase the risk for

schizophrenia.

In the present study, we examined three single nucleotide polymorphisms
(SNPs): Polymorphism Rs10503253 of CSMD1 gene is implicated in
neurodevelopmental disorders. The risk A allele is associated with schizophrenia
and low 1Q. The aim of this study was to see effects of polymorphism on PPI /
Gating function, intellectual quotient (1Q), working memory (WM), and also,

memory and executive functions.

The second gene studied is FOXP2. Is implicated in speech and language
development. Also, studies conducted in recent years, support the association

with autism, ADHD and schizophrenia. The risk G allele of polymorphism
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Rs1229761 of FOXP2 gene has been shown to correlate with ADHD. The aim of
this study was to see effects on Gating function, 1Q, cognitive function and traits

of personality.

The third genetic polymorphism studied is rs4680 of COMT gene, which has
been implicated in the disease of schizophrenia. The aim of this study was to
verify, in a larger sample of individuals, already proven impact of risk Val allele

of this polymorphism on the functioning of the prefrontal cortex.

Gene CSMD1: rs10503253A/C

In the first study for the CDMD1 gene, took part 829 young males, who were
recruited from the first wave of cohort LOGOS participants. 779 participants
had reliable PPI. Participants were grouped according to their genotype at three
categories: CC: 772, CA: 291, AA: 36. The frequency of the C allele
corresponded to 1835 individuals and the A allele to 363 individuals with minor
allele frequency of 16.5%. The genotypic distribution was in accordance with the
equation in Hardy- Weinberg (p=0.19). To reduce data in classified variables,
submitted cognitive outcome variables of neuropsychological tests on principal
component analysis (PCA). In total, they were included in the analysis 22 key
cognitive outcome variables and exported nine dimensions that explain the
77.64% of the total variance. For quantified genotype-phenotype correlations
used in QTPHASE program of package UNPHASED 3.1.7. In order to lessen the
likelihood of Type | error due to multiple tests, the p-values were corrected by
Bonferroni post hoc test (0.05/10=0,005). Thus, the effects of genotype groups
on 9 PCA dimensions and 1Q with p-values <0.005 are considered statistically

significant, and with p values <0.05 referred to only as "proposed significance™
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for future studies. We also calculated, the power (based on an additive model of
inheritance). A sample of 829 subjects and 16.5% frequency of minor allele, we
have 80% of the power required for the detection of very small effects on the

order of 0.1 (effect size r = 0.1).

The risk A allele was associated with poorer performance on measures of
general cognitive ability, strategy formation, spatial and visual working memory,
set shifting, target detection and planning for problem solving but not for
emotional decision making. Most of these effects were dependent on risk A allele
dose, with AA and CC homozygotes being the worse and the best respectively,
while CA individuals were intermediate. Potential genotype effects in Stroop and
verbal memory performance were also suggested by our dataset. These results
underline the relevance of the risk A allele to neurocognitive functioning and
suggest that its detrimental effects on cognition, may be part of the mechanism

by which the CSMD1 mediates risk for schizophrenia.

Gene FOXP2: rs1229761G/C

In the second study, which was conducted for the FOXP2 gene, also took part
829 young males with full cognitive data. 680 participants had reliable PPI.
Participants were grouped according to their genotype at three categories: GG:
276, GC: 404, CC: 149. The frequency of G allele corresponded to 956
individuals and allele C to 702 individuals with minor allele frequency of 42.3%.
The genotypic distribution, and in this study, was in accordance with the
equation in Hardy-Weinberg (p=0.5). We analyzed five phenotypes: PPl/gating
function, working memory/strategy from the field of cognition and three

personality traits, such as schizotypy, alexithymia and impulsivity. Realized
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Bonferroni correction, as in the previous study, for controlling Type | error (0.05
/5=0.01). Thus, the effects of genotype groups on the 5 phenotypes with p values
<0.01 are considered statistically significant, with p values <0.05 referred to only

as "proposed significance."

The G allele carriers performed worse (p<0.05) in Spatial Working Memory
[Strategy, Total-, Within- and Between- Errors in the difficult 8-box condition].
They also scored higher (p<0.05) in measures of Schizotypy [STQ_Magical
Thinking and STQ_Unusual Experiences (p<0.01)] and Impulsivity [BAS_Fun
seeking, TCIl_Novelty seeking, low scores in EPQ lie scale]. Finally, they
demonstrated a Gating deficit as evidenced by a significant (p<0.01) 3-way
interaction in the ANOVA [reduced PPI at the short (30ms) interval with the
85dB prepulse]. The rs1229761 G allele, which has been associated with
ADHD, impacts on important intermediate phenotypes such as short interval
gating, working memory, strategic thinking, schizotypy and impulsivity in
healthy males. These results elucidate the function of the FOXP2 gene in the
human brain and suggest that it may be a “hub” for pathological features (gating,
cognition, language/thought, impulsivity) common to ADHD, schizophrenia and
autism.

Gene COMT: rs4680Val/Met

In the third study for the COMT gene participated 829 young males from the
cohort LOGOS with full cognitive data. 779 participants had reliable PPI.
Participants were grouped according to their genotype at three categories: Val /
Val: 235, Val/Met: 424, Met/Met: 170. The frequency of allele Val corresponded
to 894 individuals and the Met allele to 764 individuals with minor allele

frequency of 46.1%. The genotypic distribution was in line with expectations at
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Hardy - Weinberg (p=0.1). To reduce data in classified variables, we submitted
the measurements of all the cognitive tests in PCA. Done Bonferroni correction,
for the control of Type | error, resulting in p-values <0.005 are considered
statistically significant, and <0.05 referred to only as "proposed significance" for
future studies.

The risk Val allele carriers had significantly lower 1Q, worse performance on
planning for problem solving without emotional involvement [more time for
planning] and increased inattention, before or after the covariance parameters
age, education and smoking habits. However, the results did not show dose-
dependent effect of the risk Val allele. Regarding PPI, the Val carriers
demonstrated lower level of prepulse inhibition only at the intermediate (60ms)
interval, in both cases administered prepulses of 75 and 85dB. Remarked repeat
of previous findings in PPI/Gating and new findings in 1Q, Inattention and

Planning of problem solving.
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EIZATQI'H

NPQTO KE®AAAIO

O AIXOHTIKOKINHTIKOX HOMOX KAI
H ITPOITAAMIKH ANAXTOAH
TOY ANTANAKAAXTIKOY AI®NIAIOY

EI'KAEIZXMOY TQN BAE®APQN

O awoOntuwcokvntikdg nOpdg 1 omnon (sensorimotor gating) eivor pia
OepeMddng Asttovpyion (KEVIPIKOG UNYOVIGUOC) TOL EYKEPAAOL, 1 oOmoin
G PAAMEL TNV TPOOTOGIO TOV OPYAVICUOV ATTd acONTNPLOKT KVTEPPOPTOCTY.
AVTO EMTUYYAVETOL HE TNV EVEPYOMOINGT] OVUCTOATIKOV UNYOVIGUOV TOV
HELOVOUV TNV OlOTOCTIKY emidpaon emepyduevov epebiopdtov uéypt va
oAokAnpwBel n enelepyacia g TAnpogopioc, omoio pog EVOLLPEPEL 1} TPETEL VOl

LLOG EVOLLPEPEL TEPICTOTEPO.

O aoOnrikokivnTikdg NOUOG pmopel var petpnOel avtikepuevikd e to Lovtédo
¢ [Ipomaipkng Avactoing (ITITA) Tov aviavakilootucod aipvidlacupov (AA).

[Tpdxetton yio Evo KANPOVOUNGLUO LOVTELO, TO OTTO10 UTOPEL VO EPOUPLOCTEL GTOV



dvBpomo kol ta (oo kot yopaktnpiletar and otabepOTNTa, ETOVOANYILOTNTO
kol aSomotio. To TIITA eivor po otabepn Ko emovoinyipn vevpoPloioykn
pétpnon, mn omoia cvpPaivel oe O6Aa ta OnAactikd, dev eppaviel €fiopo M
andcPeon petd amd mMOAAEG EMOVOANYELS KO OC €K TOVTOL TOPAUEVEL 6TaHEPD
oe K@Oe cvvedpio kot oev amartel cvveidnom. Mnopel va ocvuPel oe (oa, to
omoio Kolovvtal 1 akopo Kot o (ma oto omoia £xel e€opebei 0 pAo1dg. Emiong,
dev ovoyetiletonr pe ™ pdOnom, onAadn O0ev amoteAel amOPPOLD. GTOOIOKTG
oLuvoeong epebiopotog-avTidpacng, d10TL cuuPaivel amd TNV TPOTN POPE GTNV

TPAOTN OOKILOGTL.

>t oyloppévetn (Braff et al. 1978, 1992, 1999, 2001 b, Bolino et al. 1994,
Kumari et al. 1999, 2000, Weike et al. 2000) ka1 e cvvapeig dtotapayss, ot
omoiec  yapaktnpifovtar omd ooONTNPOKES, YVOOTIKEC Kol  KIVNTIKEG
dvoiettovpyieg, OmmC eivoar M oyloTvRn JTAPUY TNG TPOCHOTIKOTNTOG
(Cadenhead et al. 1993), n WLYOVAYKOOGTIKN-KATOVOYKOGTIKY] Ol0TOPOYN
(Swerdlow et al. 1993 b), n dutolkn dwtapoyn (Perry et al. 2001), n peilov
KatdOAwyn (Perry et al. 2004), n dwatapayr woavikov (Ludewig et al. 2002) k.a., 1
[Tpomoipukn Avactoln (ITTTA) €yel amoderyBel, péc® TEKUNPLOUEVOV HEAETOV,
EMAELLUATIKY, EVO £XO0VV LITAPEEL EVPNLOTA OVOPOPIKA LE TNV YPNOIUOTNTA TNG

OG LOVTEAOD PEAETNG TNG AMOTEAEGLOTIKOTN TG TMOV OVTIWYVYWOGTKOV QOPUAK®Y.



MEPOX A

BAXIKA XAPAKTHPIXTIKA TOY

ANTANAKAAXTIKOY AIONIAIAXMOY

A.1 IXTOPIKH ANAAPOMH TOY
ANTANAKAAXTIKOY AI®ONIATAXMOY

O 6pog «OvTavaKAAGTIKO oeVIOlcHoD», 0 Oomolog &ival YvwoTog otV
Bproypapio kot wg «startle reflex» N «startley, dev coumeptrapfavotay yia
aPKETA YPOVIQL GTA GUYYPAUUATO TNG TEPAUATIKNG YuyoAoyiag. Qotdco, kotd
™ dbpKeln NG dekaeTiog Tov *50 Kateiye Evav onuovtikd poOLo 6To TAAICIO TOV
EMOTNUOVIKOV EVOLLPEPOVT®V NG EMOYNG. Ol EMGTNUOVES TNG CLYKEKPIUEVNG
TEPLOOOV TO TEPLEYPOUPAY (OC £VOL OO TO GYNLOTO CLUTEPIPOPAS TOL EKAVOVTOL
€0KOAOL KO HE TPOTO COPAOS TPOGOIOPIGUEVO, EVD ETECTLOVOAY KOl TO YEYOVOG
™G OVVATOTNTOC TTOL TOPEYEL VO OVOTOPAYAYETOL PE EVKOMO G€ GLVONKEG
gpyaotnpiov. 1o PEGO TOL TPONYOLUEVOL oudva, 1 HeBodoroyio mov &lye
vioBetnOel, e oKomod TNV TPOKANGN TOV AVIAVOKANGTIKOD OLPVIOIUGHOD GE £val

vnd eE€taon dtopo, Pacilotav oy mpdkAnon kpoTov pécw oOmiov. Ta



VIOKEILEVO TNG EKAGTOTE £PELVOG GULUUETEL OV, TapAAANAa, og pio dtadikacio
Kivnuotoypaenong upe tayvmmta  mepimov 100 potoypappdtov  avd

devtepdrento. (Marco Costa, Pio Enrico Ricci Bitti 1998).

H obnon vy v evacyoAnon 1Tng EMOTNUOVIKNG KOWOTNTOC UE TO
oLYKEKPIUEVO Opor €600M pe agopun To EMGTNUOVIKO cVyypaupo tov Landis
kot Hunt, 10 omoio dnpocievtnke katd to étog 1939. To ev Aoy clhyypoppa
NTOV 10 TPMOTO, TO OMOi0 OGYOAElTO K’ OAoKANPiov HE TO AVIOVOKAOGTIKO
OLPVIOGHOV Kot amoTeAel péypt onpepa va moAd yvootd Bipiio oto medio g
ovykekpévng Bepatoroyiag. Zto BifAio awtd meprypdpovial, Yo TpdTN OPA.,
Ol YOPOKTNPIOTIKEG HETOPOAES TOV AVIOVOKAOGTIKOD, GE EMIMENO PLGLOAOYIOC.
[Tpoxettal yuo 11§ KAOUGOIKEG TOCOTIKOTOMGIUES HeTAPOAES Tov oyeTilovTal pe
10 emimedo eypnyopons, Omwg eivar M adénon Tov KaPOKOD TUAUOD, NG
ocvYVOTNTOG NG OVOMVONG Kol TNG  oyoyluotntag tov  oépupatog. Ot
npoavapepbeiceg petaforég dapkotv yia Eva Bpayd xpovikd S1doTnua, TETOL0
TOV 1 EXAVAPOPA TOVS 6Ta Pacikd eninedo mpaypaTomoleital Tepimov evidg Tov
StoTratog Twv 30 deVTEPOAETT®Y. AVOPOPIKA LLE TO EMITESO TOV CGKEAETIKMOV
poov, KotaypdeeTol o Toyeion KApwn Tov KOPUOU, ONMG TOPACTUTIKE

drokpiveton oto oynua 1.



Yyqpoe 1. To oynua copmepteopds (pattern) Tov avIOVAKAQGTIKOD GIPVIOIOCHOD £TEITO OO

tov kpoto omhov (Landis & Hunt 1939).

H mpdt katoaypaer] T@v SuVOUK®OV G EMIMESO HVOV, TPOYUOTOTOONKE
and touvg Jones ko Kennedy 1o 1951. Ou &0 epevvnrég, tomobetddvtag
NAEKTPOOIDL GTO AOd, TO UETOTO, TN Pdyn, TNV KOWio Kot To dKpo TV Vo
e&étaon vrokelwévov, katéypayav 60 mepurtdoelg startle. Avagopikd pe v
YPOVIKYT] GEPA GVOTOGNC TOV HVOV TOV GUVIGTOVV TNV omoOKplon tov startle,
napatipnoay Ty idto aAAniovyio ekdnidoewmv pe ekeivn tov Landis kow Hunt

10 1939. Qot660, dOmIcCTOGHV HIKPOTEPOLS YPOVOLS OVTIOPAONG HETOED TOV



eEKALTIKOD €peBioUOTOG KOl TNG GLOTACTIKNG AMAVINGNG TV GLUUETEXOVTIMV
poov, Kabag to duvapikd evepyeiog TV oveoTEP® VIO e£ETACT LLOV ElYAV ©G
amapyn To xpoviko onueio Evapéng g pikng cvomaons. Ot Jones kot Kennedy
€0TIOGOV TNV TPOGOYN TOVG GTNV TOYVTNTO LE TNV OToio avIIOPOVCOV Ol HVEG

TOV A0V, VTOYPAULOVTAG TNV OMUAGTIO TNG CLYKEKPIULEVNG LVTKNG Lalag.

H emopevn emotnpovikn epyacio ftav ekeivn tov Davis, gv €ter 1948. Ztnv
ev AOYw epyacia dtakpivovtor 600 oTotyEld TOL OVTAVAKAAGTIKOD 0LpVISIAGHOV:
A) To otoryeio ekelvo mov ekdNADVETOL PE TV HEYAAVTEPN TayvTNTA Kol B) to
ototyeio, to omoio gueavileron pe kabvotépnon, Exovrag v 0o Aavldvovca
nepiodo ekONAMONG HE TO OTOWYEID MOV AMOKOAEITO ®©C «WYuxOoyoABovikod
OVTOVOUKAQCTIKO», 1), OTMOC OLPOPETIKA EYEL  OVOUOOTElL,  «OmAvVINGYT NG
ayoypdttog Tov Oépratocy. H avotépm dtdkpion vrédeile 4Tl 10 ototyeio mov
EKONAMVETOL e YPOVIKT KABVGTEPNON, EVOEYOUEVMG VA EYEL MG TTEPLOYT EVaPENG
tov vrobdiapo. To yeyovog avtd VTOOEIKVVE OTL, UETA TNV TEAECT LIOG
YEVIKELUEVNG EVEPYOTOINOCTG KOL TNV TPOETOLAGIO TOV OPYOVIGUOD TPOKELLEVOL
va 0pacel, akoAovBoVsE Lo TEMKN amavTno, 1 omoia NTav EAEYYOUEVT Omd TOV
(QAOL0 KOl OIOTEAOVGE TNV KATAAANAN OmOKPIoN G TPOG TNV dedopévn pe v

nepioTaon cuvOnK.



A.2 TIEPIT'PA®H THX AITANTHXHX TOY STARTLE

To startle amotedel pio €yyev] aviidopacr TOL OPYOVIGHOV, M omoio &ivol
TUTIKY TOV apvvTikov cvotiuatog (Lang 1995, Yeomans, Li, Scott & Frankland
2002), kowvn og 6ha to. Onhaotikd (Landis & Hunt 1939, Yeomans et al. 2002)
Kot vrevBuvn Yo TV GUECT] AVTIOPACT] TOL OPYOUVIGHOV, ETELTA OO VO PVIOLO
epéBopa, vyning éviaong kar Ppoyeiog Sudpkewng, To omoio dHvartal v

TpoKaAécel OO GTOV 1510 TOV 0PYAVIGUO.

H andvinon tov startle mapovsialeral, mpdypott, oG o cOVOETN KIvNTIKY
dpdon ®g mpog akovoTikd epebicuata, ontikd epebdicpata 1 epebiocpota aEng.
Ta ev AMOyo epebiopota, Omwg mpoavapépnke, eivar Ppayfa, owevidwo kot
peydang évraonc. H mpayudtoon tov aviovokAaoTikod otvidlcHol £Xel ¢
OTOTELEGUO. TOV  OLOVIO0  EYKAEICHO TV 0QBoAU®V (MG OCLVETEWL TOV
OVTOVOKAOGTIKOU EYKAEIGHOD TV PBAEPAP®V), TNV CUOTOCT TOV HOOV TOV
TPOGMOTOV, TNV KIVNON NS KEPAUANG TPOG TO EUTPOG, TNV AVOYMOT KOl TNV TPOG
To EUTPOG PETATOTIOT TS OUOTANTNG, TV TPOSAYWYN TOV YEPLDV, TNV Kivnon
TOV KOPUOV TPOG TO. EUMPOC, TNV GVOTOCT TNG KOWog Kot TNV KANoM g

apBpwong tov yovatoc (Ewova 1) (Costa & Ricei Bitti 1998, Hunt & Landis



1936, Landis & Hunt 1936, 1939, Yeomans & Frankland 1996, Yeomans et al.

2002).

To otoyeio g ocvumeplpopds, ®otdco, mov eueaviletal, kotd TPOTO
ot1abepd, TPOTO o€ Ui 1EPOPYIKY] EKONA®MON TOAADV GAL®V GTotKEl®V, €lval O
amdTOpog €YKAEIOUOG TV PAepdpov. To aviavakAaoTikdO TOL oPVidlov
eYKAEIoCHOV TV PAEQPAP®V, TO 0Oi0 GTNV OYYAIKT YA®ooa opiletal o¢ eyeblink
N mo anhd wg blink, Bewpeitonr Twg elval TEPICCOTEPO AVOEKTIKO MG TPOG TNV
eCokelmon Kol OGS KATEYEL TNV UEYOAVTEPY TOYVTINTO EUPAVIONG, OE

OVTITOPOLOAT LE TO OVTAVAKAAGTIKA TOL £TOVTOL QVTOV.

Ewova 1. 'Eva mopdaderypo tng ékAvong tov startle og éva Bpépog nikiag 5 unvov. To tpdTo
eoToypappa (A), ameucovilel T otryun g xopnynong tov maiuov. To Bpépog givar akivnto

Kot dgv Tapovoldlel akoun Kamowo otoryeio tng amdvinong. To devtepo patoypopa (B)



ewkovilel v évapén (onset) ¢ amdvinone. Eupovifovrol ta mpdto ototyeio g amdvinong,
petald tov omoimv 1o eyeblink. To tpito eotoypappa (C) mapovcidlel t0 UEYIGTO TNG
aravimonc. Eivol epgavi ta govopeve g Tpocay®ynsg tTov Bpoytovov kot 1 KAion mov

Aappdvovv ta yovarta.

H xatoaypaen tov &v AOY® avIOVOKAACTIKOD £YEL G OmOPYN TO YPOVIKO
onueio, To omoio améyetl kotd 40ms g Tpog To epédicua mov to exhvel. Ta Aowmd
oTolyelo- avTOVOKAOGTIKO TNG YEVIKOTEPNG OVTOVOKAMGTIKNIG GLUTEPUPOPES
(startle) mwoapovoidlovv v akdAovdn celpd eKONA®ONG OC TPOS TOV YPOVO:
duavoilln tov otopatog (69ms), Kivon g keQOANg mpog ta epmpdsg (83ms),
EVEPYOTOINGT TOV HL®V TOL Acnov (88 ms). Ev cuveyeia, evepyomolovvion ot
UOEC TNG OUOTANTNG Ko TNG KOIAMAG, v 1 apbpmon Twv yovatov eueaviletal
terevtaio pe ypovikn amdotacn 200ms (Zyqua 2). To cdvolo TV poodv Tov
ompatog emavépyetal ot Pacikn cvvonkn (baseline),énetta amd 0.3 sec. Ltovg
EMIUVEC, 1 YPOVIKY OTOCTOCT| TOV TAPEUPAAAETOL AVAUESH GTNV EUPAVICT] TOV
epebiopoTog Kot 6TV AvVTidOPAUGT TOL OPYOVIGHOV, GVTIIGTOLXEL GTOV YPOVO T®V
10ms, evad 6t0 veoyevvnta mtnvd ovtictolyel otov ypovo tov 20ms  (Marco

Costa, Pio Enrico Ricci Bitti 1998).

10



Tpamelogdng pog (Aaipdg)

Tpameloedng pog (Quomhdrn)

[TAdyrog Pagyraiog pog

OpB6g KoMaKAOG g

Tetpaképalog unproiog pog

lNaoTpoxviog pog

Yyqpoe 2. H ardvinon tov startle, £161 0mmg KOTAYPAPETAL HECH MAEKTPOUVOYPAPTUATOS GE

¢&1 dapopetikovg pveg. Ex de&idv dapaivovtor Ta ypapruota ota 100mV kot ota 300mV,

avtiototya. Eivar onuovtikd va mopoammpndel mog oty Kataypagr, HECH TOL MAEKTPOSIOV,

oTov 0pBd KOWMOKO MV, DTAPYEL EMIKAAVYY] TNG MAEKTPOUVOYPOPIKNG KOTOYPOPNG ETL TOL

KopdloKoO TaApov, o omoiog, e€attiag Tov OTL €lvarl LYNANG NAEKTPIKNG évtaong evtomiletol

gbKkoAa o€ TOALG onpeia Tov ompatog (Jones & Kennedy, 1951).
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To startle wovornotel TANPpwG TIC TPOHTOOEGELG TOL ATAITOVVTOL, TPOKELEVOD
va Bempeital €@Kt Kol YPNOUN M E€QOPHOYT] TOL ®G ePYUAEio €pgvvoc.
[Ipotictwg, mpdxertarl yio Eva epyoreio peTaforidoOpevo G€ cuVApPTNON UE TNV
eunepio, Tov omoiov M yprMomn eivar €dkoAn kot kaBolkn. Avtd onuaivel TG
dvvaTol Vo YPNCUYLOTTOLEITAL, OVEEOPTNTOG TWV TEPIOPIGUAV TOV TPOKAAOVV TO
OTOLIKG KOl KOWV®VIKG, YapaKTnploTikd tov vrokewévov (Landis & Hunt 1939).
Koatd devtepo Aoyo, Ta puoikd otoryeio Tov startle, aAAd Kot o1 TapAUETPOL TOV
®¢ TPog Tov Ypdvo, givor yvootd kot eheyyoueva (Costa & Ricci Bitti 1998,

Davis, Hitchcock & Rosen 1987).

A3 AEITOYPI'IEX TPOXAPMOI'HX TOY STARTLE

H éxhvon tov startle sppavifetor otov avOpmdmivo opyavicpd ard tmv nkio
TV 26-28 BdoUddmV HETA T CUAANYT TOV EUPPVOL Kol Tapapével kad’ OAn ™)
dwdpketor g Comg (Agnoli, Dondi, Franchin & Stoppa 2009, Bellieni, Severi,
Bocchi, Caparelli, Bagnoli, Buonocore et al. 2005, Groome, Gotlieb, Neely &
Waters 1993, Kuhlman, Burns, Depp. & Sabbagha 1988). Ot topeig g

épevvag,mov TV vwoBeTOVV, elvanl mMOAAOl Kol aviKouvv G’ €va gupy PAGLO
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EMOTNUOVIKOV KAAO®V, Om®G eivar 1 vevporoyia, 1m VELPOYLYOAOYID Kot M
vevpopuotoroyio. (Agnoli et al. 2007). To xowvd otoreio, o€ OAOVG TOLG
avoTépm Topelc, eviomiletor 010 YeYovog 0Tl To startle amotelel évav Proloyucod
deiktn: H ev MOy amdkpion tov opyoavicpov eivor oe 0€om va mpooeEpel
akpPeic mAnpopopiec ¢ mpog tov Pabud amavinTikdtnTag TOv OOV TOL
0pYOVIGHOD, OTOV O TEAELTOIOG EPYETAL AVTILETMTOC HE Eva epédiopa, TO omoio
umopel va yopaKTnploTel ¢ aipvidto kot v dvvapel eniProPés. H ovykekpiuévn
Aertovpyio Katéyel Kevipikn 0€omn o010 KAMVIKO £pY0 TOV VEVPOETIGTNUOVOV,
KaBmOG pEcm avtg, elval dvvatdv va 1ebel vd e€€tacn N ATAVINTIKOTNTO TOL
KNZ, axopo kot katd v moAd pukpn nikio. Bdoer tov amotelécpatog,
onAadn, g e&étaong pmopel va odnynbodue ce mepATEP® O1EPEVVNON TOV
EKACGTOTE TEPLGTOTIKOV KO O €K TOVTOV G€ TOAVESC O1YVDGELS VEDPOAOYIKMV 1|
vevpoyvyoroyikmv mabnoemv (Brazelton 1973, 1984, Prechtl & Beintema 1964).
EmnpocOétwg, n e&€taon g ovykekpuévng Asttovpyiog eival Pacikn yuo tov
Eleyyo TG TPOGoYNS Kol TV cvvolsOnudtov (Anthony & Graham 1983, 1985,
Davis 2006, Graham 1997, Lang 1995). Ava@opikd [Le TNV TPOTN TEPIMTOO, N
avadivon g amokplong tov startle pog dtvel v duvaTOTNTO VO EEETAGOVUE TA
otddolr 1M TIC OdiKacieg mov agopovv oty mpocoyn. H wavétnta tov

opyavicpov, Pacet g omoiog eivor oe Béom va dwokpivel ta emTepikd
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gpebiopata Kot va avtdpd ©¢ Tpog avtd, eEoptatal 1060 and to. 6Tdd, 0G0
Kol and TG olepyacieg g mpocsoyns. Ocov agopd de otnv mepintmon PeEAETNG
TOV GLUVALGONLLATOG, EIvat OLVATOV VO EEETAGOVLE TNV OTAVTNOT) TOV OPYOVIGLLOD
¢ pog v £kBeon tov o€ gpebicpota dSPOPETIKNG PVGEMS, Ta 0moio dvvavTal

va OPTIGOVY GLVOGONUOTIKA.

YTmhpyovv  OVTIKPOUOUEVEG OMOYELS OVOPOPIKA HE TIG Agltovpyieg
npocappoyng tov startle, ot omoieg éyovv onuacia yw v emPiowon oL
opyaviopoV (Yeomans et al. 2002). I[TAnv g ovtovOntng TPOCTOTEVTIKNG
Aertovpyiog TOv  oEViooL gykAElopoD TV PAEQAprv, HECH® NG OTOlOG
Aappéavovv tpootacio ta patia (Koch & Schnitzler 1997, Yeomans et al. 2002),
pio. emmAéov Aertovpyion tov startle, elvar ekelvn tov mMopeUmOdIcUOD NG
KIVITIKNG AELTOLPYIOG TOV OpYOaVIGHOD KOTE TN YPOVIKY OTIYUN TNG EKONAMGNG
tov. To &v AOy® yeyovoc emMITPEMEL TNV KATOVONON TNG GVONG TOL oPVIdlon
epebiolaTog amd TV TAELPA TOL OPYOUVIGHOD KOl TNV AVAAOYO TPOGUPUOCUEVT
avtidpaon tov o¢ pog avto (Landis & Hunt 1939, Lang 1995, Yeomans et al.
2002). H ovomoon evog peydlov oplpuod pumdv ToL GOUOTOC, OmOpPOole TNG
amdvtnong tov startle, evdeyopuévog vo  mopepmodilel TV KWNTIKN

dpaoctnpdtra  tov  opyoviopov. I[lapdAinia, Opmg, TOL EmTPémMEL Vo
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TPOETOWAOTEL Y10 VO AVTIOPAGEL OC TPOG TO apvidlo epediopa, 10 omoio Oa

pumopovee vo eival Wloitepa amEANTIKO Y10l TNV aKEPALOTNTA TOV.

Mio TpdT Bedpnom OV TPOKVTTEL ATd TNV AVAAVCT] TOV TPOCUPLUOGTIKMV
Aertovpyldv ™G amodkpiong Tov startle, oyetiCetal pe yeyovota tg Bopufmddovg
Kafnuepvomntag tov avlpomivov Oviwv, Katd v eKTOAMEN TV 0moimv
VIApyEL 1 mBavOTTO. VoL PNV TPOKOYOLV Ol TAEOV KOTOAANAES OMOVINGELS
(Yeomans et al. 2002). Onwg éxer Mo ovoeepbel, oe o vrmotiBépevn
KaTdoTaon, Omov o startle mpokadeiton KaTd TV O1EPKELN LG GUVTOVIGUEVIG
KIVNTIKNG dpacTnpldTnTos, omoTtéAesio auToL givat va tapepfaivel otnv eEEMEN
™¢ v AOYm dpactnpdtras. Emummdéov, oty mepintmon, Katd tv onoia éva
dtopo Ppioketal og Eva mepiPdiiov BopvPmoeg, | evacHnTomoincn TOV MG TPOG
T gpebiopata, mov dVvovVTaLl Vo TPOKAAEGOVY TNV EKALGT] TOL startle, avEdvetat
onuovtikd. Extdg, opwme, tov mpoavoapepbeicdv Aettovpyldv, To startle €yet
amodeybel mwg mapeumodilel kar v VIO €EEMEN GO TNPLOKY KOl YVOOTIKY
Aertovpyia, yeyovdg OV GLVOSEVETOL OO MOl EMTAYVVON TOV KOPILOKOV
noApol, kabmg kot omd adénom g SpacTNPOTNTOG TOV GLUTAONTIKOV

(Yeomans et al. 2002).

[Topd tavta, n amdvinon tov startle mapopéver pion amoddeEn g KOWNG

KAnpovouidg tov avlpdmivov €idovg Kot Tov Aom®V ONAacTIKOV. AvoAdovtog
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TNV cVVOETN ATOKPIOT TOV AVTAVAKAOGTIKOD OUPVIOIIGHOD GE EMITEOO KIVNTIKOD
GLGTNLOTOG GTOV AVOPAOTIVO OPYOVIGHO KOl GUYKPIVOVTOG TNV LE TNV avTIGTOLYM
andvinon, £161 OMWG ALTH EKONAMVETOL GE OMOL0OMTOTE AALO BnAacTikd (Yo

TOPAOELYLLO. GTOVG EMPVES), 01 opotdTnTeS efvan onuavtikég (Ewkova 2).

~
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Ewova 2. Avorapdotaor g Asttovpyiag auuvag/mpootaciog tov startle otov dvOpomo (A)

kot otovg emipveg (B). Xtov dvBpomo, ywo va amodobei mpootacia ota dpyava TOL

nepropPavovior oty Bopokikn kKowotnto, mapotnpeitor o ospd eawvouévev:  Io

oLYKEKPIUEVE, gppavileton KAoN Tov AoV TPOG TA EUTPOG, TPOKOAEITAL GUGTACT] TOV HVOV

TOV TPOGHI0V TUNUATOG TOL ACLUOV, OVOY®OOT TNG WUOTAATNG, Kivior TG payng Tpog 1o Tow

Kol PETOKIVION TOV XEPLOV TTPOg Tov Bdpaka. LTOvg EMpVEG, Tapatnpeitol pio peimon g

[
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COUOTIKNG EMPAVELNG, LEC® UI0G OVAAOYNG GEPAG LUKV GLOTAGE®V, IUE OKOTO Vo LelmBEL,
TO dLVOTOV TEPIGGOTEPO, 1 EMPAVELD, 6TV oTtoio, B pmopovoe va emitedel Evag mbavog BuTng
(oynua Tpocapuoocuévo amd Yeomans JS, Li L, Scott BW, & Frankland P. W., Neuroscience

and Biobehavioral Reviews, 2002, 26, 1-11).

H mpoodevtikn epuedvion OA®V T@V oveOTEP® GLUTEPLPOPDOV, TOL arapTilovV
10 startle, Katéyel TV 1O10TNTO VO TPOGPEPEL TPOGTAGIO GTOV OPYOVIGUO EVAVTLOL
o€ &vav evogYOEVO KiVOUVO, 0 0TTo10g Umopel va ELPaVIcTEL 6g pia meployn, TV
omoio. To dtopo 0ev pmopel va ehéyEel katdAinio. H ev Aoym meproyn eivon n
payn. Onwg amédeiCov o Yeomans kot ot cvvepydteg tov (2002), m mio
amodotikn péBodog mpodkAnong tov startle eivor exetvn g aevidiag kpodong
o1 pdyn M otov avyéva evog atopov. Ta Inlactikd £xovv dplotn dmoyrn OAmV
00V TEPIKAEIOVTOL EVTOC T®V 0PIV TOV OTTIKOL TOVG TEDIOV, GE U0 OKTIVO TNG
16Eemc Tov 180 popdv. Ze opiopéva €10 1 dSvvaTOTNTA AVTIANYNG ENEKTEIVETOL
Kol TAELPIKA. 26TOCO, GE Koo TEPIMTMON 0EV LIAPYEL 1| dSVVATOHTNTO GAPMOTG,
om TV TAELPA TOL OMTIKOV CLOTNUOTOS, TV gpedicudtov mov Aapupdvovv

Y®PO 6TO OTiGO10 TUNUO TOV CAOUATOG.
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Ta ocvotuata Guovag pe v peyoldtepn amoddoon vrdyoviol 6to Tpdcshio
TUNUe 0V copotos. Ta Bacwotepa avtov, ivatl ta dOVTIO KoL TO, VOYLOL KOt
OmOTEAOVV TOVG AOYOLS Yo TOUG omoiovg ot BVTeg auevidrdlovv 10 LVTOYNPLO
Odpo tovg amd 10 omicOlo TUNUO TOV COUATOC, KE GLYVOTEPN TNV EMIAOYN
enifeong mpog to TUNpHa tov Aapov. Katd tv évapén tovu startle, Aouwodv, o
Aopdg Aappavel KAlon mpog to UmPOC, Pe TOPAAANAN GVGTACT] TOV LVAOV TOV
Bpiokoviot 610 TPpdGO10 TUNA TOV, LE OVOY®OT] TS OUOTANTNG Kol LETOKIVION
™G pAYNG mPog to emave kot micw. H ocvykekpyévn aiiniovyio Kivhcewy,
«oamopakpOvey to €péfiopno/00tn amd T (®Vn Ttov ANoL Kol TPOKOAEl
evioyvomn ¢ avOeKTIKOTNTAG TOV TOLYMOUOTOS TOV HVAV, AOY® NG Heimong Tov
UKOVG TG Muikng tvag (ovomaom), OOTE Vo OVTIHETOMIOTEL pio mhavi
napaPiact] Tov and tov 00T, Zvyypovers, ot Bwpakikol kot o1 kotMokol HoEG,
yopaktnpiCovtal and pio mapopolo HeEi®on Tov UNKOLG TG HLTKNG Tvog, Ue
amotélecpo TNV avEnomn g avOekTIKOTNTOG TOVS, VM 01 Ppoayioves Kot To yEpLa
GLYKAIVOLV TTPOC TOV BDPAKO Y10 VO TPOGTATEYOVV TA ECOTEPIKA OPYAVO. XTOVG
EMIPVEC TOPOTNPOVVTOL OL 1O1EC LVTKEC GVOTAGELS, Ol OTOLEG £XOVV (G OKOTO TNV
HEl®O™M NG EMPAVEID TOV CGAOUATOS KOl TOV TEPLOPIGUO OC €K TOVTOV, TMOV
dpopwv onueiov ékBeong otov gxfpd. H PBpayeio diakonr] Tov GuVTOVIGHOD

™G  KWVNTIKNG  OpacTnpOtTnToS, TNG YVOOTIKNG Agttovpyiog Kot NG

18



aeOnplakng avtiinyng, fa pmopovoe va gival Eva pukpd ovTiTipo, To omoio
TPEMEL O OPYAVIGHOG VO ATOOMCEL, MOTE Vo dgyfel 10 dperog Tov VLo culntnon
unyavicpov mwpootaciog. EmumAéov, mn mopatnpodUevn O0KOTY TOV OVOTEP®
Aertovpyiwv, mov Ppiokovion oe KabeotdS dpdong pa dedopévn otryun, o
pumopovoe, pHECH NG AOENOMG NG OPOCTNPOTNTOS TOL  GUUTAONTIKOV
GLGTNHOTOG, VO OLEVKOAVVEL TIC OTOPOLTNTEG EMAOYES TOV OPYOUVIGHOD Yol QLYY

N yw dpova (Yeomans et al. 2002).

A4 H XPHXH TOY STARTLE XTON TOMEA EPEYNAX THX

NEYPO®YXIOAOI'TAX

‘Exovtag, Mon, yiver avagopd oTic Aeitovpyieg mpocappoyng tov startle,
umopobpe va dgxBovpe OtL yuo Vv €£0GQAAMOT NG KAADTEPNG OLVATNG
TPOGTAGIOG TOV OPYOVIGHOD EVOVTL GTOV HEYOAVTEPO SLVATO PO KIvOHVOV, 1
CLYKEKPIUEVT] OVTIOPAOT] TOV KWVNTIKOV GUGTNUATOC EVEPYOTOLEiTal amd £val
evpy edcua epebopatwv. Tlpdyparty, to startle mpoxoaAeiton amd eEmtepikd

epebiopata S10PopeTIKNG PUCE®S, Ommg eival ta gpedicpata aeng (UNYOVIKNG
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@OcEMG), To OMTIKA Kol To 0KOVOTIKA epebiopata. Epguvntég tov topéa g
VELPOPLGIOAOYIOG Exouv eUPaBivel 6T HEAETN TOV YOPAKTNPIOTIKAOV OADV TOV
gpebopdTov mov umopovv va mpokaAécovv To startle kar €govv peietnoet
opwopéveg neBodovg, mov Bewpodvtol apKeETE OAMOOOTIKEG OVOPOPIKA UE TNV

TPOKANGT| TOL OVTAVOKAOGTIKOD.

Q¢ éva mpdTO TapAdEypa epeMGUATOV TOV JVVAVTOL VO, TPOKAAEGOVY TO
startle, eivon exeivo tov epebopdtov mov evepyomowovv v aen. O
CLYKEKPUEVOG TPOTOG ausOnnplokng evepyomoinong Bewpeitor amd moAhovg
gpevvNTég OTL elval 0 o amodoTIKOG Yo TV TpdKANom tov startle (Lissek Baas
Pine Orme, Dvir Nugent, et al. 2005, Yeomans et al. 2002). Aedopuévng g
Aettovpyio TposapUOYNG TOV startle, dev TpoKaAel EKTANEN N ATOSOTIKOTNTO TOV
epebioudTov aeng yoo v €KAvon TG amdvinons: 1 oevidlo emaen Qe TovV
001N amoteAel facikn Tyn aicOnong Kvdvvou yia To vroyneo BHra. Me otdyo
™V TPOKANGN ToV startle, péow agnc, epapudloviat Tpelg dlopopeTikég uéhodot.
H npdt amd avtég mpoPrémel t ypnon Hog oevidlag, Ppoyeiog kot £viovng
anodnong aépa mpoc tov oeBouipnd. H devtepn pebodoroyion apopd otnv
gvaicOntomoinon Tov SEPUATOC, UECH TNG YPNONG NAEKTPIKNG EKPOPTIONG KOl
HAAGTO GTNV TEPLOYN OV AVTIGTOLXEL 6TO TUAHA TTEPLE TG 0POUAUIKG poipag

TOV TPOVUOV, Avwbev Tov 0PBuAKoD KOYYoL. Mia Tpitn péBodog cuvictatot
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GTNV EQOPLOYT PVIOLAG Kal EVTOVIG TEGNC GTO TPOGMTO KOl O GUYKEKPLUEVOL
010 onueio mov mapsuParieton avdpeca ota epvola (Berg & Balaban 1999,

Balaban 1996, Yeomans et al. 2002).

Ocov a@opd oto omtikd epebiocpato, m 7O EUEAVC AVTIIOPOACT TOV
TPoKLTTEL €lvol 0 TayOg eyYKAEWoHOg Tov 0opBaApod. H avtidpacn avt
kaBopiletal omd T0 AvTOVOKAACTIKO EYKAEIGUOV TV BAEQAPOV TOL OTOTELEL TO
TPMOTO GTOXEL0 HiaG GVVOETNG amdvinong o€ enimedo KvnTikov cvotiuatog. H
ev Myyo amdvrnon yopaxtnpiletl to startle. H yprion tov cuykekpyévov tpdmov
TpOKANoNG OUoKOAM ocuLVOEETAL pE o TANPN  OmAVTNGT TOL  KIVNTIKOV
ocvotquatog (Yeomans et al. 2002). [Tpokewévov va mpokAnbel to
OVTOVOKAACTIKO ypnoipomotovvtol cvuvroua flash pwtodg mov éxovv katehOvvon
TPog Tovg 0PBuALODS Tov VIokeEvoL. H avapepduevn texvikn sivar gupémg
SdEdOUEVT] OTNV KAMVIKT TTPAEN TNG TOOOVEVPOAOYING Kot TodoyLyoAloyiag,
KaBmG M opaAn deEaymyn TOL aVTOVOKANGTIKOD amoTeLel deikTn akePodTNTOG

tov KNX t0ov moud1o0 (Prechtl & Beintema 1964).

H teyvunm mg xpnong axovotikav epediopdtov, amotedel v mepiocdtepn
S10ded0UEVT OTO YDOPO NG EPELVOG. ZOUEMVO LE TIG avTioTolKeg PiiAoypapukcég
avaQOPES, N OKOLOTIKY caucOnINPlaKn 000G Exel Tebel o eQaprOYN TEPIGGOTEPO

am OAeg Yo TNV pehétn tov startle, kaBdg OSievkoAvvel TV dadiKacio
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de&aywyng (Balaban 1996, Berg & Balaban 1999, Yeomans & Frankland 1996,
Dawson, Schell & Bohmelt 1999). H amdvinon mpokaieitar péco PBpayiwv,
aeVidI®V Kol EVvTovav aKovoTiKOV epedicpdtov. Katd ta tpata mepdpata, to
omoia de&nydnocav amd tovg Landis kot Hunt (Hunt, Clarke & Hunt 1936, Hunt
& Landis 1936, Landis & Hunt 1939), to startle mpokaAeito pécw oL KPOTOL
evog OmAov. Me 10 TEPACHO TOV ETOV, OUMC, KOl HE TNV OTOKTNOT YVAOGEMV
CYETIKMOV LE TO AVIOVOKAAGTIKO oPVIOacHoD, viobetnOnkayv teyvikéc, AyoTtepo
TOPEUPATIKES, Yo TNV TPOKANGT] TOV. ZTIC LEPES LG, TPAYLUATOTOLEITOL 1] XPTION
epebiopdrov Aevkod BopvPov, ddpkelag amd 50 émg 100ms kol evidoeme amd
95 éwg 130dB (SPL) (Zymua 3), (Berg & Balaban 1999, Balaban 1996, Filion,
Dawson & Schell 1993, 1998, Yeomans et al. 2002). H oakovotikny 000G
mpdKkAnomg tov startle Bewpeitor Twg elval mo anAr, oe  avTmapoforn pe v
ontik  Kou TV omrtikn. EmumAfov, 10 oakovotikd epebicpato  mov
YPNOLOTOOVVTOL, OVOKOAD  OlTOPAGGOVY  TIG VLTOAOIMEG  OPAsCES TMV
VIOKEUEVOV KATA TNV OLAPKELD TOV TEWPAUOTOS, OTMOC €lval 1 Tapakolovdnon

TPOPOANG EIKOVOV.

Av ka1 to startle pmopei va mpoxinfel péow g ypnong epebioudTov
SPOPETIKNG PVGEMS, eivol dedopévo to OTL OAa ta epebicpata Oa mpémel va

KATEYOVV OPIOUEVEG POCIKEG QULOIKEG 1OOTNTEG Y10 VO TPOKAAEGOLV TNV
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andvinon. Ot dvo 10T TEG MOV Bewpovvion kevipwés oty Piploypaeia
(Blumenthal & Goode 1991) eivar ot €€ng: O auevidlog YopoKTHPOS TOV
epebiopatog kot n €vraomn avtov. Ot GUYKEKPUEVES TOPAETPOL Eivar TPAyHOTL
o€ Béon va emmpedoovv TV Eviaot, TNV TOAVOTNTO KoL TNV TOYVTNTA ELPAVIONS
g andvinone. Idwitepa o 0,11 apPopd oTo aKoLSTIKE epedicpata, avTd TPETEL
va yapoktnpilovior and &vav ypovo avOymong oxeddv aueco (o0 xpovog mov
amotteiton  amd v Evapén tov epebiocpotog pExpt to pEYIGTO onueio g
£VTooNg TOL) Kal and pio évtacmn, 1 onoia wpénel va Eemepvd to 80dB (Berg &

Balaban 1999).

1 +10.0

Blink [l

-1000 -50 O 00 100 150 200 250 300 350 400
Milliseconds
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Yyqpoe 3. Tlopdderypo MAEKTPOULOYPOPIKNG KATAYPOUENS €VOG o1pVIOov  €YKAEIGLOV
BAepdpwv, 0 omoiog opeideTal og o avTOVOKAQGTIKN avtidpaon startle. H amdvinon exideton
OKOVOTIK®OG UESH AgvukoD BopOPov evidoewc 100dB kot ypovikng dudpkelag S0ms kot M

omola epeaviCeton kotd 0.5 s HeETd TV ERPAVIOT HOg EIKOVOG.

To avtavakiaotikd aipvidtacpov (startle) eivat evaicOnto 6to PavoOLEVO TNG
CLGOMPELOTG TV epedicpaTOV. AVTO onuaivel TG, KATA TNV TOVTOYPOVN
yoprynon o0vo M mepiocdtepwv  gpedicpudrov- moipdv, To startle eivon
HEYOAVTEPNG EVIACEMG GE GYECT LE TNV EKONAMGCT TOL, LLO TNV EMPPON EVOG
uovo epebiopatog. H évtaom, pdicta, e amaviioewe eival avdiloyn Ttov
abpoiopatog TtV evidcemv  mov  Katéyovv  ta  gpebiopata-maipol
(Yeomans et al. 2002). To ev Aoyw amotélecpa, wotdG0, €ival To £viovo, 0Tav
ypnooroovvion  gpediocpoata  SPOPETIKNG  GUoE®MS (Yo mopdderypo
OKOVOTIKNG Kot pnyavikng toavtoypova). To yeyovoc oavtd ovuaivet,
mhavotata, KabMOG o1 TANPOQPOpPlEG TOL TPOEPYOVIOL OO TIG OLUPOPETIKEG
oo TNPLOKES 000VG GLYKAIVOLV G€ £val LoVadIKO, KOwd KEVTPO, TO omoio elval

VIEVOLVO Y10 TNV OTAVTNOT).
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A.5 TO NEYPOBIOAOI'IKO YIIOXTPQMA TOY STARTLE

Onwg ovuPaivel oTIC TEPIGOOTEPES MEPIMTMGELS TOV  OVTOVOKAUCTIKMOV

dpovag, n TPOCTATELTIKY AElTOoVpYia Tov startle e€acpaiiletal, mpwTicTwS, Amd

10 Bpoyd XPOVIKO SLAGTNUO TOL TOPEUPAALETOL OVALEGO GTNV EUPAVIOT]) TOV

epebiopotog Kor oty €KONAMOTN TOL AVTAVAKAAGTIKOD, KoODG Kol omd TNV

HEeYAAN ToyvTNTO pe TV omoia avtd mpaypatonoleitor. Ot 600 avtég 110N TEG

tov startle Poacilovior otV amAOTNTO KOl GTO OOMK(O YOPUKTNPIOTIKA TMV

VELPOVIKAOV KUKA®UATOV OV givat vrevhuva yio TV ardvTnon.

Metd 1t yopnynon Tov aKOvoTIKOV gpebicparoc eivar  dvvatoév  va

TopaTNPNooVUE GYedOV Aueca (20-50 ms) to TpdOTO GTOKED TNG OTAVINGTG

(Wwitepa to eyeblink). T va givat dvvartn) poe odvinom T0V OPYOVIGLOV, GE

EMIMEDO KIVNTIKOY GLGTNUATOS, 1| omoia yapakTnpileTon amd T GLUUETOYXT] OAOV

TOV COUOTOS GE TOGO GUVIOUO XPOVIKO SLAGTNUO, CMUAIVEL OTL TO VEVPOVIKA

KukAdpota tov startle yopaxtnpifovtar and dSopég mov eivar oe Béon va

petapépovv toyvtata: A) To input, HEGHO TNG OMOWNGONTOTE OUCONTNPLOKNG

0000, kot B) ta output o11g dapopetikéc puikég opddec Tov cmuatog (Yeomans
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et al. 2002). H PBaocwn ooun ywo v amdvinon tov startle Bpioketor ctov

SIKTLMOTO CYNUOTICUO TNG KOTAMOKNG - OVPOLNG YEQUPOG

(PnC): H ovykekpiévn doun eivarl yvoot) oy PBiprloypagio wg poayiaios
OIKTOMTOS TOPNVOS THS Yépupas. Mia PAAPN oto emimedo TOL CLYKEKPIUEVOL
TUPNVO TAPEUTOSILEL OPIOTIKA KOl QUETAKANTA TNV TPOKANGN TNG AVTiOPo™G
(Davis 2006, Lang 1995, Lang, Davis & Ohman 2000). Yrmev6vvn yuo v
ardvtnon eivor  pla opdda yryaviaiov vevpovov tov PnC. Tlpdkerton yio
VELPMVEG, 01 omoiotl yopaktnpilovtal amd TIg HEYOADTEPES JOCTACELS MG TPOG
oAOKANPN TV doun tov diktvwtoh oynuatiopov. (Lingeholf & Friauf 1994,

Yeomans & Frankland 1996).

Ymootmpiletar, ®ot6c0, OTL ToL OedOUEVA, TO OO0l  TPOEPYOVIOL OO T
epebiopata tov mepiPdirovtog, petadidoviar otov PnC oamd acOntnprakode
vevpaveg, emiong, eydang dwapétpov. ITo cuykekpluéva, ol v Adym VeEVPMOVEC,
HES® aOvav e LYMAN GVYKEVIP®GT LoeAivNg, petafifalovv v TAnpogopia
otov PnC amd duopopetikong asOntnplokods Tupiveg ToV GTEAEYOVS, OTMG
etvar 0 omic010¢-Ko1MoKOG KOYALKOS TLUPTVAG TOVL BoAPOD GTO KAT® TUHO TOVL
OTEAEYOVG KO Ol poryloiol Kot KOIAMOKOl TUPVES TOV TAELPIKOV ANUVIGKOV TOL
oteléyovs. Ilpmtictmg o apuddio yoo T0 akovoTikd startle (acoustic startle)

Oeswpeitonr  pion opdda  vevpdvov pe peydAn  dduetpo- avdioyn TV
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wpooavaeepfivimv- ¢ aloOntnplokng poipag tov koyAMa. Ot cvykekpiluévol
vevpaveg ivar vebBuvor yuo v peTddoon tov epebiopatog and tov KoyAa
(6pyovo vTOdOYNG NG TANPOPOPING) TPOG TOLG EVOIAUECOVS A1GONTNPLOKOVG

TopnveS (Tupnveg mov pecoAafovv peta&d tov koyAa kot tov PnC).

Koatémy e agifemg e aioOntnplokng TAnpogopiog 6Tov paylaio SIKTumto
TUPNVA TNG YEPLPAG, Ol YIYOVTIOIOL VELPMOVES UETAPEPOLY TNV TANPOPOPia
dpeca Kol EUUEGO GTOVS KIVITIKOVG VEVPADVES TOV GTEAEYOVG KOl TOL VOTLOIOL
poedod (Eyqua 4). Kébe yryavtwaiog vevpavog yopoktmpiletar amd évov
vevpacova peyGAmV Olootdoemy, o omoiog OtakAadiletal, eEacpaAilovrtag
YMAOES TEMKEC OMOANEES OE  EKATOVIAOEG KIVNTIKOUG KOl EVOLAUEGOVG
vevpaves. Ta YopaKTINPIOTIKA TOV OVOTEP® OOUMDV TOV VELPIKOD GUGTILOTOC
elval tétola, mov odnyobv otnv cbvbetn amdvinon tov startle, oe KwNTIKO
eninedo. H ev Adyw oamdvinon opyovovetoar Pacet evdg peydiov oplOpov
VEVPIKOV GULUVAYEMYV, IKOVOV VO UETOOMCOLV TOYLTOTO Input SLPOPETIKNG

QUoEmC, KOOGS Kol output 6€ va LEYAAO HEPOG TV HVAV TOV GAOUATOG.

Avtikpoovoueva, wotdco, SoPaivovTal To. GUUTEPAGLOTO, OVAPOPIKH LE TO

eqv mapepuPaivovy AOTIKEG SOUEG GTNV TPOTOTOINGT) TOL OVTOVOKAAGTIKOV.

27



v

Mev pwveg T
s InTn prakng
poipeg Tou

koyAla

|

Evliapecol
aoOnmpuakot
MU P VEE TOU
OTENENOU ¢

'

Payctiog
Suktvwtdg
U prves g

yEdu pag

}

KuvnTukol
VEU PUIVES TOU
vwtiaiou

L ek

28



Type 4. Zynpatiky avortopioTacn TV VEVPOVIKOV SOU®V, ot onoieg ivat vrevBuveg yia to

0KOVOTIKO startle Kot Tng Aettovpytkng 610d0)NG TOVC.

AcBevelc, yio mapdodetypa, pe ektevelg PAGPeg otov €yKEPOAKO (OAOL0,
eKONA®VOLV ot VIEPPOMKT]  EKONAMOT TOV  OVTOVOKAQGTIKOD  0pVvidlov
gYKAEIoHOV TV BAEPApOV, KaOOS Kol avEnpévo xpdvo egotkeimong. AvtiBétwg,
apeotepomievpeg  PAafeg tov  kpotapikov  Aofoy, otov  omoio
ocoumepAaUPAveETOl O OKOVOTIKOG (OAOLOC, TOPEUTOOILOVV TO GLYKEKPUYEVO
avTOVOKAOOTIKO. X pio vevpoyvyoloyikn nedét tov Liegeois-Chauvel, Morin,
Musolino, Bancaud kot Chauvel (1989), otnv omoio. cvupeteiyov acOeveic pe
KOAQ TPOGOI0PIGUEVEG PAAPES GTOV EYKEPAAKO PAOL0, KATEANEAV GTO TTOPIoUOL
o0t M amdvinon tov startle eaptdTon, g €va Pabuo, amd TG mEPLOYEG TOV
OKOVGTIKOU (PAO100, KOOMDS Kal od TIG TPO-KIVNTIKEG KOl KIVNTIKEG TEPLOYES TOV
petomoiov Aofov. Mo avaroyn perétn ntov ekeivn tov Andersen, Knight kot
Merzenich (1980), n omola &ENyaye 10 ocvumépacuo OTL O EAEYYOG TOL
OVTOVOKAOCTIKOU EYKAEIGHOV TV PAe@dpwv eléyyetal amevbelag amd tov

OKOVOTIKO QAOLO LE EMPPON| €L TOV KAT® O1dvVUioL TOV TETPAdVEOV. Q0THGO,
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ELPNUOTO LETOYEVESTEPMY UEAETAOV OOMYNOAV GTNV OTAOTOINGT TOV &V AOY®
KUKADUOTOG, Y1oL TNV 070l £YIvE EKTEVIG AvAPOPE avOTEP®. AEOOUEVOV OVTOV,
TO KUPLO VELPOVIKO LTOCGTPMUE TOL OKOVGTIKOD OVIOVOKAUGTIKOD alpVidlov
gyKAEIopoL TV PAe@dpmv cuvoyiletal adpd oty oicHntnplokn poipa Tov
KOYAlo, GTOV KOYAOKO TUPNVA, TOV POYLOL0 OIKTLOTO TVPNVA TG YEPLPOS KOL GE
KWV TIKOUG VEVPAOVES TOL votiaiov pvedov (Zynua 3) (Lee et al. 1996, Koch

1999).

[levikdtepa, Bo pmopovGaLLE Vo TOVUE TOG TO OVTOVOKANGTIKO OPVISIUGHLOV
(eyeblink) omotedel éva @owvopevo mov dwopecorafeitar amd OOUEG TOL
npochov eykepdiov. H miaoctikdtnto tov, 10 kabotd oe €va evdlopépov
CUUTEPLPOPIOTIKO  HOVIEAO  HEAETNG  MOAOTAOK®OV  YVOOTIKOV Kol
CUUTEPIPOPICTIKAOV  AELTOVPYIDV, ovumeplhapPavouévng ¢ eneepyociog
eEmTEPIK®V YEYOVOTOV UE cuvaloOnuatikn a&io yio tov opyaviopd (Davis 1998)
Kol TG «OmOnonc» tov TAnpoeopilakov Bopvfov amd adidpopo acHNTPLOKA

epebiopata (Swerdlow et al. 1992b).
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A.6 MEOOAOAOTI'IEX METPHXHX THX AITANTHXHX:
AIIO TO STARTLE XTO EYEBLINK

H nepapatikny ypnon evdg dgiktn, o¢ eminedo @uotoroyiag, eaptdral, o€
peydio Pobud, amd v SuvaTOTNTO TOGOTIKOTOINGCNG TV QPUOIKAOV TOV
YOPOKTNPIOTIK®OV, viobetdvtag peBodoroyleg LTOAOYIGHOV T®V OmOi®V 1
epappoyn amodewvoetal agomotn péso otov ypovo. H Pifloypapio €xet
emkevipwbel otV mocotikomoinon g andvinong tov startle, avanticcovrog,
pésa otov ypdvo, moAvapfueg pebodoroyies yio v avddelln Tov Pactkdv g

YOPOKTNPICTIKDV.

Bdoel Tov ev AOY® avayK®V TOGOTIKOTOINGNG NG TEPUUATIKNG EPELVAGS, T
oVVOETN amAvVTNOT O€ EMMESO KIVNTIKOD GUGTHUATOC, OCTATOL GTO, EMUEPOVS
otoyeio, Ta omoia. TNV ocvvBétouy kot e€locmvetal uovo pe éva amd ovtd. To
otoyeio avtd eival o aevidlog eykielopoc towv Prepapwv (blink 1 eyeblink)
(Agnoli et al. 2007) kot amoteiei TO oTOYElD, TO OMOi0 pmopel va
nocotwkoromBel. O aipvidlog eykAelopog Tov PAEQAp®V cuvicTatal 6To OTL O
neploPBaApikog pog (orbicularis oculi) cvomdtal, pe apEidpopo TAPEUTOSIGUO
tov podg (levator palpebrae) mov odnyel otnv aviywon tov Prepdpov (Berg &

Balaban 1999, Ekman & Friesen 1978). To eyeblink aroteAel éva amd o mpdto
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otoyeio Tov startle, oe enimedo KIVNTIKOV GLGTNUOTOG, KOl EVEPYOTOIEITOL €1G
andvinon &vog awpviolov kot évrovov gpebicuatoc. H avotépm avrtidpaon,
Eexwvder va gpeaviletar petald tov ypovikov dwaotnuatog towv 30 £éwg 70 ms
0o TNV TPoLGia Tov gpebicpatoc TpoOKANoNG (0TOVG EMipVEG 0 YPOVOG AVTOHG
avtotoyel ota 12ms) (Berg & Balaban 1999, Davis 2006). Oco mio peydin,
wotoco, civar M €évtaon Tov gpebicparog mpoOKANong, TOcO WO dpeca
eKOMA®vETOL 1| AvTidpaot, 1 omoio elval SuVATO Vo TOPOLGLAGTEL KAl EVTOG TOV
ocuvtopov dwotnuatog twv 20-25 ms. O oOpog startle, oty Piproypaopia,
YPNOLOTOLEITAL GLYVE Y10l VO TPOGIIOPIcEL Kal VoL TOVTIOTEL pe Tov Opo startle

blink.

“Eyel avamtuybel Evog emapkne aplOuoc pebddwv, pe okomod v emitevén Tov
EVIOTIOUOV TOV KIWWNOEWMV TOV PAepdpov mov oyetilovion pe to eyeblink
(Anders, Weiskopf, Lule & Birbaumer 2004, Balaban 1996, Lovelace, EImore &
Filion 2006). Qot660, 1 néB0dOG ekeivn OV YPNOLOTOLEITOL TEPIGGOTEPO O’
OAeg oTOV AvOpmmo givar To nAektpopvoypaenua (EMI), evd, aviifétog ta (da
tonofetobvtonr  péoa o€ EWIKO  KOTOGKELOOUEVOLS  KA®PBOLG,  OTOL
TPOYLOTOTOLEITOL KOTAYPOP TNG GVOTACTG TOV HUMV OAOKAN POV TOV COMUOTOG.
To nAextpopvoypdonua (Zynuatoe 5 & 6), péom Mg €QOUPUOYNS SVO

niektpodiov mEPE tov 0POUAIKOD KOYYOL (KATmBeV TOL KAT® PAePapOv),
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KATOYPAPEL TOVG HEGOVG OPOLG TV OUVAUIKAOV TOV TEPLOPOAALIKOD HVOG
(Blumenthal, Cuthbert, Filion, Hackley, Lioo & Van Boxtel 2005). H avéivon
MG KOTOypaeng outfig EmTpemel vo  Olakpivovpe TOAVAPIOUES TOGOTIKEG
petoPAntég oe oyxéon pe ™V Evraony Kol Vv toydtnTo. s omavinong. Ot
TOPAUETPOL, Ol OTOIOL  YPTNOCLUOTOOVVTOL OVAPOPIKA HE TNV HETPMNON 1TNG
évtaong tov startle, eivor 10 mAdtog ko to magnitude tng anavinone. Ocov
a@opd oTov VIToAoyoud tov TAATovg o€ mill volt, ektypudtor pévo to VyieTo
onueio Tov SLVAUIKOD, TO OO0 KOTAYPAPETOL EVIOC TOV YPOVIKOD TANIGIOV
EKONA®ONG NG amavtnong n 1o mpoto HEYeto dvvauko (pick), to omoio
Katoypaeetol petd v Evapén (onset) g andvinong (Berg & Balaban 1999).
O 6pog magnitude avaEpetol 6 Evay VITOAOYIGUO TOL HEGOL OPOV TNG EVTOONG
OA®V TOV OTAVINGE®V, cLUTEPIAaUPaVOUEVOV, €KTOG eKElvOV oOTIg omoieg
EVIOTIOTNKE O GUYKEKPIUEVT] TIUN TAATOVG Kot OGOV €K T®V ONOlMV OV
v pée amdkpion Tov opyavicpov (Berg & Balaban 1999, Meincke, Light, Geyer
& Braff 2005). v nepintwon xatd v omoio 0ev evromiletatl pio amdvrnon
tov startle, n Ty Tov magnitude givon ion pe 0, evod, avtBéTmg, 6To TAATOG deV

amodideTon Kopion TIu.

Q¢ mpog Vv TayvTNTO TOL eyeblink, n KatapéTpnon Tov Tpaypotomoteital pe

TOV  VTOAOYIOUO OVO  dapopetikdv  mapapétpov: A) Tov ypoévov mov

33



nopeUPaiieTon peta&d g mopovcioong tov gpebicpotog TpOKANoNG Kol TNG
Evapéng g NAEKTpOLLOYPAPIKNG Kataypagng (onset latency) kai B) tov ypdvov
mov pecoiafel avdpeca oty eueavion tov gpedicpotog TPOKANGNG Kol TOL
HEYIGTOL OLVOIKOV KOTOYPOPNG, KOTO TNV €KONAMOT TOVL AVIOVOKAMGTIKOV.
Ext0c t00v avotépo peyebov, vmapyet po, emmAL0V, TAPAUETPOS EKTIUNONG TOV
eyeblink kot agopd omv mbaviotyta s amavinons. H ev Moym mapdpetpog
YPNOUOTOLEITAL PE HUKPOTEPT] GLYVOTNTO, GUYKPIVOLEVT] LE TNV £VIACT] KOL TNV

TaYOTNTO.

["a 10 okomd g pérpnomng tov blink pmopodv va ypnoyomomBodv kot
OPICUEVEG TEYVIKEG LIKPOOVAALGNG, 01 omoieg Pacilovtol 6TV KIvHaToypaenon
tov mpoodmov. Kdmoleg ek tov omoiwv eivar ot pebodoroyiec ywoo v
Kodkomoinom g ovuneptpopdg tov tpocdnov (FACS tov Ekman) (Ekman &
Friesen 1978, Ekman, Friesen & Hager 2002), kabmng wor mn  wAipoko
a&toloynong mov mpoteivetal amd tov Essex (Essex, Goldsmith, Smider, Dolsky,
Sutton & Davison 2003). [Tapdra avtd, 0 aplBUoOg TOV GYETIKOV dNUOCIEVCEDY
etvan kpog (Ekman, Friesen & Simons 1985, Essex et al. 2003). Axdpo kot
ONUEPO, TO NAEKTPOLVLOPPAPN L amoTeELel TNV HEOOOO EMAOYNG TOV EPELVNTAOV

(Agnoli et al. 2007).
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[Tapd T0 011 Eexvdpe amd €vav yevikd opiopd g andvinong tov startle, n
omoio. ouVOEETOL pE TNV Asrtovpyio. GULVOC TOL OPYAVICUOV, 1 £pgvval
(ew0wkd oy Youyoroyia) eotidlel og éva poévo ovotatikd otoryeio. To otoryeio

oo, €tvat To avTOVOKAQGTIKO 01PVidlov eyKAEIGHOV ToVv PAepdpav (blink).
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Yyqpoe S (Aprotepa). [apatnpeiton n tomoBétnon TV NAeKTpodimv KAT® 0md TOV 0QOUAUIKO

KOyyo emi T0v TEPOPHUAUIKOD HVOG Yo TOV EVIOTIGHO TOL eyeblink tov de&loh Muicemg Tov
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npoownov (Lang, Bradley & Cuthbert 1997). "Evo emumiéov niextpddio tomobeteiton oto
UETOTO Kot amoteAel T yeiwon (oynqua mpocapuocpévo amd: Blumenthal TD, Cuthbert BN,

Filion DL, Hackley S, Lipp OV & Van Boxtel A, Psychophysiology, 2005, 42, 1-15).

Yynpa 6 (Agdra). 1o oynpo anetkovileTol 0 TEPLOPOUALKOG LV KOl O EMCTAGTIKOG LG TOV
aplotepov Muicemg tov Tposmmov. [opatnpeital, emmiéov, n Ton0BETNON TOV NAEKTPOSiOV
KAT® amd tov oeOaAUIKO KOYYO €Ml TOV TEPLOPOaAKOD HVOG Yo Tov evtomioud Tov eyeblink

ToV 0e&100 Nuicews Tov Tpoodnov (Lang, Bradley & Cuthbert 1998).

H emioyn, Tov Tp®TOYOVOL 0WTOD OVTOVOKANGTIKOD, TO 0T0i0 £ival KOO o€
Lo kot avOpomovg (Davis et al. 1982), oqaivetar apketd omlovotevuévn
dedopévne g ovvletne amdvinong Tov startle oe emimedo KvnTIKOV
ocvotuotos. Evtovtolg, vmoomnpiletal amd 1oyvpd EMYEPTUATO, TO OTOin
oxetioviar pe v upeBodoroyia. ITo ovykekpiuéva, TO OVIOVOKAMGTIKO
a1eVidlon eyKAEIGHOL TV PAEQPAP®V KoTAypAPETAL €OKOAN GTOV EVAAKO KOt
amotekel évo amd ta oToryEln TG amdvinong Tov startle, Ta omoio avOictavion
¢ pog Vv eEowkeiwon. EmmAéov, €xel amoderybel mg éva otabepdc deiktng yo

v pétpnon tov startle (Blumenthal et al. 2005, Lang 1995), pe anotéleospa va
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anotelel t0  Poocikd oTOEl0 EMAOYNG TOV EPELVNTAOV, GE TMEPITTMOELS
katapetpnons. Emmpoctétme, n ev Aoyw pebodoroyia £xel kpbel a&omot yo
v perétn tov cvvaucOnuoatog (Cuthbert, Bradley & Lang 1996, Filion, Dawson
& Shell 1998, Gard, Germans Gard, Kring & Patrick 2007, Grillon 2008, Lang
1995, Lissek, Orme, Mcdowell, Johnson, Luckenbaugh, Baas et al. 2007,
McManis, Bradley, Berg, Cuthbert & Lang 2001, Springer, Rosas, McGetrick &
Bowers 2007) kot g mpocoyns (Ashare, Hawk & Mazzullo 2007, Balaban
1996, Filion, Dawson & Shell 1993, Lang, Simons & Balaban 1997, Ornitz
1999), kaBmOG Kat yio PeEAETES TOV TPOAYUOTOTOLOVVTOL YEVIKOTEPO GTOV TOUEN TNG
yuyopvotoroyiog (Davis 1984, Davis, Hichcock & Rosen 1987, Dawson, Schell
& Bohmelt 1999, Kettle, Andrewes & Allen 2006, Lang et al. 2000, Ornitz,
Russell, Yuan & Liu 1996, McDowell, Brown, Lazar, Camchong, Sharo, Krebs-

Thomson et al. 2006).

XV mopodco EPEVVNTIKN €pyacia, 0o €0TIAGOVUE GTO OVTIOVOKAMGTIKO
a1pvidlov gykielopov tov PAepdpov (eyeblink), to omoio exAveton péc® ™G
OKOLGTIKNG ousONTNPLaKnG 0000, amd TNV TOpAy®mY| TOXE®V, EVIOVOV AELKOV

PUT®V, TOLG 0TOI0VG OVOLALOVUE TAALOVG.
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MEPOX B

O AIXOHTIKOKINHTIKOX HOMOX KAI

H ITPOITAAMIKH ANAXTOAH

B.1 H TIPOITAAMIKH ANAXTOAH
TOYANTANAKAAXTIKOY AI®NIAIOY
EI'KAEIZXMOY TQN BAE®APQN

Metd TV avaAvon TOV SOUIKOV KOl AEITOVPYIK®OV YOPUKTNPIGTIKAOV TOV
startle, kaOdc Ko T@V PEBOdIMY TPOHKANONG Kol LETPNONG TOV, Elval CNUOVTIKO
vo.  Jloo@NVIcCOLHE  TOVG AOYOUC Yl TOLG OmOloLE 1 €pevva  T®V
NevpoemoTNUOV ETEOMGE GNUAGIO 6T UEAETN VOGS “OmTAOV aVTOVOKANGTIKOD”
(startle). Evog ovtovokAaoTikoy, TO0 Omoio OomoKOAOVUE «AVTAVAKAQGTIKO
OLPVIOIoV EYKAEIGLOV TV PAEQEAP®VY.

To startle, etvan duvatdv va petafandel and dapopetikég cuvOnkes. Qotdco,
N épesuva  €xel eoTldoel, KLplwG, OTIC UETAPOAEG NG  AmMAVINONG  TOV
AVTOVOKAOGTIKOD, Ol 0Toieg apopohy oTNV €VioyLoN 1 TOV TAPEUTOOIGUO TOL
Kot eEnyodvion PAoel punyavicudv g TPOGOoYNG M/Kol Tng evepyomoinong,

KaOdg Kol Tov cLVOIGOHATOG, 01 0Toiol OeV GYETILOVTOL LE TO AVTOVOKAUCTIKO
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(Ornitz  1999). Xmmv Yuyoioyia, ewdwotepa, mn amdvinon Ttov startle
ypnowonoteitar ¢ Osiktng ektiunong tov  UETAPOA®V  aVLTAV, TOV
TapaTNPovVTal 6€ £Ninedo PuyoPLGI0A0YING KAl YUYOAOYIK®V SEPYACIDV.

"Hom, to 1863 o Sechenov (Sechenov, 1863-1965) mepiéypage Eva @aivouevo,
Bdoetl tov omoiov o AVTAVAKAAGTIKE HITopoVGaV VO TPOTOTONO00V GNUOVTIKA
eCartioag petafordv oto acOntnplokd mEPPAAAOV TOL LTOKEWEVOVL. g
avtifeon pe TNV Aoy MOV EXIKPATOVGE EKEIVI TNV EMOYN, ATOJELYTNKE, TMOG TO
OVTOVOKAOCTIKA 0V €lvol OTEPEOTVTEG Kol OUETAPANTES OVTIOPAGELS, OAAG
petapdriiovior amd £vo cOVOAO TEPIPAALOVTIKOV CLVONKOV Kol ®G €K TOVTOV,
YUYOPUOIKAOV GLVONK®OV, TOV TPONYOVVTOL 1] TOL ETAANOEVOVTOL TOVTOYPOVA LE
mv ekdnimon| tovg (Ison & Hoffman 1983).

Apyng yevopévng tov peretov tov Graham kot Davis (Davis & Astrachan
1978, Graham 1975), and ta ypovia ¢ dekaetiog tov 70 ko émerta, 1 épevva
™G petafoing g amdvinong tov startle mapovsialel ekbecioxn avénon, edv
AnoeBet vroyn o apBuoc twv dnuocievcewv (Filion et al. 1998). O Graham,
e101koTEPQ, VTOoTNPILE OTL N petafoAn tov startle eivon duvatdv va BewpnBel wg
éva. onuovtikd epyoieio yuoo TNV KOTOVONGN TGOV UNYOVICUAOV 7OV &ival

vevBovvol Yo v petdooon e tAnpoeopiag (Graham 1975). H cvykekpiuévn

39



dmoyn Ppnke €Qappoyn omnv £PELVO TOV OEPYOCLOV TNG TPOCOYNG KOl TOV
cuvalcOpatog TV OOV Kol TdV EVIMKOV avlpaTmy.

[T cvykekpéva, oc petafoin tov startle pmopei vo oprobel ) petaffoir) Tov
TAATOVG 1)/Kot TOL YPOVOL TOL TOPEUPAALETOL AVAUESO GTNV EUPAVICT] TOL
gpebiopatog mpOKANONC KOl TNG ATAVTINGONG, OTAV TO €PEBIGUA OV TPOKOAEL TO
OVTOVAKAOGTIKO ETETAL ] GLVOOEVETAL OO Eva GAAO epEBaLa, TOV TPOTAALO, TO
omoio yopnyeitat e d1apopovg TpOToVS (AmTIKA, ONTIKA, akovoTikd) (Dawson et
al. 1999). Zruepa E€povpe (Dawson et al. 1999) 611 n adénon 1 0 AvacTOAY TOV
startle e€aptatal e peydro Babuod amd to ypovikd ddotnua (lead interval) mwov
napeuPaiieTon avapeoa oty Evapén (onset) tov mporaipov (lead stimulus) kot
otV évapén tov ekAutikov gpebicpartog (startle stimulus). Ewdwotepa, 6o mo
Bpoayy eivan 10 cvykekpipuévo ddotnua (short lead interval), oniaodn g tdEemc
tov 30 ms pe 240ms, t6co mio €viovoc Ba elvar M avaoTOA TOL
avVTOVOKAACTIKOV. AvTiIOéTmc, M ocvveyng kot emi pokpdv yopnynon &vog
TPOTOALOV TOV omoiov N évapén evromileton petacd tov 500ms pe 2 sec (long
lead interval) amd to startle stimulus, xaBopilel o avénon g amdvinong
(ab&non tov evpovg tov AA) (Filion et al. 1993, 1998, Hoffman & Wible 1969,
Graham 1975, Graham et al. 1975, Braff et al. 1978, Harbin & Berg 1983). To

@ovopevo, to omoio yapaktnpilel Tov mopepmodicud tov startle, eottiog g
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YOPNYNOMNG €VOG TPOTaAL0D, elval yvootd otn 01ebvn Bifloypapio wg prepulse
inhibition (PPI) ko onpaivetr Ilponaipkn Avactoin (IIIIA). Evo, n avénon g
OmAVINGNG TOV OVTOVOKAOGTIKOD, TOL OQEIAETAL GTOV TPOTAAUO, EIVOL YVOOTY
og prepulse facilitation xot onuoaiver IlpomoApikr] Awevkdéivvon (IITIA)
(Hoffman 1997).

Qg ek 100T0V, 0 OpOo¢ Ilpomari ik Avacton (ITITA) Tov aviavakAacTIKOD
a1eViooLv eYKAEIGHOV TV PAEQPAP®V avAQEPETOL GE O LEIMOT TOV EXPOVE TOV
eV AOY® avVTOVOKAQCTIKOV, 0TV €va oyeTikd acBevég epébioua (TpomaApog)
nponyeitar katd 30 - 500ms tov €viovov exkALTIKOD gpebicpatoc (TaApog)
(Hoffman & Wible 1969, Graham 1975, Hoffman & Ison 1980, Ison & Hoffman

1983) (BAéme T0 axdAovBO Zynua S).
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Tyqpe S. ZynUotTiKy  ovOTopAcTacT] TOV  OVTOVOKANGTIKOD OlpVidov eyKAEGHoh TV
Prepdpwv (A) Kot NG TPOTOAUKNG OVAGTOANG TOL CVTOVAKAQGTIKOD oLpVIOIon £YKAEIGHOD
v Brepdpov (B). O mporaipodg mpénetl va mponyeitoar kord 30 — 500 ms tov maipov (short
lead interval) yio vo vdpyel avOGTOATIKO OTOTEAECUN. XE HECOOOTHOTO Gved Tov S00 ms
(long lead interval), to omotélecpo emi TOL OVTOVAKAOGTIKOD Elvol EVIOYLTIKO Kot OYL
avaotaAtiko (Filion et al. 1993, 1998, Hoffman & Wible 1969, Graham 1975, Graham et al.
1975, Braff et al. 1978, Harbin & Berg 1983). O mpomaiudc, eniong, mpémnel va amotedel Eva

epéDiopa Ppoyeiog ypovikng S1APKELNG Kot LIKPOTEPTG EVTAONG GE GYECT] E TOV TOAUO.

Ta pecodwwotiuoato  HETOED SVO  ekAVTIKOV  gpebiopudtov  (TOApdV),
Kopoivovtar, ocvvifog, peta&y 15 émg 20 sec (Braff et al. 1978). O
TPOYPOUUATIOUOS YOPNYNONG OLUPOPETIKAOV SOCTNUATOV GE UL GLVESPIL

KOTOYPOPNG TOL OVIOVOKAOGTIKOD Opvidlon eyKAEIGHOD TV PAEQAP®V €XEL ®G
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anotéleopo v peiowon g e€oweimong (habituation) tov. To yeyovdg avtd
Bewpeitar moAd onuovtikd oty épguva, KOODS ETTPENEL TOV VIOALOYIGHO NG
[ITA vrd cuvOnkeg, Katd TIg 0moieg TO EVPOG TOV AVTAVAKAAGTIKOU 0PVIdov

gyKAEIoHOV TV BAEPApaV glval o oTadepo.

Ye ovvnkeg epyoaotnpiov, &vag OKOLOTIKOG TPOTAAUOS yopnyeiton emi
€04.povg evac cuveyovs Pactkov BopvPov (background noise). Qg ex tovTOL, N
évtaon tov mpomaAipol kabopileTal, kATA KOTMOWV TPOMO, Omd TN SPOPd
avépeca oty évtacrn tTov PBacikod BopOBov kol 6TV TPAYUOTIKY £VTAGT TOL
nponaApoV (Mansbach et al. 1988, Davis et al. 1990, Swerdlow et al. 1993b
Braff et al. 1999, 2001a). Katd x0Opio Adyo, €xer dwmiotmbel mwg 660
pHeyoAVTEPT €ivat 1 €vtoon Kot 1) OLPKELNL TOV TPOTOAUOD, TOGO TEPIGGOTEPO
avéaverar ko to wocd g IITA (Hoffman & Wible 1970, Reiter & Ison 1977,
Sanes & Ison 1979, Grillon et al. 1992, Swerdlow et al. 1993b, Reijmers &

Peeters 1994, Blumenthal 1995, 1996, Dahmen & Corr 2004).

Tovg aKOVOTIKOVG TPOTOAUOVS UTOPOVUE VO TOVG dtoywpicovpe oe 600
Baowég katnyopieg: a) Xtovg Atakprrovg kat B) otovg Zvveyeic. Q¢ Atakpitog
opiletar £vag mpomaApndc, o omoiog mapovstalel cuykekpuévn Evapén kot ANEn,
eved petalh avtol Kot TOV TOAUOD PECOAUPEL «KEVO», KATA TO OTOI0 EVUTTAPYEL

pévo o Pacikog BopvPoc. AviiBétwg, Zvveyr ovopdlovpe Tov TpomaAuod, dtav M
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évtaon tov Pacikod BopvPov avidvetar mpoodevtikd pEXPL va yopnyndei o
TOAROG, Yopic vo pecorafel «kevd» odotnua PeTa&d TPOmaApoD Kot ToALOD.
Ot mpomaApol, eniong, eivar dvvatdv va yopnyoHvTal e OVO ELODV IUPOPETIKES
popeés: a) Qc puég Aevkov BopvPov, wor ) Q¢ TOVOL GULYKEKPIUEVNG
oVYVOTNTAG. AVOQOPIKA HE TNV TPOTN HopeY|, €xel omoderydel, péocw TV
OTOTELECUATAOV SOPOP®Y HEAET®V, OTL o1 pég Aevkoy BopvPov eivor mo
anotelecpotikég oty ékAvon g IIIIA, 1660 o€ vyeig minbucuodg (Wynn et
al. 2000), 660 ot oe acBeveig pe v voco g oyloppévelng (Braff et al.
2001a). I'ia To0 AOY0 010, AmOTEAOVV TO €100G TV TPOTOAUDYV EKAOYNG GE TOAA

EPELVNTIKA TPOTOKOAALL.

H IIITA eivon éva co@péc kot e0p®OTO TMEPOAUATIKO (UVOUEVO, TO OTOL0
eupavifetar akodpa kot Kotd tn owdpkelo Tov vmvov (Silverstein, Graham &
Calloway 1980). ITapatnpeitar oe OAla Ta ONAacTiKd, €iTe 0 TPOTAAUOS KOt O
TOAULOC TTpoépyovtal amd TNy 0 aoOnnplaky 006, &ite omd JSPOPETIKN

(Graham 1980, Hoffman & Ison 1980, Blumenthal & Gescheider 1987).

Qo1660, vIdpyovy apketd kot afldmoTa dedopéva OTL 01 EVAMKES GVOPES
napovstalovv vyniotepa emineda [IIA ce cOyKplon pe TIG EVAMKEG YUVAIKES
(Blumenthal & Gescheider 1987, Swerdlow et al. 1993a, Abel et al. 1998, Della

Casa et al. 1998). Eivar onuavtikd vo onueliwbei mog 610 yovaukeio eOAo To
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enineda g [IITA mowkidovv avdroya pe TNV @ACT TOL EUUNVOPLCIAKOD KUKAOD.
[Ipoxettar, pdMota, yia £va yeyovog mov 0Etel TOALES POPEG TIG YuVaTKES EVOVTL
TOV AvOpOV €KTOG Epeuvag, KoBmg dev amotelobv 10 afldmoto ekeivo detypa,
Baoel tov omoiov pmopovv va otabuictovv ta anoteléopota g A, Ze
perétn tov Swerdlow et al. (1997a), dwamot®Onke OTL O yvvaikeg Exovv ta
avotepa enineda ITITA, 6tav Katd T O10pKELN TOL EUUNVOPLGLOKOD KOKAOV, TO
TOGOGTA TV OLGTPOYOVMV KOl TNG TPOYESTEPOVNG TTAPOVGIALOVTOL QVENUEVOL.
Baoilopevolr oy ev Aoym mapatipnon, 0o frav duvatov v S1opopPOGOVLE
v vrdbeon, 0Tt o younid enineda [TIA oyetiCovror evdeyopévag pe GAANG
QUGEMG YLYOPLGIOAOYIKES KO YVOOLOKES OAAAYEC TTOL TAPATNPOVVIAL GTIG
YOVOIKEG GE SLAPOPES PAGELS TOV ERUNVOpLGLakoy KOukAov (Kimura & Hampson
1993). Avdaioya evpfpato vrapyovv oamd peréteg oe (M, Ol OmOieg
OTOOEIKVOOLV TG Ol OPGEVIKOL apovpaiot mapovstdlovy vymAdTEp EmimeEd

[ITA og avtiapafoirr| pe tovg Onivkove (Koch 1998, Lehmann et al. 1999).

[Mopduetpol, dmwg, 1 €évtacr, n SdpkKew Kol TO €005 TOV TPOTAAUOV, TO
dtoTnuo petalld mpomaApnol kol ToAUoV, oAAG Kot To dtdotnua petald 6vo
EKATIKOV gpeBiopdtev, kabmg kot o1 S1Popés HeTalh TV dV0 PUA®V G TPOG

o emimedo g IIIA, dSbvatar va enmpedlovv onuovtika v [IIIA,
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OTOTEAMVTOG, MG €K TOVTOV, KPIGOLS mapdyovieg o€ O,TL aQopd GTOV

OYEOOGO LEAETAV KOl TNV EPUNVEID EVPNUATOV.

A&ilel, ek16¢ TOV OVOTEP®, VO TOVIOTEL TG 10 Qawvouevo g IIIIA odev
amotelel amotéleopa pabnong, kabmg svuPaivet, 10N, and v tpodTy £kbeon oe
éva, cOUTAOKO TTPOTaALOL — TaApov (Blumenthal 1996) kot dev vmokeiton og
andcPeon petd and €kBeon tov opyavicpol og emovorappfavopeva cOUTAOKN
epebopatov. H TIIA pmopel va peretndel oe ovvOnkeg epyaoctnpiov Kot
yopokmpiletar oamd oomotio, otabepotnTa Ko emavoAnyipudtro. H
a&lomotio dSvvnTIK®OV QavoTLTKOV deikt®v, O0nwg N TIITA (Cadenhead et al.
1993) og vyeic mAnBvopode elval onuovtikny, TOCO Y T GUYKPION LUE
naforoyikovg mANOvoUohS, GTOLE OMOIOVG TETOOV €IO0VE YOPOAKTNPOAOYIKOL
(trait) deikteg emnpedloviot amd TNV KAMVIKY KOTAGTACT), OGO KOt Y10 TIG LEAETEG
oKoYeEVEIDV, KaBmG évac vevpoPloroyikdg oeiktne, omwc n IIITA, pmopei va
TPOocdMGeL 1Y 6e YeveTikég avaavoelg (Young et al. 1996). 'Epevveg, eniong, ot
omoieg de&nyOnoav otov Topén TG AVaTTLEINKNG WYLYOAOYING KOTd TNV dEKETIO
tov ’80, amédeiav OTL o1 SudIKOGIEG TNG TPOMAAUKNG OVOGTOANG Kol TNG
TPOTOAUKNG gvioyvong wpiualovv mepi v nhkia tov 8 etov (Anday, Cohen,
Kelley & Hoffman 1989, Graham,Strock & Zeigler 1981, Hoffman, Cohen &

Anday 1987, Ornitz, Guthrie, Kaplan, Lane & Norman 1986).
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B.2 YYXO®YXIOAOTI'TA THX ITPOITAAMIKHX ANAXTOAHZX:
O AIXOHTIKOKINHTIKOX HOMOX

H yuyoeucioroyia g IITA apopd otnv akdAovdn diepyacio: O mpomaipnds
EVEPYOTOLEL  OVTOUOTO.  OVOGTOATIKODG — UNYOVICUOVS 7OV  UELOVOLV TNV
SloTAcTIKY emidpacn mov €xel M AEEn emepyouevav epebicudtov péypt va
oroxkAnpwBel n emeEepyosio Tov mpomaApov (Graham 1975). Ov unyovicpot
avtol eEacpaiilovv pio TANPN OVOALGT TOV OESOUEVOV amd TNV TAELPE TNG
avTiAnyng, arokieiovtag v mapefoin evog omolovdnTote AAlov epedicpatog
nov gpeaviletal, ypovikd, ToAD Kovid otov mportaipd (Graham 1975, Graham
1992, Graham & Hackley 1991). Me tov 1poémo avtd, dSwceoiiletar 1
eneEepyacio TOV TPOTAALOD (TNG TANPOPOPINC) Kl O OPYAVICUOSC TPOCTUTEVETOL

amd oeOnnplokn «wrepEdpTOSN (sensory overload).

0] KEVTPIKOG aVTOC VOO TUATIKOG UNYOVIGUOG, ovoudletal
AweOnrikokivntikdg HOog (Sensorymotor Gating) kot Bpioketon ot Pdon tov
AVATEPOV YVOOTIKOV AEITOVPYIDV 6ToV dvBpomo. O asOntikokiviTikdg NOUOG
KAVEL OpATA TNV TOPOVLGIO TOV, OTMG TOV UETPAUE AVTIKEIUEVIKO GE GLVONKES
gpyaompiov, pe v pébodo g Ilpomaipikng Avootorrg (ITTTA) Tov

avTOVOKA0oTIKOD a1pvidlacpov (AA). Tvetal, 1on, @oavepodg evtog 30ms omd
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NV Tapovcio vog acOnTkov epebicpatog (Tov TPoTaALoD), ILE OTOTEAEGLLO VO,
wponyeitar ™G €vapéng tev pnyovicpmv mpocoyns. O nbuodc Aettovpyet,
EMOUEVMG, OO TO, PO GTAd0 €16000V-enesepyacioc g mAnpoeopioc. O
pOLOG TOV givar 01TTOG, KOOMC, apevog mpootatedel To KNX amd v evdeyopevn
emPapuvon mov pmopet va vmootel, AOY® NG éAevomg adlpopwv gpedicudtmv
(epebiopata mov dev amEYovV YPOVIKE TOAD amd TOV TPOTAAUO) KOl APETEPOV,
BonBd v mpocoyn vo ETIKEVIPAOVETAL EMAEKTIKO GTIC MO CMUAVTIKES Y10, TOV
opyaviopd mepiParroviikés mAnpoeopies-epebiopota (Swerdlow 1996, Braff
1999, Granholm et al. 1999). Oco oaviavetar tO HECOIAGTNUO HETAED
TPOTOALOV-TTOALOD, TOGO avéavetal kot to mocod g IIIMA (peyorvtepog
OVOGTOATN NG ekONAmong tov eyeblink Adyw mpomaApov), pe obvnbeg péyioto
nocd IIIIA va emrvyydvetor evtdg tov Swotudtov 120-150ms. Ze
HLEGOOIACTILOTO  TTPOTAAUOV-TTOALOY KAT® TV 50-60ms, mpoxaieiton ITITA
(avaotoAn g ekdniwong tov eyeblink Adyw mpomaApov), addd Bewpeitor OTL
OgV EUMALKOVTAL UINYOVICHOL TG TPOcoYNG. AVTIOETMC, 0E LEGOSIOGTILOTA (VM
tv 60ms, daugaiveton Toc o povopevo g ITTA vrdkettor kot oty enidpacn
unyaviopmv g ntpocoyns (Thorne, Dawson & Schell 2005). Kdéto and mwoly
€101kéG ovvinkeg, Bewpeitol TS 01 UNYOVIGLOL TNG TPOGOYNG KAVOLV 0paTH TV

Tapovcio Toug kol o€ pecodtactiuata Tov S0ms (Bitsios & Giakoumaki 2005).
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INUOVTIKEG  YOYXOPLGIOAOYIKES  HeAETeEG, avaeopikd pe tv  IIIIA,

EMKEVTIPOVOVTOL GTO OLLYWPICUO OVALESH GTNV «OKOVGL GE GUYKPIOT LE TNV

«ekovow» M «eleyyOuevny IIIA (Callaway & Naghdi 1982). Yno

CLYKEKPIUEVEG TTEPONATIKEG cLVONKES, £xel damioTmBel Twg 10 mocd g [ITA

av&avetal 0TI TEPITTMOELS TOV 0 ekdotote £€eTalONEVOS E0TIALEL TV TPOGOYN

tov o6tovg mpomaipnovg (Dawson et al. 1993, Elden & Flaten 2002, Filion,

Dawson & Schell 1993, Filion & Poje 2003). g vyieig mAnBvcspovg, n &v Ady®

avénomn amd TV EvEPYOTMOINoCT UNYOVIGUAOV TNG TPOCOYNG Tapatnpeitor novo

otav pecorafodv  peydra ypovikd dwotnuota (>120 ms) petagd TV

epebiopdrov mporaipnov-roipov (Dawson et al. 1993, Filion, Dawson & Schell

1993). Ocwpeitar, ®oT000, OpKETE MOAVO, Ol E£YKEPOUAIKOL UNYOVIGHOL TOV

puOuilovy TV «ekovol avaeoptkd pe v «akovowoy [IIA va dteépouvv

oNUOVTIKA. NELPOATEIKOVIOTIKEG UEAETEG GE VYLEIG CLUUETEYOVTEG KATEOEIEAY

avénuévn evepyomoinon tov petomoiov eiowov (Hazlett et al. 1998, Hazlett et

al. 2001a, b) ka1 Tov BaAdpov (Hazlett et al. 2001b) vtd cLVONKEG «EKOVGLACH

IMITA. Kotd v deaymyn tov 01wV HEAETOV, avTimapéfariiay TOLS VYIElS

ovppetéyovieg pe aocBeveig pe oyloepéveln. KOl TOPOUTAPNCAV  UELOUEV

EVEPYOTOINGT| TOL LETOTIAIOL PAO10V.
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Ta yapaktnplotikd yvopicpota tov aieOntikokivntikod NOpov kabe atdpov
Bempovvtar 0Tt 61BéToVY Kdmolov Pabuod mlactikdtnTo Ko Kabopilovtal amd
éva cLVOLAGUO TTEPIPAAAOVTIK®V Kot YEVETIKAOV opayovimv. [lpdyupatt, n [IIA,
mov Bo Afyope mwg amotedel TNV EKEPOcT TOL ocHNTIKOKIVNTIKOV MOp0D,
oyetiletan pe otoyeio tov yapakmpa (Cadenhead 1993), xon eivor gvaicOntn
o€ aVOTTLELNKOVE TAPAYOVTES, OTMG Ot eykepaAkég PAGPec (Lipska et al. 1995),
N Kowwvikn anopdvoon (Geyer et al. 1993) «otd v mpoun nikio, Kot n
dwtapayr ™S PloynuUikng 16oppomiog TOL KEVIPIKOD VELPIKOL GULGTNUOTOG

(KNZX) (Swerdlow et al. 2000b).

‘Epevveg tov tedevtainv 20 etdv éxovv amodeilel Ot Ta v AOY® QotvopEVaL
yopaxktnpiCovror and pio cvvBetdTNTA, N OMoia Oev pmopel va eEnynbel povo
Bacel TV QUOIKAOV 1O10THTOV KOl TOV YOPUKTNPIOTIK®V, OVUQOPIKA E TOV
xpovo, tov lead stimulus. MeAéteg TOV €XOVV OC OVTIKEILEVO TNV TPOTOALIKN
OVOGTOAT €(OVV OTOOEIEEL, YIOL TOPASELYLLO, TOC 1) OVOGTOA| OEV OVTOVOKAG
LOVo TV SpacTNPOTNTU TOV UNYAVICUMV TOV TPOTNYOOVTIOL THG TPOGOYNS, OAAA,
EMIAEOV, UTOPEL VO OVTITPOCSHOTEVEL KOl EVOV OeikTN Hog TPMOIUNG SLodKaciog

eotioong g mpocoyng otov tpomaAind (Filion et al. 1993, 1998).

Evd, Bsopodpe mmg M TPOMOAUKY OVOGTOA| OMOTEAEL TO OMOTEAEGLQ

OVOOTOATIKOV  UNYOVICUADV, Ol O0moiol mponyobvtal TNng TPOCOYNS Kot

50



EVEPYOTOLOVVTOL OO TOV TPOTAAUO™ avTIOETMG, AAAN QoavOpeva, OTMG lval N

eEoweimon 1N N amovcia evepyomoinong wg mpog epebiopata mov gpeaviCovrol

oe HKkpn ypovikn andotacn MeTaEh TOvg, €&nyovvionl HEGH  EVOOYEVMV

e TNPLLKOV UNYOVIGUAOV TOV avTavakAacsTikoy (Ornitz 1999).

To amoteléopota TOV TPOKOHATOVY OO TNV TOPOVGIN EVOG TPOTOAUOD GTNV
amdvtnon tov startle Bpickovv gpappoyn katd TV HEAETN TNG TPOGOYNG GTOVG
eviiAikeg avBpomovg kat ota {da (Balaban 1996, Filion et al. 1993, Filion et al.

1998, Winslow et al. 2002).

B.3 ITPOITAAMIKH ANAXTOAH KAI NEYPOYYXIKEX
NOXOI

To epeuVNTIKO EVOLAPEPOV GTNV TPOTAAUKY] OVOGTOAN, TO OO0 TPOKVITEL
amd TNV TOOTION NG KE Evay 0ELOTIOTO OEIKTN TOL UETPA TOV OGO TIKOKIVITIKO
nouo, &xetl dieyepbel amd evpNUOTA TOL TIGTOTOLOVV TG SUTAPOUYES LLE YVOOTN

dvoiettovpyion o€ OOUEG TOV €YKEPAAOV, Ol OToieg gvéyovtal otn pLOUIoN NG
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[IITA,  ocvvodevovion amd evoeielg UHEIWUEVS YVOOTIKNG, KIVNTIKNG 1)

OGO TIKOKIVITIKTG OVOIGTOANC.

H Tlpomoipikyy Avactolny (ITTTA) éxer amoderyBel, pécm teKunpLOUEVEOV
HEAETMOV, EAAEUUNOTIKY, o€ acbevelc pe yoywon, Omme givar 1 oyxlloppévela
(Braff et al. 1978, 1992, 1999, 2001 b, Bolino et al. 1994, Kumari et al. 1999,
2000, Weike et al. 2000) ka1 o acOeveic pe cvvapelg datapoyés, ol omoieg
yopaktpiloviar and dvcAettovpyieg oty Kivnon Kot o€ emTeMKéC depyaociec,
omwg eivor m pvAun gpyaciog. v Koatnyopio ovt) ovikovv ocBeveic pe
nadnoeg, Ommg N oylloTumn dSatapayn g mpocwmikodtnTag (Cadenhead et al.
1993), n youyavaykaoTikn-Katavaykaotikny oatapoyn (Swerdlow et al. 1993 b),
n owmoAkn owatapayn (Perry et al. 2001), n peiov katabAmtikny dwotapoyn
(Perry et al. 2004), n dwtapay” mavikod (Ludewig et al. 2002), n vocog tov
Huntington (HD) (Swerdlow et al. 1995¢), n voktepivi] evodpnon Kot dtatopoyn
eMeppoatikng tpocoyne (Ornitz et al. 1992), 1o osvvopopo Tourette (Castellanos
et al. 1996, Swerdlow et al. 2001b), o Prepapdonacpog (Gomez-Wong et al.
1998), ot un-emnmtikég kpioeg (Pouretemad et al. 1998) ki, mbavov, n

dwatapoayn peta-tpavpatikov otpeg (PTSD) (Grillon et al. 1996).

Ot avotépm droTapayés yopaktpilovtal, COUTTOUATIKE, ATd OVETAPKELD

TOV  YVOOTIKOV  IKOVOTHTOV, KoOMG Kot omd  OLCAEtovpyios  TOV
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aoOntikokvnTikod N0V, 1 omoio GLVOEETAL LE TIG TAPATNPOVUEVES OVOUOAES
TOV KUKADUOTOG TOV EUTEPIEXEL TIG OOUEG TOV PAO100, TOV PUPIMTOV COUATOC,

™mg axpag oPaipog Kot ™mg YEQUPOG
(CSPP). [Ipdkettar yio To KOKA®U, TO omoio dtapesorafet v ITITA (Swerdlow

etal. 1992).

B.3.1 TIPOITAAMIKH ANAXTOAH KAI YYXQXH

H extiunon g IITA £€yer amoderybei moAvTO epyareio oty peAétn g
oylloppévelag, aeevoc AOY® TNG UEYOANG OLVAQPELNG TOV  VELP®VIKOD
VTOGTPAOUOTOS TOVG KOl OPETEPOV AGY® TOL YEYOVOTOC OTL M SLOTOPOYUEVN
eneEepyacio YVOOTIKOV Kol KIVITIKOV TANPOPOPLOV ATOTEAEL KUPlopyo KAVIKO
yvopiopo g vocov. [lapott dev sivanr caeég av ov oxlloppevels acbeveig
yopaktnpiCovrar and dwtapoyéc ommv mopatetapévn (sustained) mpocoyn
(Callaway & Naghdi 1982), omwg owgpaiveror kAvikd kKot vrd KoBeGTAOC
TEPALATIKOV cLVINKOV, pLeavifouy HEIOUEVT] IKOVOTNTO VO GIATPAPOLYV 1 Vol
«omwBovvy gomtepikd Kol eEmTepIKA epebicpata, kKaOMG Kot deVTEPEVOVCES

OKEYELS, MOTE Vo, UV gloépyovtol otn ocvveidonon (Venables 1960, McGhie &

Chapman 1961, Braff et al. 1978).
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Ot aoBeveic mov mdoyovv and oyllogpévela TapoLSALovY AVOUAAIEG GTNV
TPOTOALKNY OVAGTOAY], VIO TNV TOPOVGia VO Tpomadpov (prepulse inhibition),
1060 OTIC TEPUTTAGELS GTIG OToieg 1 dadikacio emttedeiton avTOUATA, OGO Kol
OTIG MEPIMTMOELS OTIS OMOIEC TO VOKEIUEVO KOAEITOL VO E0TIAGEL TNV TPOCOYN
T0V 6¢ gpéfiopla pe ovykekpléva yapakTnploTikd. Mewopéva emineda TITTA,
&xovv, emiong, damotmbel oe oloppeveic, ite Ta epedicparta ivarl akovoTikd,
elte etvan antkd, eite niexktpodepuartikd (Braff et al. 1978, 1992, 2001a, Grillon
et al. 1992, Bolino et al. 1994, Kumari et al. 1999, 2000, Weike et al. 2000) 71
KON Kol OTOV TOGO 0 TOAUOS, OGO KOl O TPOTAALOS apopovV oTnv idta (intra-
modal) 1 dagpopetikny (cross-modal) oweOnmplaxn 066 (Braff et al. 1992).
Awrtapayés omv IHIA acBevov pe oyloppéveln €xovv, emmpocsOitmd,
amoderyfel TOG0 oe ocLVONKEG YOPNYNOMG ouvveEX®V, OGO KOl OOKPLTOV

npomoipav (Braff et al. 1978, 2001a).

Yuyo@uG10A0YIKEC LEAETES, MOTOGO, EGTIOGUEVES GTO POAO TNG TPOCOYNG MG
npog 1N pvOuion g IIA o voco, emPePaincav Eva euEovadc dPOPETIKO
potifo, amd eKeivo mOL, GLYKPITIKE, TapoTnPEiTal 6ToVG VYlElC TANnBvouovG.
‘Eto1, 0 Dawson kat ot cvv. (1993) dwamictocav avénuéva enineda g [ITA o¢
VYIEIC avOpDOTOVG, OTAV 01 dEVTEPOL AAUPOVOY TNV TEPLOPLOTIKN 0dNyia va Exovv
OTPOUUEVT TNV TTPOGOYT TOLG GTOLS TPOomoApovc. Enpdketto yia éva gvpnua, 1o
omoio dgv emoAnfednke otV opdda TV acbevdv pe  deyvoouévn
oylloppéveta. To ev Adyw amotélecspa eAEyyOnke Kot € puo EmOUEVT] LEAETT TNG
dlog opddag acBevov (Dawson et al. 2000). Xtnv ovoeepdpevn pehétn,

evromiotnKe ol ovoyétion HeTa&d g avemapkovg avénong g IIIIA, oty
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TEPIMTOON 7OV 1 TPOGOYN MTAV GTPOUUEVT] GTOVG TPOTOAUOVS, KOl GTNV
coPapoTNTa TOV TAPUANPNTIKOV OEDV, TNG ATOOI0PYOVOUEVNG OKEYNG KOl TNG
Kayvmoyiog tov oylloppevov, Omm¢ ovtd  extiundnkov pe v Bpoyeio
KAipoka Extipnong Yoyatpikov Zountoudtov (Brief Psychiatric Rating Scale
— BPRS). H avemopkng avénon g IIA pe v eAamm evepyomoinon tov
UNYXOVICL®OV TPOGOYNG OTN VOGO TNG GYLLOPPEVELNS, GLVOIEVETOL OO UELOUEVT
gvepyomoinomn tov petomiaiov Aofov, m omoia £xel dwmotwOel omd TNV
epapuoyn g peBodov ¢ Topoypapiog Exmounng Ilolitpoviov (Positron

Emission Tomography — PET) (Hazlett & Buchsbaum 2001).

Tpeig, emiong, épevveg (Braff, Stone, Callaway, Geyer, Glick & Bali 1978,
Braff, Grillon & Geyer 1992, Grillon, Ameli, Charney, Krystal & Braff 1992)
EVIOTIOOV UELOUEVT] TTPOTOAUIKY] OVAGTOAN GE VOONAELOUEVOVLS acOevelg e
YOY®on, Vo cvvOnkeg TOONTIKNG TPOGOYNG, KOTA TIC OMOieC yopmyovvTay
gpebioparta, olywg vo VIEpPYEL N VIOYPEWGST, OO TNV TAELPA TV acBevdv, va
E0TIAGOVV TNV TPOCOYT TOVE GE GLYKEKPIUEVO €pEDioUO. XT0 1010 GLUTEPAGHLO
katéAnge ko poe petayevéotepn peiétn (Dawson, Hazlett, Filion, Nuechterlein
& Schell 1993), oty omoia cvppeteiyav acBeveic pe oylloppévela, ot omoiot
elyav Aapel e&impro and 1o vocokopeio. To ev Adym yeyovdg amodeikviel Tme,
TO GUYKEKPIUEVO QPOIVOUEVO OTOTEAEL o amdOEln) ELOAWTOTNTAG TPOG TNV
YOYWOOT, EPOGOV 1] UELOUEVY] TPOTOAUKY OVOGTOAN GLGYETI(ETOL pe €Al
enefepyacio. TOV  SPOP®V  TANPOEOPIOV KOTA TNV OSAPKELDL YOYOTIKOV

EMELGOOIMV.
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EMeippota oty tpomomoinon tov startle mapovsialovral, eniong, o€ Gtopa
VYNAOV KvObvov yia T vOGo G olo@pEvElnc, oTo Omoia, OUMG OV £)El
wpaypatonombel Sidyvmon g cuyKeEKPIEVTG VOGOL. Ot HEAETES, OTIG OmOlEg Tal
VTOKEIUEVO, TOL GLUUETEXOVV OVIKOVV G€ OUAOES LYNAOD pickov Yia T VOGO,
avédvovtol cuveymc oe aplipod, 010TL TaPOVSIALOVY CUOVTIKE TAEOVEKTLLOTOL.
‘Eva €€ avtdv, glval 1o yeyovog 0Tt Ta €V AOY® DTOKEILEVO OEV EYOVV VTTOGTEL TIg
ocuvéneleg oG xpoviwag Bepameiog pEC® NG YOPNYNOMNG  OVTIWLYXOTIKMOV
eoapuakwv. ‘Eva dg0TeEpO MAEOVEKTNUO aQOPE GTNV OTOVGIO LOKPOYPOVIOG
voonieiog T@V TPoavapepBEVIOV VTOKEWEVOV GE YOYLTPIKEG KAVIKEG. €AG
YOPAKTNPIOTIKA - TPOUTOOECELS Y10 TNV ETAOYN TOV ATOU®V LYNAOD KIvOHVOL
Tov evtdyOnkav oTic avetépm Epevvec, Beopndnkay ta e&ng: A) To avndovikod
ocuvaicOnua, B) n andonacn g aviinmrikng wovotntag kot ) - poyun
okéyn. Q¢ xAipoka alloddynong ypnowomomOnke ekeivnp tov Chapman
(Chapman & Chapman 1987, Chapman, Chapman, Kwapil, Eckblad & Zinser
1994). Ot Simons xot Giardina (1992) dwmictocav 011 6 vmOKeipeva e
EMEILUUATO OTNV AVTIANTTIKY IKOVOTNTO, 0ALL Y0pic avndovikod cuvaicOnua, to
omoio. Ppioxoviav vmd ovvOrkec mabnTiKNG mpocoyng, M VmapEn evog
TPOTOALOD TPOKAAOVGE OVOGTOAT TOV OVTOVOKANGTIKOD opVidlov €YKAEICUOD
TV BAepdpov (N andotacn TPOTaApoy - moipov nTav 120ms), aArd oyt 610

Babuod mov mapatnpeiton 6To HEGO OPO ATOUMV EVOG VY10VC OelypaTOC.

Ot Cadenhead, Geyer kot Braff (1993), mapatipnoav mapdpoto eAAeipporto
OTNV TPOMOAUIKY] OVACTOAN, o€ dATopo pe oywloTumikn Ootapoyn NG

npocomKOTTOS, TO. omoio Ppiokoviav, emiong, VIO ocvvONKeg TOOMTIKNG
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npocoyns. Ot Schell, Dawson, Hazlett ko Filion (1995), die&niyayov pelétn oty
omoio. cvppetelyav véor pe péco O0po nilkiog 19 etdv ko katéAnéav oto
CLUTEPAGLO OTL 1] HLOYIKT OKEYT ATOTEAEL £val 10(LPO YOPAKTNPLIGTIKO, TO OTO10
ovoyetileton pe v tdomn (EVOAMTOTNTO) TPOC SUTAPAYES TOV PACUATOC TNG

oylloppévelag (oylotasin).

2ovaen, 0oTOCO, EVPNUATO, OVOPOPIKH LE CNUOVTIKG HLEIOUEVO ETITESD TNG
[IITA, vmp&av ce pn Yyoymwoikovg mpdtov Pabuod cvyyeveig oxlloppevav
acBevayv (Cadenhead et al. 2000), yeyovog mov xabiotd tv IIITA éva
ONUOVTIKO KOl £YKVPO EVOOQOVOTLTIKO deikTn Yo yeveTikég peréteg (Braff &

Freedman 2001).

Anpocigvosig AvacToAn ToV startle AvEnomn gvpovg Tov startle

Bohlin ko Me gvtoln Tpog Ta

Graham(1977) vmokeipeva, Pacel g

Hackley ka1 omoiog TpEmeL vo. eTIAloVV

Graham(1984) TNV TPOGOYN TOVE GTO
epébiopa mov Tpokarel To
startle (maApog).

Anthony (1985) KdéBe popd mov mponyeitat tov

OVTOVOKAQGTIKOD OLPVIOIIGHLOV,
éva gpébiopa, katd 50-800ms,
T0 omoio yapaktnpileTon mg
acBevég (mpomaipdg). To
televTaio Ogv dvvaTol va
TPOKOAEGEL TO OVTOVOKAOGTIKO.

Anthony kot Graham | Otav n aieOnnprokn 060G Tov
(1989) TPOTAALOD £ival OLOPOPETIKN
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amd v aeOnmplak’ 060 Tov
gpediopotog mov mpokalel To
AVTOVOKAQGTIKO (TOALOC).

Anthony ko Graham
(1985)

AvOpodmiva TpOcOTO, Ko
LLOVGIKE KOUUATLOL TTOV £XOVV
onuoscio (TpokaAovv 10
EVOLAPEPOV), TO. OTTOT0L
YPMNOLLOTOLOVVTOL O
TPOTAALLOL.

Ewovec opoyevoug
APOUOTOG Kot KaOapmdV
TOVOV TOV YPTCLOTOI0VVTOL
G TPOTOALLOL.

Simons kot Zelson
(1985)

AvOpomva copato diymg
EVOLLLOLTA, TOL OTTOT0L
YPNOLOTOLOVVTOL G
TPOTaALLOL.

Ewdveg pe kalabia ko
AL ovdéTEPO OVTIKEILEVL
OV YPNGLOTOLOVVTOL (O
TPOTAALLOL.

Filion, Dawson o
Schell (1993, 1994)

Hynmtwol 16votl 6toug omoiovg to
dropo mpémel vo amodidet

TPOGOYN.

Tovot tovg omoiovg 10 dTopo
Oa énpeme va ayvonoet.

Ross (1961)
Spence ka1 Runquist
(1958)

Berg xat Davis
(1984)

Epébiopa aneyBés. Ayyog to
omoio &yel mpokAnOei Phoet
anexfov¢ epebicpatog

Lang, Bradley ka1
Cuthbert (1990)
Vrana, Spence kot
Lang (1988)

Ewéveg tov omoiwv 10
meplexOpevo €xet BeTikd cBEvog
(To amotéleopa etvor epEavég
Y10 XPOVIKA SLOCTLOTO
avapeca oto S1 kot oto S2 >
1s)

Ewéveg tov omoiwv 10
TEPLEYOLEVO EYEL APVNTIKO
60évog (To amotéhecpa
elvar epLeavég yuo xpovikd
dwotTpota ovapesa oto S
Kot 010 S2 > 1s)

Ehrlichman xai
Bastone (1992)

AvchpecTteg OGLEG
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Davis, Hitchcock kot
Rosen (1989)

Vrana kot Lang
(1990)

Ayymoeig dratapoyEs Kot
pofieg

Ornitz kou Pynoos

(1989)

Metatpovpotikny oyymong
dwTapaym

Patrick, Bradley kot
Lang (1994)

Amovcia gvicyvong g

QTOVTNTIKOTNTOG TOL startle og
dropo Tov £xouv dmPaEl

gyKApaTO

Simons ka1 Giardina
(1992)

Cadenhead, Geyer
ko Braff (1993)
Schell, Dawson,
Hazlett xou Filion
(1995)

EMeppotikn ikavotnto
TOPEUTOINGUOV OO TPOTAALO
KAl TNV O1dpKeL
SdIKAGIOV TOONTIKNG
TPOGOYNG GE ATOLLOL LE
dlTapay TPOCOTIKOTNTOG

IMivakog 1. Zovoyn 1oV cuvOnkdv avénong kot peimong tov avtavoakiaotikod startle.

[ToAAég peréteg €xouvv Olevepynbel pe okomd N Olepedvnon TS OYECNC

peta&y g IITA kot Tov yvooTikov datapaydv otn oylloppévela. Méow twv

ev My gpeuvav, €xel daumotmbel mwg ot dratapayég oty IITA cvoyetiovion

onuavtikd pe tig drotapoyés g okéyng (Perry & Braff 1994, Perry et al. 1999)

kot ™ OSwonactikotnto (Karper et al. 1996) oe oywloppeveic acheveis.

Mewopéva emineda g IIIA éyovv, emiong, mapatnpndei oe acbeveic pe

OCUYKEKPIUEVEG  VELPOYLYOAOYIKES  SroTaporyE,

Om®wg ekTynOnkav pe  TO
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[ToAvdrdotato  Epotuatordyio g Ipocomkodtntag g Mivvesodta
(Minnesota Multiphasic Personality Inventory — MMPI), (Swerdlow et al.

1995a).

Ev maparliiom, 018popeg £peuvec €xovv KATOAEEL GTO GUUTEPOUGOL TMOG TO
puetopévo enimeda e IIIA ot oxlloppéveln GuVOEOVTAL LE CLYKEKPIUEVOVC
IMNUOYPAPLKOVS TAPAYOVTEG KOl GUURTOUATA, OT®G glval 1 Evapén g vocov og
veapn] nikia (Kumari et al. 2000) kot n avénuévn mapovcio Oetikdv kot
apvnTtik®v copntopdtov (Braff et al. 1999). X oyxetikn| fiproypagia (Perry &
Braff 1994, Braff et al. 1999, Kumari et al. 1999), gv 10o0t01G, T0. AVOTEP®
anoteAéspato Topovctdlovior dTtd, KaOMG KATOEG Omd TIS TOPATNPOVUEVES
OLOYETIOEIS AmOdIdoVTIaL GE YOPAKTNPIOTIKA YVOPICUATH TOL TEPT OV 0 AOYOG
delyportog aclevav (). TEPLOPIGUEVO €DPOC MAIKIOG 1) CLUTTOUATOV, GTAOLO
MG VOGOV KOl 10TOPIKO Ogpameiag) 1 O€ OCLUYKEKPIUEVEG TEPUUATIKESG
nopeppaocelc. Ltov avtinoda, ©wotdco, Ppiokoviol T0 GLUTEPAGLOTO KATOL®MV
LEAETOV, GOUO®VO LE To omoia, Vapyovv acBevelg pe oyxloppévela, ol omoiot
dev  emPefordvovy onuavtiky peiwon tov emmédov g IITA. Eivou
aropaitto, BEPata, va avapepBel TG oTIg eV AdY® €peuveg ypnoiLpomo|OnKoy

TOAOTAOKOL  TEPOUOTIKOL  oyedlacpol kot 1 Aqym  tov  delypatog oOev
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wpaypatoromOnke pe avotnpd mpovpeva kprrnplo (Dawson et al. 1993, Ford et

al. 1999).

Bdoet d10popwv peketdv, eotiacuévav oe {da, dtoatvmmdnke n vtdbeon 0Tt
TOL AVTLIYLYOOIKE eappaka ovaotpéPouvv ) otatapoyn g [TITA otovg acbeveig
TOL VOGOVV oo Gy oQPEVELD. ZTIG EPEVVEG QVTES, Ypnooromnkay {da, oto
omoia mpokAnOnke dwatapayr g [ITA péow pog mowiiMog PopUOKOAOYIKOV
napepfdoemv  ota  vevpodwPifacTtikd GuoTHUATA, TO Oomoid, OTMG EXEl
dwmiotmbel, dvolettovpyodhv ot oyloppévewn. Kotd mpoto  Adyo,
TPUYLOTOTOMONKE GLOTNIKT XOPNYNOT AUECHOV KOl EUUECOV VIOTAUIVEPYIKMV
ayoOVIeTOV (amopopeivn kot apeetapivn), kabmg Kol GEPOTOVIVEPYIKMV
OYOVIOTOV 1N UN-GLVAYOVICTIKOV ovioyoviotdv tov NMDA vrodoyémv
(01looiAmivn), Kot Katd dgVTEPO AOYO, TPOKANONKAV KATUGTPOPES UE GTOYO TNV
eMiteLsn Hog STOPUYUEVIC OAANAETIOPOOTG AVAUESO GTO VIOTAUIVEPYIKO Ko
T0 yAOLTOHIVEPYIKO cvotnua. Ot dvo mpoavapepbeicec cuvONKeS &giyov ®G
amdppola  pia onuoavtiky peimon tov emnédov g [ITA (Swerdlow & Geyer
1998), n omoia, O6mwg mapatnpnOnke, NTOV SVLVATOV VO OVIIGTPOPEL UE TN

YOPTYNOT AVTIWYVYDOCIKAOV QOPUAKDV.

H avotépm vtobeon odnynoe tov Weike kot tovg cuvepydte tov (2000) va

ovykpivovv ta emineda g IIHIA =wévie wyoywowkov acbevov pe o&ela
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emdeilvaon, Avev QOPUOKELTIKNG oymyns, He ta emimeda tg IIIA eikoot
acBevov pe oylloppéveld vtd KOOECTMOG QAPUOKEVTIKNG Oy®OYNGS. AmO v
avaeepOLEVT Epguva TPoEKLYaV To akOAovBo cvurepdcpata: A) Ot vmo aymyn
acBevelg ekdNilwoav IITA e 16Eewg tov 50% oe cOykpion pe v opdada
EALEYYOL TOV VYDV, YEYOVOS OV onpaivel Tog ta enineda g [ITA tov ev Adym
acBevov eEakorovBovcsav va glval younAdtepa amd oVt TNG OHAOAS EAEYYOVL,
Y®Pi5, OGTOGO, VO TAPATNPEITAL GTATIOTIKE onuavTikny owgopd, B) Ot avev
ayoyng oacbevelg sxdniwcav minpn éidewyn IIIA, pe amoteAéopato mov
YOPAKTNPICTNKOV GTO GUVOAO TOVG GTOTICTIKA CTULOVTIKA MG TPOG T AVTIGTOTYO
™G opddog TV VY1wV, I') Alopdvnke onuavtikn BTk cLGYETION AVALEGH GTO.
emineda ¢ TIIA wor ) cofapdtnta TOV BETIKOV GUUTTOUATOV TS VOGOU.
Avtd onuowve g ot acBeveic pe éviova Oetikd cvuntopota Topovsialoyv,
tavtoypova, petwpéva enineda IITA, mapd to yeyovog 6t Bpiockoviav vd v
EMIOPOOT TNG PUPUAKEVTIKNG AY®YNS, A) Agv domioTdONKeE avAAOYN GLGYETION
petocy tov  emmédmv g IIMA kot TV apvnTIKOV CUUTTOUATOV NG
oylloppévelag, kabmg Kot TS yevikdtepng yuyoraboroyiag mov yapaxtnpilel
OLYKEKPLUEVT) VOGO. ZOUG®VO, LE TO OVAOTEP® ATOTEAECUOTO, B0 LTOPOVGOLE VO

KOTOANEOVLE G oL apyIkn VTOOeoT TMC N amaAolpn TV datapoymv g TITTA
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oTn VOGO NG oylloppévelag cuoyetiletor He TIC KAMVIKES OLVOTOTNTEG TMV

AVTIYLYOGIKOV QOPUAK®OV.

En’ apopung avtov, oevepyndnkav €pevveg oe ({da, péow TV OmoimV
STGTOONKE TOC 01 OAUPOPETIKEG KATNYOPIES OVTIYVLYWOGIK®V PAPUAK®OV, 0TS
elvalr ta KAOGWKG KOl To GTLTTO. OVTIYLYWOGOIKA, OpOLV UECH OLOPOPETIKMV
vevpodwfifactikdv cvotnudtov. Adym avutod, gival duvatdv va emEEPOVY
SPOPETIKA OmOTELESUATO GTNV amoKoTdoTacT TV dtatapaydv g IITA. "Exet
amoderyOel, yw mopddElypo, TOG TO KAOGIKO OVIWUYOOIKE, OT®MG 1
aAoTePIOOAT, PerTidvouy Ta YaunAd enineda g [ITA, To omoia TpokaAovvTat
amd TN XOPNYNoN VIOMOUVEPYIKOV aymvioT®v (Mansbach et al. 1988, Swerdlow
et al. 1994a), aALd Tapovo1AloVTOl VATOTEAECUOTIKA GTNV OVIIUETOTICN TNG
puetopévng IIITA, n ool wpokaAeitar amd ™ YoPYyNoN GUVKLKALSivNG (non-
competitive NMDA antagonist) (Keith et al. 1991). Ztov avtitoda PBpickovot
TOL ATUTTOL OVTLYVYWOIKA, Omm¢ M KAolamivn, ta omoia, AOY® TOVL EVPVLTEPOV
(QOPUAKOAOYIKOD  TOVG  YOPOKTINPC,  OlOPOIVOVIOL  OTOTEAEGUOTIKE — GTNV
aviuetomon g owtapayng g IIITA, mov oesihetar otnv  yopnynon
eowvkvkModivng (non-competitive NMDA antagonist) 1 opeetapivng (DA
releaser) oto (o (Swerdlow et al. 1991, Bakshi et al. 1994). Xe akdAovOeg

ovykprtikég peréteg (Kumari et al. 1999, 2000, 2002, Oranje et al. 2002,
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Leumann et al. 2002) peta&d KAOGIK®OV Kot ATUTOV OVTIYVYOGIK®V, Ol OTTO1E
Baciomkav otnv vtdbeon 0Tt T ATLTTO AVTIYLYWOGIKA O pTopovGaV €V duVALEL
Vo €lvol Mo OMOTEAEGUOTIKA OO TO KAOGIKA MG TPOG TNV OVIUETDTICT] TOV
dwrapayav g A oe acBeveic pe oylloppévela, dev dumotmOnke ovdepia
dwepopd. Toéco to dtuma, 660 Kol TO KAOGIKE OVTIWWOUXWOGIKO QOPLOKO
anoxotéotnoov v IITA tov acBevav oe enineda cvykpicua pe gkeiva TV
vywiwv TAnfvoumv. Ev tovtoig, vrdpyouvv kot BiAOypapikéc avagopis, GTIC
omoiec €Yovv KOTAYPOMEL KATOWOL OPVNTIKO EVPNUOTO, AlYOOTA o€ OplOuo.
SOUQOVA HE TIG €V AOY® OVOQOPES, M XOPTYNON AVILYLYMOCIKOV QUPUAK®Y OgV
eMPEPEL  oTATIOTIKG  onuavtiky Peitioon oto  elieippata g IIITA
(Mackeprang et al. 2002, Duncan et al. 2003). Qotdco, mpokeltar yio

TEPUTTAOGELS, KATA TIG OTOIEC, O MEPAUATIKOG GYEINUGUOC Oa pmopovoe va tebel

o apEGPTNO.

B.3.2 TPOITAAMIKH ANAXTOAH KAI
YYXANAT'KAXTIKH- KATANAT'KAXTIKH AIATAPAXH

[ToAAég peAétec éxovv OtevepynBel xatd to TapPeABOV OvVOQOPIKA LE TNV

vndBeon ovoyétiong g A pe v Yoyoavaykoaotiky - Kotovaykootikn
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Awtapoyn).

[Ipwtol, o Swerdlow kot ot cvv., TpoyHOTOTOIOVTOG 000 aveEdpTnTES
ypovikad peréteg (1993b, 1997b), cuvékpvav v TIIA vyiov poptopov pe v
IITA acBevav pe Poyavaykoaotikn - Katovoaykoaotikny Awtopoyn. Ommg
dwmictwoav oe Koabepio amd TIg peAétrec tovg, ol acbevelc mapovoialov
pewopéva enineda IITA oe avtumopafoin pe 1o delypa vyuwv. e avdioyo
anotedéopota katéAngoav Kor ot €pevveg tov Schall et al. (1996), ou omoiot
gkovay AGY0 Yoo pot kP, 0AAG CTOTICTIKG CNUAVTIKY HEIMON TOV EMMES®V
g IIIA o¢ acBeveic pe Yoyavaykaotiky - Katavaykaotiky Awotapoyn, o€

GUYKPLOT| LLE TNV AVTIGTOLYT OUAO VYUDV.

B.3.3 ITPOITAAMIKH ANAXTOAH KAI

ATATAPAXH EAAEIMMATIKHX
HPOXOXHY/YIIEPKINHTIKOTHTAX

‘Evag onupavtikdg aptBuog epevvav €xet AdPet ydpo Kotd 1o moapeAdov,
TPOKEWEVOL va damotodel edv vapyel cvoyétion peta&o g IITA kot g

Awrtapoyng EAlewpupatikng mpocoyng/ Yrepkvntikotntog (attention deficit
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hyperactivity disorder-ADHD). H AwTopoyn EMeupatikng
npocoyne/ Ynepkvntikdtrog epeavifelt ovyvd ocvvvoonpotnta  pe  €vav
ONUOVTIKO aplBUd VELPOAVOTTTVEINKOV OTAPAYDV, 0TS £lvol TO  ZVVOPOLOV
Tourette ko1 1 Nvytepwn Evodpnon. Atbeopeg peréteg, katd to moperbov,
&xovv eotiachel TNV GLVLTTOPEN TOV AVOTEP® OTOPOY®V HE TN Atotopaym
EMeppotikng mpocoyng/ Ymepkivntkomrog o€ ostypata acBevodv, ot omoiot

TANPOVV OAYVOGTIKA TIG €V AOY® GUVOT|KEC.

Ye po amd TG ev Aoy peréteg, o Castellanos et al. (1996) cuvékpvav Tpelg
EPEVLVNTIKES OUAOES OpPEVDV. XNV TPMOTN opdda avikay acBevelg pe Atatopoyn
EMeppatikng mpocoyng/ Y mepkivnTikoTnTag Kol GLVVOST)POTNTO Yio. ZHVOPOLO
Tourette. H devtepn opdda mepreldppove acbeveic mov elyav dayvwotel pLovo
vy Awatopayn EAAeippotikng tpocoyng/ Y mepKivnTikoOTntog Kot 1 Tpitn frov n
oudoo eréyyov mov amaptiloétav amd vyieig dppevec. MEGH TG GLYKEKPLEVNG
épeuvac amodeiydnke Twg 1 TPOTN KOTd aviioTotyio oudda, €iye OTATIOTIKG
onuavtikd pewwpévo eminedo IITA, cvoyetilopevn pe v dedtepn opdoa,

KaBdg ko TNV TpiTn OUAda TOV VYIDV.

Mo mpoyevéotepn perlétn tov Swerdlow et al. (1994b) katédeile mwg ta
enineda g IIIA oe o opdda evnAikov mocyoviov and Zovopopo Tourette

NTOV PLGLOAOYIKA, EVAD OVTIOETOG € Oeiyla aVAMK®OV TodldV Tov VOGOHGOV
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and 1o 1010 cuvdpopo ta rocootd g IITTA dumotodnkav pewwpéva, gite elyav
deyBel axovotikd epebiopata, gite eiyav vmoPAndei petayevéotepa (Swerdlow

et al. 2001a) otV dwa dradikacio, Aappdavovag epedicpota anTikov TOTOL.

O Ornitz et al. (1992) perétnoav v IIIA o€ 43 dppeveg, dayvoOSUEVOVC LE
ADHD, ex tov omoiwv ot 13 mapovcialov ocvvvoonpOTNTo Yo VOYTEPIVI
evovpnon. To ev Adym detypa to cvvékpivov pe pio opddo 17 appévov, ot
omoiot giyav dtaryvwcBel pévo yio voytepviy evovpnon, Kabmg ko fe [ opdado
VYOV HopTOp®V, M omoia amoteAeito amd 42 Appeves.  ZOUQOVO LE TO
CLUTEPAGLLOTO QTG TNG £pevvag, ol acBevelg, ol omoiot iyov dayvewcbel pe
AwTapayr| ™G voxTePIVIG Evovpnong, mopovcialav petwpéva enineda g IIIA,
aveEaptntowg ovvvoonpotroag Yoo ADHD. AviBétwg, m Awatoapoyn
EMeppotiknig mpocoync/ Y TepkivnTikOTNToG €V SLOmIGTM®ONKE VO EVEYEL KATOL0
polo ot pvBuon g IITA. Ev ocvveyeia, o Ornitz et al. (1999) perémmoav
TEPAUTEP® TN OYECT AVAUESH OTIC U1 QLGLOAOYIKEC petafoAég g TITTA kot ™
Awtapoyn TG VUXTEPIVIIG €VOLPNONG WE oLVVOGTPOTNTA Yo Atatopaym
EMeppatikng mpocoyng/ Y mepkivnmikdtntog. Xy ev A0ym pekétn 1o 31% tov
EVOUPNTIK®OV Kot T0 36% TV Un EVOupNTIKAOV appEvev giyov dtayvoodel Kot yio
ADHD. Zoupwva pe to  omoTteAéOUATO TG  OLYKEKPUEVNG  EPELVOG,

SOTIOTOONKE ONUAVTIKY] CLGYETIOT HETOED TNG VUXTEPIVIG EVOLPNONG KOl TNG
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dwrapayng g [ITA. Ot dppeveg, paMota, ot omoiot elyav dtoryvmwobet kot pe Tig
dvo datapoayéc, epedvitay yauniotepa enineda IITA oe cuykpion pe to detypa
appévev mov mopovcialav o610 16TOPKO TOug Hovo v Awotapoyn g

VOYTEPIVTG EVOVPNOTNG.

To mpoavapepBEv €OpnuUo CUVASEL LE TO EPELVNTIKA TOPIGULOTO TOV
Castellanos et al. (1996), kaBa¢ kot tov Adler et al. (1999). Avagopikd pe to
npoto mopwopa, m IHIA dev mopatnprOnke OSatopaypévn o€  Appeves
dwyvocuévovg pe ADHD, otav dev giyov cvvvoonpdtmro vy kdmowo GAAn
vevpoavantuélokn datapayr]. Ocov agopd 610 deVTEPO YPOVIKA TOPIGLO, TO
enineda ¢ IIA amodelyBnkav avEnpéva ce evAMKES SOYVOGUEVOLS LE
ADHD, og avtumopafoAn pe ekeivoug mOv OTOTEAOVCOV TNV LYW OWAdQ

eLEYYOV.

B.3.4 TPOITAAMIKH ANAXTOAH KAI
META-TPAYMATIKH AI'XQAHX ATATAPAXH

H avénuévn evaiobnocioa tov Avtavakiaoctikov Awpvidiacuod (APA 2000)

Bempeital amodederypéva Eva K TOV S0YVOOTIKOV KPITNPIioV UG omd TG T
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YVOOTEG VELPOTIKEG dOTAPOYES TNG OMOKOAOVUEVNG «META-TPOVUATIKNG
ayymoovg olatapoyns» (post-traumatic stress disorder — PTSD). Katd to
napeABov Exovv mpaypatonombel moALEG peAéTeS, 6TOYXOC TV OmoiwV MTav 1
dlepedivnon tov €Vpovg tov AA cg O1dpopeg Katnyopieg atOL®Y mov Elyav
dwyvoolet pe PTSD, O6mwg Mtov yvvaikes peTd amd ceEO0LOAKT emibfeon
(Morgan et al. 1997), modod (Ornitz & Pynoos 1989), xabac ko Betepdvol
payov (Butler et al. 1990, Grillon et al. 1996, 1998, Morgan et al. 1996). Ta
OTOTEAEGLOTA TV AVOTEP®D EPELVAV JEV VAL GQT. X& £va TOCOGTO €€ AVTMOV
dwmetddnke Twg 10 €0pog Tov AA Nrav petwpévo (Ornitz & Pynoos 1989), evad
o€ kdmoteg dAleg extiunOnke o puotoroykd (Grillon et al. 1996) 1 axdpa Ko
avénuévo (Butler et al. 1990, Morgan et al. 1996). Eminpoc8étwg, ta enineda g
[IITA eiyav a&lohoynbBel oe kdmoleg amd TG €V AOY® €PEVVEG MG PLGLOAOYIK(L
(Butler et al. 1990, Grillon et al. 1998), evod, avtifétwc, o€ évo GALO TOGOGTO,

anodetyOnkav petopéva (Ornitz & Pynoos 1989, Grillon et al. 1996).

e éva TpOTO gpeLVNTIKO gyyeipnuo Twv Ornitz & Pynoos (1989), o1 onoiot
ocvykpwvay €61 maudd pe dyvoon PTSD pe €&t vym moidid, dwmotddnkoy
dwtapayés g I[IIA oty Tpd™ KaTNyopion TodOV GE GYEon He TN devTEPN
katnyopia. Ev cuveyeia, o Butler et al. (1990), xpnopomoidvtag oKovsTIKA Kot

antikd epebicpata, avrimapéPoriiov to emimedo g I[MITA avapeca oe 20
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Betepavoug tov Bietvap pe ddyvoon PTSD kot oe 18 Betepdvovg ympig
dayvoon g ev AOY® daTapoyns, 0ALA Le avaloyn eunelpio o€ medio poymv. H
vrdBeom, 1 onoia eiye teBel mpog depedvnon, NTav Ot o1 PeTepAvol e ddyvaoon
PTSD, 0a gppdviCav peyordtepo €0pog 1/Kot PLeEl@pUEVO ovdo tov AA, og GYéon
pe v vym opdda eréyyov. EmPefardvovag Tpumpa tov de0TEPOV GKEAOLG TNG
vrdOeong, ta dtopa pe dryvoon PTSD mapovsioalav onuoviikd pHetopévo ovdo
Yoo TV €KAVGT TOL aKOLOTIKOD AA, aAAd dev epaviiov dopopéc 6To €0POG
TOV GUYKEKPIUEVOL OVTOVOKANGTIKOD, £iTe EMPOKELTO Yo TN GLVONKT KATA TNV
omoio YpNOLOTOMONKAY OKOVOTIKE, €TE YOO TN TEPIMTOON YPNONG ONTIKMOV
epebopdrov. Emmiéov, dwamotodnke mog ot dvo opddeg dev mapovoiolav
dwpopa ota emimeda g IITA pe akovoTIKOVG TOALOVS KOl TPOTOALOVS 1| UE
OKOVGTIKOVG TOAUOVG KOl OTTIKOVG TPOTOALOVS. Aty xpdvia apydtepa amd v
TPOYUATOTOINGN NG TPonyovpevng peaémng, o Grillon et al. (1996) cuvéyicav
TIG €PEVVEC TV TPOKOTOY®V TOVG, GLYKPivovtag HETAEDL TOVG TPELS VEEG
Katnyopieg atopwv: o) H npdtn kamyopia meprehdpPave 21 PBerepdvovg tov
Bietvap pe m duyvoon mc PTSD, ot omoiot dev eAdpfovay @appokeutikny
ayoyn, B) n o6edtepn kornyopio amotereito amd o opdoo Perepdvov TOL
Bietvap, ot omoiot dgv elyav dayvawcOet yio PTSD ko v) | katnyopio poptopwov

anaptildtav and o opdda amAav mtoAtdv. Oleg ot opddeg lyov cvykpiciLo
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€0pog Tov AA. ZOHQVA e TOL CLUTEPAGHATA TNG TpoavapepHeicas LEAETNG, M
dwyvoouévn pe tn dwtapayn opdda epeaviCe petopévn IIMA og oyxéon pe v
opddo EAEYYOL TOV OTAMV TOAT®OV, YEYOVOS TO OMOI0 OV ioyYLE KATA TNV
oLYKPION NG HE TNV TPiTn opddo TV pUn SyVOOUEVOV UE TN dlotapoym
Betepavov. Xta miaicwo pog oevtepng perétng tovg, o Grillon et al. (1998)
gpevvnoav TNV emidpacn Tov oKOTOvg O©T0 €DPOG TOV  AVIOVAKAOGTIKOD
apvidtospov kot oty IIMA otic i01eg Katnyopieg atopmv. e avtifeon pe v
TPAOTN TOVG HEAETN, SOTICTOCOV MG TO €VPOC TOV AA NTOV VYNAOTEPO GTNV
opdda pe TN ddyvoon e ayy®Ooovs SLTAPUYNG € GVYKPLIoT UE TIG 0V0 OUAdES
mov dgv glyav v gv Ady® ddyvmor. Qotdco, n %IIITA o di€pepe onuavtikd
HETOED TV TPLOV opddwy. EmumAéov, to oKotddl avEnoe 10 €0pog tov AA Kot
OTIG TPELS OUAOEG, OMOSEIKVOOVTAG TN UEYAADTEPN OOENCT GTNV Opddo LE TN
OlYVOOUEVT] UETO-TPAVUOTIKY ayydom owatapoyn. Oume, m mopdpetpog tov

okOToLG dev avnke va. emnpedler v TITTA.

Ta mowilo OmOTEAEGHOTO TOV AVOTEP® LEAETAOV, OVOPOPIKA LE TO eTimESQ
mg IHIA omv PTSD, Odwoawoloyovvior miBovov omd TiG OlpOPETIKES
TEWPOUATIKEG TOPAUETPOVG, Ol omoieg viobetnOnkav oe kabe perétm. o
napaderypa, eved o Butler et al. (1990) ékavav povipwg ypnom &vog cuveyovg

Bacwkov BopvPov évtaong 70 dB, otig dvo peréteg tov Grillon et al. (1996),
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(1998) dev avapépetar n vroapén avdroyov Pacuod BopvPov. EmmpocHitmc,
otn peiétn tov Butler et al. (1990) ypnowomombnkov vyniotepng £viaong
moApol Kol mpomoaApol o avtimapafoin pe OAEG TIG LIWOAOUTEG UEAETEG TOL
avoeEpOnkay. X pedémn, paaota, T@v Ornitz & Pynoos (1989), ov mpomaipiol
Nrav tévotr 1000 Hz, evd ot peAétn tov Butler et al. (1990), o1 mpomaipol nrav
putéc Aevkov BopvPov. Ev katakAeidl, mpémetl va avapepbel mmg, OTov o1 opddeg,
OVAUESO OTIC OToieg yivetal M cLYKPION, OPEPOVY MG TPOG TO HEYeBog Tov
€0povg TOL OAVTIOVOKANCTIKOV OpvVIdlcpoy oto  gpebicpata - moApovg,
Bempeital onUAVTIKO 1 GLYKEKPEVN TTOPAUETPOG Vo, AapupdveTon vdyn GToV
vroroyiopd g IIIIA. Onwg mpoavaeépbnke, 10 €0POC TOL AVTOVOKANGTIKOD
aPVISIOGHOV petmdnke, avéninke 1 Eueve apeTdfAnto otig ddpopeg peAETe.
Qg €K TOVTOL, N €V AOY® O10pOPOTOiNGT GLVEPAAAE eV duvdpel KaBOPIOTIKA GTO

anotéleopa g IITA, dnwg mapoatnpnonke.

B.4 H ITPOITAAMIKH ANAXTOAH QX ENAODAINOTYIIOX
I'TA YYXQXH

Kotd to tehevtaioa € amokoAVTTOVTOL OTOOOKE HOplokol pnyovicpol

eoawopévov, PBapvvovcag onuaciag, v vmopén tov omoiwv yvopilape
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maAoobev, yopis va eipacte og BEoM v EKTILOVIE TO TOGOGTO KAl TNV TOLOTNTO,
™G ovuPoiAny tovg otov avBpomivo opyaviouod. Térowov €ldovg popilaxoi
unyaviopoi Bewpovvtar o kpioeg (critical) mepiodor ot {on Tov avlpmmov,
0TI Omoleg cvpmeptlapufavovtal n euPpuikn, N TodIKN, KOO Kot N epnPikn
nAikia. Ot ev Aoyw mepiodor yapaktnpilovial o¢ kpicipol, o0t ot TowKiAeg
TOPOOIKES EMOPACELS TOV £6MTEPIKOV 1 eEMTEPIKOL TEPPAALOVTOG, Ol 0mOiEg
evoéyetat va, AdPouvv xdpa Katd T SIIPKELL TV XPOVIKOV OVTOV JOGTNUATOV,
OTOOEIKVOETOL TG EYOVV HaKpoxpovia 1| uoviun opdom otov opyovicpd. Ot
poplakoi pecolafntéc tov avotépm emdpdocmv  givor opudveg M dAAa
onuaToeopa Hoptla, to omoia dgv avarapBdvouv pdévo puvOueTiKég, oAAG Kol
“opyavetikés” dpacelc. Ot dpaoelg avTég, AoKOUVTOL GTOV EYKEPAAO, OAAG Kot
oe OAOVG TOVG 10TOVG. Opiopéves, HOAOTO, €5 OLTOV EMOPOVV GTO 1010 TO
YevVeTIKO VAKO, T0 DNA, kol yio to AOyo awtd, tovg €xel amodobel o dpog
KETYEVETIKESY. LVVENMG, 0V PEPOVUE LOVO TO YOVIOI®MUO HOG, OAAL Kol TO
«EMYOVISIOUA» pog, To omoio e€aptdton amd Tig 0pudVeES Kol TO TEPPAAALOV GTO
omoio extifetal o opyoviopdg poc kotd TG kpioueg meptddovg g Lone. To
YOVIOIOUO GE GUVOLOGUO HE TO EMLYOVIOIOUA, TPOGOIOOVY TO PUIVOTLTTO TOV
exaotote atopov. O eavoTLTog, 0 0moiog aPopd 6To «EaivesHury, OnAadn ota
Slkpttd  pe  youvod 0o@OOAUO  YOPOKTNPIOTIKG YVOPIGHOTH €VOG  OTOUOV,
OmOKOAEITOl  «EEMPOIVOTLTTOG», €V O QOWVOTLTOG, O omoiog apopd Ge

ECMTEPIKA YOAPUKTNPIOTIKA, OVOUALETOL «EVOOPAIVOTVTTOGY.

‘Eva mpoécpato mapddstypa emtyovidlokng oAlayng eivalr avtd, to omoio

dwmiot®Onke petd and ypovia oe achevels, ol onoiot glyav vrootel ce£ovOAIKN
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KOKOToinom ¢ mwodld. Xt gv Adym dtopa, 1 puOULIGTIKY TEPLOYT] TOL YOVIdiov
TOV VTOJ0YEN TWV YAVKOKOPTIKOEW®MVY, givol peBuoMwouévn, He omoTEAEGHO M
ToAivopoun apvntikny pvbuion tov dova twv emvePpdinv vo mapovotdletal
EMITTOUATIKN Kol 0 AEOVOC VO VITEPAEITOVPYEL, OTAV O OPYAVICUOC eKTifETOL GE
ouvOnKkeg oTPEC, He O,TL TO YEYOVOS avTd GLVETAYETOL Avakepaiaidvovtoc, Oa
UTOPOVGAUE VO OPIGOVUE MG OAKO PAIVOTUTO EVOG OPYAVIGUOD TO OTOTEAEGILA
NG YEVETIKNG KOl EMIYEVETIKTG TOIKIAIOG TOV UE TIG pLOOTIKEG EMOPACELS TOV

OpHOV®V Kot TOL TEPPAAALOVTOC,.

O eawvotumog tov yoykov acbevelwv yopokmmpiletor and €vo cOVOAO
EWOIKOV KATOOTACEWV KOl GUURTOUATOV. Mio véa €MOTNUOVIKY O106TAoN
talwvopel oTolKEl TOL EOWVOTOTOL OVTOV GE GYECT HE HLOPLO-YOVISIOKES
dwowkaoieg. Ta  mpoavoapepBévia  empépovg  taSvounuéve  ototyeio
yopaktnpiovtor ®g evoopawvotvma. H ta&wvounon tov evooQaivotimmv
OVOQOPIKE LE TNV WOYLOTPIKY YEVETIKY KOlU TNV KATATAE] TOV  YOYIKOV
ac0evelmV amotelel Eva VEO ETIGTNUOVIKO EMITEVYLLO LE TEPAGTIO GTLLOGTOL Y10l TN
dldyvoon kot TN Bepameio Tov voonuatomv avtdv. Idtaitepn o€ onuacio £yl 10
TOG €MNPEALOVIOL Ol €VOOPOIVOTOTTOL OO TN YEVETIKN YULYLOTPIKN KOl 7TMG
«POUATICOVVY TO CUUTTOUATO TOV TPOKVTTOLY OO TIC €V AOY® aAlayés. Ot
TEPLGGOTEPOL EVOOPOIVOTOTTOL KATOYPAPOVTOL, KUPIMOS, LETA amd peAétn (oIKoOV
HOVTEA®V Kol HETOPEPOVTIOL otV  HEAETN NG avOpomvng Pilmong Kot
CLUTEPLPOPAC, 0TS akpP®dG cvpuPaivel 6Tn cLYYPOVN £pELVA YOl TN VOGO TNG
oyilloppévelng. Xty &v Adyo acBéveln dlvetar moAd peydAn €ueoacm oToug

EVOOQALVOTUTOVS  UIKPOKAIVIKAOV  SlpOp®OV  TNG OCULUTTOUATOAOYING, O10TL
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LEAETMOVTAG TOVG, 00T YOOHOGTE 01T «pilay TG vOoov, 6tnv Tafopucsloloyio TG

K01, ©OC €K TOVTOV, GTNV 0LGLOON Bepameio.

To @awvopevo g mpomoaipikng avactoing (IIITA), to omoio, 6mwg MM
OVOQEPALE, 0POPE OTN OPOCTIKY WEIMON TOL OKOVGTIKOV OVTAVOKAOGTIKOD
apvidloG oV (acoustic startle), otav, mpv amd 10 eKALTIKO gpébicpa (TaApOg),
nponyeitar £va acBevéc epébiopa (mpomarpodg) xatd 30-500 ms (0 mPoTaANOG
amd POVOG TOV OEV £XEL KAVEVO, OTTOTEAEGLOL GTO OLVTOVOKAQGTIKO OLPVIOIAGUOV),
amotelel €vo amd TO CNUOVTIKOTEPO TOPASEIYHOTO EVOOPOIVOTOTOV Yo, TNV
yoywon. To eawvopevo g IITA vrodnimverl v mpoctacio TG eneEepyaciog
TOV TPOTAALOD OO TO TPOILA, NOT, 6TAd TG €16650V Tov 610 KNZ (30-500
ms), anokAeiovtag e Tov TpOTOo avtd O1dPopa GAAN avemBOUNTO EIGEPYOUEVOL
epebiopata, Onwg elval oty v AOy® TEPITTOON TO OLVOTO EKAVTIKO gpEbicua
(xpotoc 115 dB), t0 omoio PUCIOAOYIKE EKAVEL TO OVOKANGTIKO OLPVIOLOUGLOD.
To @oawvopevo g IITA avtavaxAid v Asttovpyia evdg «nBuod» (gate), tov
amoxoaAovpevoL «AtsOntikokvntikov HOpob». O «AloOntikoxivnrikdg HOpOG»,
Ommg €xel avoeepBel avaAvTiKOTEPA oV 0Py TOL KePoAaiov, dmbel Tig
EI0EPYOUEVEC TANPOPOPIEC GTOV €YKEQPAAO, TapeuPoivoviag 6 TOAD TPOIUW

otdon emeEepyaciog e TAnpogopiag (30 ms), pe amotélecpo va KaTeELOOVEL
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TNV TPOGOYN VO EGTIALEL PLGLOAOYIKA OTIS OOPAITNTEG TANPOPOPIES, DOTE VOl

AmOPEVYETAL 1] TANPOPOPLOKT) VITEPPOPTMOT).

e aobeveilg pe oyloppévela, £xel moapatnpndel g to enineda g [MTTA
napovotdlovror datapaypéva. e 1o Adyo avtd, Bewpeiton mog n THHIA
amotelel To KOP1O Topddelypo eneepyasiog TANPOPOPLOV GTNV GYLLOPPEVELD LE
VYN HETAPPACTIKY] a&io Kot SOUIKT €YKVPOTNTA, KATATAGGOVIOG TNV OG VOV
amd Toug Mo a&ldmMOTOVG EVEOPUIVOTOTTOVG Yo TV WOy®or. Avtd cvuPaivet,
KaBdg 1 dratapayn Tov NOUoD €xel TOALATAMG GUGYETIOTEL e TNV SLUCTACT) TOV
AVATEPOV YVOOTIKAOV AETOVPYLOV TOL yopaktnpilel d6ovg macyovv omd 1
vO60 G olloPpEVELl, EVAD GTOV aVTITOdn, o€ OElYIA PUCIOAOYIK®V ATOUMV,
&xel mopatnpndet kohdtepn Aettovpyio Tov MOUov, M omoio GuVAdEL pE TV
avoTEPT YVOOTIKY Agttovpyia. 'Evag emmhéov Adyoc yia tov omoio m TITTA £€yet
YOPAKTNPIOTEL ®C €VOOPAIVOTLTTOG YL TN oyoPPEVEINL KOl YLl GULVOPELG
YOYOTIKEG dtatapayés, eivat 1 vymAn kKAinpovounoiuotnta (heritability), n omoia
™mv O0émel, kabmg €xel amoderydel eAAelupaTIiKy o€ cvyyeveic TpdTOL Padod
660V TAcyovv amd T VOGO NG oXoPpEvelng, aAAd Kol o€ GALEC OUAOEG
VYNAoH Kvobvou yuo yoyworn. Q¢ ek TOLTOL 1N UEAETN TNG YEVETIKNG

OPYLITEKTOVIKNG TNG, OVOUEVETOL VO TPOGPEPEL TOAAGL OTNV KOTOVONGCT TNG
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YEVETIKNG Kot NG mafopuoioroyiog g oxlloPpévelag, e KOO TNV KOADTEPN

(QOPUOKEVTIKT) KOL U1 OVTLLETMORLIOT TS VOGOU.
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AEYTEPO KE®AAAIO

ANQTEPEX I'NQYXTIKEX AEITOYPI'IEX

MEPOX A

EIIITEAIKEX AEITOYPI'IEX

[Ipoxkertar Yy  OOVOAO  ETEPOYEVAOV — YVAOOTIKOV  OlEPYOCLOV,  TOV
“emotpatevovy”’ Kol ovvtoviCouv AGAleg vontkég oepyaciec. O Funasashi
(2001) avaeépel mmg glval “to mPoidV TS TVVTOVIGUEVHS AEITOVPYIOS TOIKIAWY
OLEPYOTLAV, TPOKEWEVOD VO. ETITEVYOET EVAS OPLOUEVOS OTOYOG UE EVEAMKTO TPOTTO™ .
"o to Adyo awvtd, o ayyAikog opoc executive functions Bswpeitar o TpodGPOPO
Vo OmoOidETOl G  emMTEAIKEG, OVTL  TOV  EVPEMG  YPNOULOTOLOVUEVOL
“eKTEAESTIKES”, OV OEV AVOOEIKVOEL TNV EMONTIKN TOLG GUON €ml TOV GAA®V

VONTIKAOV VTTO-O100TKAGIDV.

Ov meprocdtepeg €peuveg avayvopilovy ¢ eMTEAMKES AerTovpyies, TIC
aKoAlovbeg dlepyaciec: TNV VAU €Pyaciag, TNV TPOGOYN, TNV GVOCTOAN, TNV

emthvon véov mpoPAnudtov, Tov oxedlacud, v vontiky eveMéio, v
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TPOTOTOINGT TNG OCULUTEPIPOPES Ao TN gueovicel véwv 0Oedopévayv, Tnv
avtoppLBon, ™V oVTOPOVLAN eKKIvVNoM KOl TNV UETOAYVOOTIKY KOVOTNTO.
XOoppova pe v Diamond (2006), ot o “Pacikés” emteMkég Aettovpyieg, elval
N KOVOTNTO, OVOGTAATIKOD €AEYYOVL, M TPOGOYN, M UVAUN epyaciog kot m
eveMla, kobag €xer dwmotwlel mwg Odpapatilovy Kevipkd pOAO GTNV

OPLOVIKT] OTTOPTIMOT) TOV AVOTEPMOV YVOOTIK®OV SIEPYACIDOV.

Ot Cohen & Servan-Schreiber (1992), ava@épovv mmg 1 pviun epyaciog kot
N ovaocTOA &lvol 7o omoQOCIoTIKNG onuociog ywoo v Besodpnon g
Aertovpyiog oG emteMKNG. MECm €pevvOV AmOdEIKVOETAL, TG Ol &V ADY®
wKavotnTeg £xovv cvoyeticolel OeTikd pe TV GYOAMKN ETOOTNTA KOL TLO EOIKA
HE TNV ETOWOTNTO OVOYVOOTIKOV Kol HOONUATIK®OV OeE0TNTOV. ApvnTiKn,
®oTO00, €xel OmoTmBel 11 oLOYETION TOVG e TOolKiAeC maboloyiec o€

YVOOTIKO, KAOMG Kol GE GUUTEPLPOPICTIKO EMITEDO.

Ocov apopd 6T0 VEVPOUVATOUIKO VTOGTPMLLO. TOVE, Ol EMTEMKEC AEITOVPYIES
&xouvv ovvdebel pe TIC PETOMIOIES TEPLOYEG TOL EYKEPAAOVL Kol KLPI®G PE TOV
npopetomaio @Aowd. Evtoldtol, cuvyvd avevpickovior GTopo HE EMITEAKA
erdeippata yopic capeig petomaieg PAaPec. To yeyovog avtd, Exet emainOevbet
Kol pHEG® TOV avTioTpoeov potifov, Katd To omoio, vmdpyovv dtopo pE

uetonoieg PAAPeg yopig v évoelln emtelkadv eAlelpndtov (Baddeley, 1998).
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Q¢ €Kk TOVTOV, M EVOAAASYN YXPNON TOV OPOV HETOTIOESG KOl EMITEMKES
Aertovpyieg og tavtOonEG dgv givar 0pOn. Avtog eivat kot 0 AOYOg Yo TOV 0Toio
o Baddeley eiofyaye tov Opo “Avoemiteiixo ocdvopouo”, MPOKEWEVOL Vo
OVOYOLTICEL TNV TOVTIOT TNG KATAPPELGNG TOL EMITEMKOD GUGTNUOTOS HE TO

LETOTLOL0 GUVOPOLLO.

Emuiéov, o1 emrelikég Aettovpyieg Aappdvouy ydpa ce KabeoT®dg CLVIEGEDV
HE SLAPOPES TEPLOYEG TOV EYKEPAAOV, EKTOC TOV UETOTIOI®OV AOPdV, dT®S Yo
TopAdELylo, He TOVG Ppeypatikodc Aofovg, to Pactkd yayyAlo kot GAAEG
VToEAOIDOES Oopéc. 'Eva dtopo pe oOvoemtelkd eAdeippoto  epeoavilet
pelmpévn kpiomn, dOuckoAio GTOV GYXEOAGUD, GTIV OPYAVAOGT Kol 6TV dlaXEipion
Kabnuepvov  mpoPAnudtwv, EnNpeacpéVn  mpocoyr, oafovAia, evopia,
dVOKOAIL EAEYYOV T®V TOPOPUNCE®Y, EUUOVEC, Myompatio, nyolaAiio k.o. To
SVOEMTEMKO GUVOPOLO QmOVTATOL KAVIKA [E SLopopeTIKN Papvtnrta kdbe popd
oe évo guplh @daopa dwrtapaywdyv, onws: AEIL-Y, avtiopds, evaviiopotikn
TPOKANTIKY dlatapoayn, €WK YA®MGGIKY dtaTopayr], STapayés Tov AdYOV,
ponolokéc SVOKOMES, KPOVIOEYKEPOUAMKEG KOKMOOEL,, ovvdpopo Tourette,
YOYOVOYKOOTIKY  otatapayr], oyxlloppévela, Sutolkr dwatapoyn, peilova

KatdOAYT, oplokn dotapoyn TPOCOTIKATNTAS, VELPOEKQLMOTIKEG acBéveleg,
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kaBmg emiong kol og O14POPES AALES YUYIKEG KOl VEVPOAOYIKES VOGOAOYIKEG

OVTOTNTEC.

210 Tapdv KEQAAN10, B0 EGTIAGOVUE GTNV AVAAVOT Kol TNV KOTOVON o™ dV0,

KLplmg, EMTEMK®OV Aertovpyidv: Tng uvnung epyaciog Kot g Tpocoyne,
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MEPOX B

B.1. MNHMH EPT'AXIAX

H pvun epyaciog amotedel €vo pkpd VTOGUGTNUO TOV  OLVOLLKOV
GLGTNHOTOG TNS AVOPOTIVIG LWVNUNG TTOV GLVOVALEL TNV TPOCOPIVY| amobnKeLoN
KOl TOV YEPIOUO TANPOQOPL®V, Ol omoieg Oewpolvtal amopaitnteg yio Tnv
eKTELEON OUVOETOV YVOOTIKOV Olepyosidv, Om®g eivor 1 KATovonom 1ng
YADGGAG, M AOYKN kol opiopévol tomot puddnonc. To vrosvoTUA OVTO TOL
dopel v pvnun gpyaciog Bempeital meprocdtepo e€eyuévo oe aviurapafoin
HE TO vrocLoTNHA TNG Ppaydypovne pvnuns. To ev AOY® yeYovog oNUaivel TmC,
oe ovtiBeon pe v Ppoydypovn HVAUN TOL APOPE OTN CLVTIOUN HOVO
amoONKeVOoN HWaG TANPOPOPIAG, N EVEPYOS VU 1| LVIUN epYOciag amottel Tnv
TautoOYpovn amodnkevon kot enesepyacio Tov TAnpopopidyv. Ilpoxettal yio 0
CUGTNUO TOV €YKEPAAOV, TO omoio €xel oplobel wg vevBuvo Yo va GuyKpaTel
Ko vo enegepyaletol pe peyaAn akpifela pikpég mocoOTTEG TANPOPOPING, OTWS
ocvpPoivel pe TO OMNUEIOUOTAPIO TOV YPOPEIOV HOG, GTO OO0 GNUEUDVOVLE,
KATA TPOYEPO TPOTO, OVOHTO 1| TNAEPOVIKOVG aptBpove, mov ypeldleton va

Bouopacte yuo £vo pikpd dtdotne Tov ¥povou.
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H pvnun epyaciag evromiletar oe peyddo Pobud oto petomaio Kot
10 Bpeypotikd AoBO. NevpoamelkovIoTIKES UEAETEG HUE TNV EQOPUOYT TOV
teyvik®v PET kot FMRI omodeikviouy 0Tl Ol 0KOVGTIKEG GUVICTMOGCESG TG
pvnung  epyociog evromilovtor otov oplotepd peTOmAio Kot Ppeypotikd
AoPo. Exel oAAniemdpovv pe vevpwvikd diktva, To omoia eumAEKOVTOL
otV oMo, oto oyedcpud Ko ot ANyn amopdcemv. [lpdketton yia
dpaocTnPOTNTEG TOL  OmALTOLV Mo koA pvnun epyacioc. To  omtikd

onuelwpatdplo o€ Ppioketor 610 eSO MUGSPAIPLO.

B.1.1 TO BAXIKO MONTEAO MNHMHX EPI'AXIAX
TQN BADDELEY KAI HITCH

Ov Baddeley ko1 Hitch (1974), mpotewvav 6t n Bewpio g Ppoaydypovng
uvnung o umopovce vo aviikataotofel amd T pvhiun epyacioc, m omoia
amoteleiton amd TPl LWOCLOTHMOTA: TOV KEVIPIKO emefepyaotr| (central
executive), To apfpmtikd 1 powvoroyikd kokimpa (articulatory or phonological
loop) ko To onTIKO-YWPIKO onuelwuatdpto (visuo-spatial scratch pad) (Baddeley
& Lieberman 1980). Ta 600 GLGTAUATA, TO POVOAOYIKO KUKAMLLO KOL TO OTTIKO-
YopKd onuelwpotdplo Bewpovvior Pondntiké (slaves systems) (Adams &

Cathercole 2000). O Baddeley (2000) tpoteve Kot £va TETAPTO VITOGVGTLA, TOV
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dwyeprot) emelcodiov (episodic buffer). Ogpelddeg YOPAKINPIOTIKO TNG
epyalopevng pvnung etvor 1 tavutdypovn cvykpdinon kKo enefepyocio TV
nAnpogopldv. To mepi ov 0 AGYOG YOpOKTNPLOTIKO TN Soympilel omd N
HOKPOYPOVY] LVAUN OTNV Omoilo. TPOUYHOTOTOLEITAL UOVO 1 ammodnkevon g
mAnpogopiag kar Oyt m emeepyacia e Tov kvpldOTeEPo POAO GTN UVAUN

gpyaciag eaivetatl vo dtadpapatilel 0 Kevipikog enesepyaotns.

A) O KevTpkog emeCepyaoTi|g

O xevipikdg emelepyaotng HOWALEL HE TEPLOPIGUEVIG TKOVOTNTAG COGTILO
eréyyov ¢ mpoooyng (Bandelley 1990, Norman 1980, Norman & Shallice
1986), eivar t0 onUOVTIKOTEPO, TO TEPIGGOTEPO ELTPOGAPLOCTO GUGTNUA TNG
pvnun epyaciog kot Bewpeitor veevbuvo Yoo ToV EAEYXO TOV TPLUOV GAA®V
VITOGLGTNUATOV TNG €pYalOUEVNC LVIAUNG, KOO®MG EMIONG Kol Y10 TO GUVTIOVIGHO
NG POTG TOV TANPOPOPLOV OADV TOV YVOCTIK®OV £PYMV, OTMOG Elval 1 aviyvmon
kol 1 ypoen (Swanson 2000, De Jong 1998), o cuAroyioudg, n cdvOetn pndbnon
(Kyllonen & Cristal 1990) kot n apiOuntikny (Mc Lean & Hitch 1999). Eivou 10
Mybétepo pedetnuévo Kot to Mo ovvheto cvoTnUe TG €PYalOUEVNG HVIUNG
(Baddeley 2003). Kvptog podrhog tov givar 0 EAeyyog Tng pong TV TANPOPOPIDV
péca o6to cLOTNUO TNG €PYOCOUEVIC LVNAUNG, T E€0TIOCT TNG TPOCOYNG OE
ovvbeta yvootikd £pya, M avakAnom TANPoeopltdv omd GAAN  YVOOTIKA
CLOTNUATO KOl AyOTEpO 1 amofnkevon kot 1 eneEepyacio. TANPOPOPLOV

(Baddeley 2000). Ovcwootikd o kevipikdg emeCepyootne potdler pe éva
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eKTELEGTIKO GLUPOVALO, TO OTOoi0 €ival VTEVOLVO TOV EAEYYOV TNG TPOGOYNS, TNG
EMAOYNG OTPAUTNYIKAOV KOl TS GLAAOYNG TANPOPOPIDOV OO OUPOPETIKEG TN YES.
Ocwpeitar, dNAadY, KLPi®S, LIEVOVVOG YA TIC EKTEAECTIKEG AglTOLPYieg, Ol
omoiec amoteEAOLV TOV KUPO TOPAYOVIO TMOV OTOUIKDOV SPOp®Y GTNV
amoteleopotikdTnTo TG epyalopevng wvnqung (Daneman & Carpenter 1980).
[ToAlol epeuvnTéG GLUEOVOVY OTL O KEVTPIKOG eMeEePYAOTNG oxeTileTal pe v
nepoyn tov petomaiov Aofov (D’ Esposito et al. 1995). 'Epevveg o€ acheveig pe
v6co Alzheimer €0ei&av O0tL M €midooT| TOLG pPEWWVOTAV TOAD Otav Elyav va
eKTEAEGOVY éva OITAO €pYo OV OmOTEAOVVTAY At €va AEKTIKO Kol Vol OTTIKO
épyo tovtoypova, aviifeta Otov ekteAovGaV To KAOe £pyo ymPloTd M €midoom
Toug NTov WoAL koaAvtepn (Baddeley 1996). Tnv eumhokn g peTomoiog
TEPOYNG TOL EYKEPAAOL GTNV OVAGTOAN TNG TPOCOYNG TNG AELTOLPYING TOV
KEVTIPIKOU emeEepyaoatn anédelav pe To povopevo Stroop, ot Smith ko Jonides
(1999), oe vym vmokeipeva. Avtifeta €pevvec oe acbeveig ue PAGPn ot
HETOTIOA0 TTEPLOYN OTESEIEAY OTL 1] AELTOVPYIO TOV KEVIPIKOV emeCepynoTtn) O&V
vrootnPiletal OMOKAEISTIKG OO TIG UETOTIOIEG TEPLOYES, AAG amacyOoAOVVTAL
OLAPOPEC TTEPLOYES TOV EYKEPAAOV, Ol OMOieC dlPEPOVY amd €pyo GE €PYO
(Ahola, Vilkki, Servo 1996, Andres & Van der Linden 2002, Collette & Van der
Linden 2002, Miyake et al. 2000). Ot Shah & Miyake (1996), apupiofntoviog
NV dmoym 0Tt LITAPYEL LOVO EVOG KEVTIPIKOG ENEEEPYATTNG, TPOTEWVAY TNV ATOYT
OTL VIAPYOVY YWPLGTO GLOTAMOTO TNG €PYOLOUEVIG LVAUNG YO TO AEKTIKO
(verbal) wor 10 Ywpkd (spatial) pépog TG XN HEAETN TOV TOPATAVE

EPELVNTAV, 1) GLGYETION AEKTIKNG-YOPIKNG PYOLOUEVNG LVIUNG dEV NTOV VYNAT,

85



CUUTEPAGLOL TTOV OTTOSOONKE GTO YEYOVOS TS OAOL Ol GUUUETEYOVTEG TTAV GTOLLOL
e vymAd oeiktn vonuoovvng. Xe opoto peAétn ot Mackintosh kot Bennett
(2003), dtevpHivovtag To OpLo GTNV KALOKO VON|LOGVVNG KATEANEAY GE TAPOUOLO,

OTOTEAECLOTOL.

B) To powvoroyiké KOKAOpO

To @ovoloyikd kOKAopo M apbpotikn emavéinyn (phonological loop 1
articulatory loop), elvar 10 mo peiepévo vmocvoTua ™G ePYULOUEVNG
UvunNG,  a@evog yuwti ivol amd To MO OMAQ GUCTHUOTO, OPETEPOL YOTi
oyxetileTon pe poL TEPLOYN), OTNV OMOiol Ol EMEEEPYACUEVEC TANPOPOPieg, NON,
vapyovv kot emmpocHeta yoti Bewpeitar 0 PyNUOVIKOG XDPOG NG AEKTIKNG

TANPOPOPIaG.

To @wvoroywod xOKAmpo meptlappdver dvo, Kvpiwg, Aettovpyieg: a) Tn
QOVOLOYIKT amobnkevorn, N omoio glivor vrevBouvn Yoo T GLYKPATNON NG
AEKTIKNG TANPOQOPIOG, TNV OVOVEMCT TNG KoL T1 Ol0THPNOT TOL PMVOAOYIKOD
OTOTLTTMOUATOC Y10 EVAoN pe dvo degvteporenta (Montgomery 1995, Baddeley
2000, Baddeley 2003, Baddeley & Wilson 2002, Gathercole & Alloway 2006)
kal B) v apBpotikn drodikacio eAEyyov, N omoia Paciletor oTOV E0MTEPIKO
Adyo, Ko TV vroewvnTikn enavdinyn (Baddeley 1997, Gathercole & Baddeley
1993). H apBpotikny dSwdwacio eAléyyov eival ovoclooTiKd pio Agttovpyia
emavaANyYNS e otdyo S T daTpnon e tAnpogopiag. EmmAéov, petatpénet

T0 ONTIKO VMKO G QOVOLOYIKO Kddwo (To Qoviuato kol TG AEEEL),
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TPOKELUEVOL Vo cvykpatndel o1 povoloyikn amofnkevon kol vo cuvoebel pe
™V Tpovimdpyovca yvaon. To ontikd VAIKS, oe avtifeon pe 10 AeKTIKO VMKO
(Baddeley 1997, Gathercole & Baddeley 1993), dev éxet dueon npdcsfaocn ot
QOVOLOYIKT amobnkevon, aALd eEaptdtal amd TV apdpoTIKN ETOVAANYT. Z€
épevveg mov mpaypatomomOnkav o€ acbevelg, ot omoiot elyav pelmuévn
QOVOLOYIKN ViU, oAl moapovcialov avémaen v apbfpotikn dadikacio
eréyyov, dwmiot®dnke mmwg mapovoialav petwpévn v Bpaydypovn Uviun g
TPOG TO OKOVOTIKO KOl AEKTIKO VAIKO, OAAL gU@AVILOV KOVOVIKY] TOPOY®YT
Adyov (Shallice & Butterworth 1977, Vallar & Baddeley 1984). ITopdiinia
acBevelc mov eiyov avémagn TN EOVOAOYIKN HVAUN, OAAG pHeElwuEvn) T
Aertovpyia tov apBpwTikoD eA&yyov, mapovcialav OLVGKOAIN GTNV ETAVAANYT
(Vallar, D1 Betta, & Silvery 1997). H Aettovpyia Tng @@VOLOYIKNG €mavaAnyng
dev Ponbast omv avikinon owelwv AéEemv, aAAd ovviedel otn padnon
kawovplwv AéEewv (Baddeley, Gathercole, & Papagno 1998). Ta moapomdvem
OTOTEAEGUOTA. CUUP®VOVV He €pguva Tov £Yve o€ [tadovg amd Tovg omoiovg
{nmbnke va amoomBicovv Cevydpla AéEewv pe Italkég AéEeic ko Cevydpla pe
[todikéc-Poowcég AéEelg. H apBpotikn] kotactoAr), m omoia HEW®VEL TNV
(QPMOVOLOYIKN EMOVAANYT Lelwoe TV ekpddnomn tov Eévou AeSthoyiov, aAld glye
pkpn emidpaon oty expanon tov Levyovg tov Itodikov AéEewv (Papagno,

Valentine & Baddeley 1991).

H pnébodog g AeKTIKNG KOOWKOTOINGMG TOV OTTIKOD VAKOV gp@avileTot pHetd
10 méunto £1o¢ ¢ NAkiag ko eeMooetal avamtvéloxd (Hitch, Halliday,

Schaafstal & Schaagen 1988, Gathercole & Baddeley 1993).
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To pavoroywd KOKA®pa givol Wloitepa ¥PNOLO GTN YPOUUKT CLYKPATNON
Kol avakinon minpoeopiwv (Baddeley 2002). H ypopuxn ovykpdtnon
EMTPEMEL GTOV OKPOOTN TNV TOVTOYPOVT EMEEEPYATGIO TNG TANPOPOPING, KLPIWG
otav M akoAovBia eival onpavtikny yuo v Katavonon (Montgomery 2004). To
QPOVOLOYIKO KUKA®Uo Bewpeitar vrevbvvo yioo v Tpocwpivi amobrKevon
YAOGGIKOV TANPOPOPIOV, KUPIOG VEDV QOVOAOYIKOV TANPOQOPLOV, EVO
TapdAAnio  extelobvtal GAAQ YVOOTIKG £pyo, OM®G €lval 1 OKOLGTIKY|
KOTOVONGN, 0 GLALOYIGUOG Kol 1 €EAY®YN CUUTEPACUATOV TOL OTTOi0 EAEYYOVTOL
Kuplwg amd Tov kevipikd enefepyaoty|. H ypovikn amobnkevon véov viucon divet
™M SVVOTOTNTO GTOV OKPOOTY] VO ONUOVPYNGEL POVOLOYIKEG OVATOPOGTACELS
TOU VAKOU owtoh otn pokpdypovn pvhiun (Montgomery 2004). Me to
POVOAOYIKO KOKAW®UO UTOPOVV Vo, EPUNVELTOVV d1d@opa patvopeVa 0TS, TO
QOVOUEVO TNG OPHPOTIKNG KATOGTOANG, 1| POVOAOYIKT OHOLOTNTO, 1| EMIOpAOT

TOV UNKOVE TV AEEEMV KOl 0 AGYETOG AOYOC.

SOUQOVA UE TO POIVOUEVO TNG POVOLOYIKNG OLOLOTNTOC, 1 GALECT YPOUUIKY
ovVAKANON AEKTIKOD VAIKOD oL HOLALEl P®VOAOYIKA, TO 0TOl0 Umopel vo eival
ypappota (wy.B, C, T) | AéEeig 1 wevdoréEelg (m.y., fee, he, knee, lee, me, she) 1
TPOTACELS, €lval YEPOTEPN Kol AyOTEPO OKPIPNC OO TNV OVAKANGT AEKTIKOD
DAMKOV OV TEPLEYEL POVOLOYIKA OvOLOl0 GToLyEln, Omwg .y, T Ypaupata (R,
W, H) 1 avopoteg AéEeig dmwg (bay, hoe, it, odd, shy, up) (Condad, & Hull 1964,
Larsen & Baddeley 2003, Andrade 2001). Amd ta mepdupota oVTOV TOV
gpevvntdv  Qaivetor OtL o1 TANpoopieg amobnkevovtal GUUE®VE UE T

(QOVOAOYIKG TOVG YOPUKTNPIOTIKA, EMOUEVOS 1) (OVOAOYIKN  oamodnKevon
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e€aptdtor  amd TNV QOVOAOYIKY] K®OOKOTOINGM, €VO TOLTOYPOVA M
ONUOCIOAOYIKTY] OUMOWOTNTO. €YEL TOAD LIKPN EMPPON OTNV GUECT GEIPLOKN
avakinon. Xoppova pe tov Baddeley (1986) ov pavoroywkd opoteg AEEeg mov
Umopovv vo avakAnBovv avépyovtal ce mocootd 9.6%, evd Ol GEOVOAOYIKA
avopotleg AéEelg avépyovion og Tocooto 82.1%. H amobrjikevon ot Bpaydypovn
UVIUN TS AEKTIKNG TANPOQOPIOG EMTVYXAVETOL LE POVOAOYIKT KOOWKOTOINoM
(Logie 1996), evdd m amoBnkevon o1 HOKPOXPOVN UVAUTN YIVETOL KLPimG
onuacoroykd (McErlee 1998). H oovoloywkn opotdtnro umopel  va
eCapaviotel petd amd apOp®TIKY] KOTAGTOAN, OTAV 1 TOPOVGINGT TOV LAIKOV
mov (nteitor vo avoxkAnOel sivon omtikr (Baddeley et al. 1984, Levy 1971,

Peterson & Johnson 1971).

AVOoQopiKd HE TO QOIVOUEVO TNG EMIOPOCTNG TOL UNKOVLS TNG AEENG, €xel
exTiunOel mmg o1 AEEe1g 1 o1 yevdorelelg pue Ayotepeg oLAAMPEC avakaAoHVTaL
mo gvkola amd Tic AéEelc pe meprocdtepec cviiafég (Baddeley et al. 1975,
Gathercole & Martin 1996). H gnavdinyn, OU®G, LEIDGVEL TO XPOVO OVAKANGONG
oTIG peyaAdTEpEG AEES. TNV OAla, ®woTdOco, €xel mapotnpndel moeg Kvplo
YOPAKTNPIOTIKO €lval M ypoviky Obpkeln TG AEENG kal Oxt o aplBudg Tov
ocvAhafov (Baddeley 1990). To pvnuovikd €0poc avomapiotd Tov oplipd tomv
MéEewv mov umopel va apfpdcel KATOl0¢ HEGH G€ dV0 OELTEPOAETTA. ZVUPMOVOL
pe épevvo oe moudld mov pikovoov OvoAkd, 1 UVNUOVIKY OVOKANOTN MTov
aoOnTd YounAOTEPT G€ GYéomn UE T TTadld Tov UAovoov AYyAMKd, €TEON TO
OVOAIKO AEKTIKO UVNUOVIKO €0PpOG lvarl peyaAdTEPO o€ oYéon e 10 Ayylkod

(Ellis & Henneley 1980).
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Me tov 6po apOpmTIKY] KOATAGTOAN OVOQEPOUACTE GTO QOIVOUEVO KOTE TO
omoio, 0Tav £va VITOKEINEVO emavarlapPavel cuvéyela por AEEN ywpic vonua 6t
duapkelo ekpadnong evog katahdyov AeEemv, 10TE EUPOVIEL TNV EMIOPACT) TOV
doyeTov Adyov, N omoia eumodilet ) eovoroykn amodnkevon (Baddeley 1997).
v apBpoTIKN KOTAGTOAN Tapatnpeitonl Leimon TG amopvnuUdveELONG, EMEON
eUmodileTal N LTOPWVNTIKY EMOVAANYT TOL AEKTIKOD VAIKOD Kol avTioTOU(O M

LETATPOTT] TOV OTTIKOV VAKOD GE POVOAOYIKO KOOIKOL.

I') To ortikoy®@PIKO CNUELONATAPLO

To ontikoympikd onuelUOTapo €ivor 10 OeHTEPO  VITOGVGTNUO  TNG
gpyalopevng pvnung to omoio vmoomnpiler N Asttovpyion TOL KEVTPIKOV
eneEepyaotn. Ilpoxertar yio €vo y®dpo MPOocwPVRG amodnkevonsg, KoOdg
e€eldkebeTonl otV TTPOGKAIPT GLYKPATNON KOl EMEEEPYACIO OMTIKOYWPIKAOV
TANPOPOPLDYV, Ol OTOIEG GTN GLVEXEWD KmOtKomotovvtal ontikd. H amobnkevon
0TO OTMTIKOYWPIKO onuelwpotdplo umopei va givor yopotalikny (Baddeley &
Lieberman 1980), ontwikn (Logie 1996) 11 kivousOntikn (Smyth & Pendelton

1989).

To ONTIKOYWPIKO CNUELOUATAPLO ELYE, OPYIKA, CYEIUCTEL Y100 TOV EAEYYO TV
YOPIKOV KivnTikov epebdiopdtov (Logie 1996). Apydtepa amodeiytnke 6Tl KOTA
™ ddpkela TG avdyvoong fonddel oy onTIKN K®OKOTOINGCT TOV YPOUUUATOV
Kol TOV AEEE®V KOl EMTPETEL KATA TNV AVAKANGT TOV EVTOTIoUO NG BE0MG TOVG

pnéoa oto keipevo (Baddeley 1986). To omtikoywptkd onueimpataplo ivor to
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mo oveEdpnto vmocvoTUe TG epyalopevng puvnune. Ilapoio mov 1
QPOVOLOYIKT EVNUEPOTNTA aKOAOVOEL GEIpLakn emeCepynoion Ko TO OTTIKOYMPIKO
ONUEIUATAPLO OAGTIKY), OTO TEPLGGOTEPO OTOUO 1) OMTIKY] OVOYVAOPLIOT TOV
MEewv yivetar pEC® TOL OMTIKOYWPLKOV elowdvtog. [Ipodoeatec épegvveg
Voo TNPiovV OTL 1 OTTIKOYWPLKY UVIUN Elvol TEPIGGOTEPO AVEEAPTNTN OTd TNV
QwVoLoYIKY oe oyéomn Ue Tov kevipikd emefepyaotn (Gathercole & Pickering
2000). To omtikoy®PKd oMuelUATAPLO amotereitar amd V0, TOLAAYLGTOV,
VITOGLGTNUATO. TO TPAOTO EEEIKEVETAL GTNV EMEEEPYATia Kot TNV amodnkevon
TOV GTATIKOV OTTIKOV TANPOPOPIOV OTTMG VoL Ol EIKOVEG, TO GYNLOTO KOl TO
YPOUOTO, EVO TO OgLTEPO eivar vmevOBuvo Yy v emeepyacioa Kol TV
amOONKELOT  TOV  SUVOUK®OV  YOPIKAOV  TANPOPOPLOV, Om®G &ivar ot
oLVTETOYUEVES, M B€om G6TO YDpO, Kot 1 dadoyn Tev kiviioewv (Baddeley 2007,

Pickering et al. 2001, Van Der Sluis, Van Der Leij & De Jong 2005).

e épevveg oL £yvav OmIoTOONKE OTL N ATOONKELGT GTO OMTIKOYWPIKO
ONUEIOUATAPLO YIVETAL PE TN HOPPT] OAOKANPOUEVOV EKOVOV 1] OVIIKEUEV®V
(Vogel, Woodman & Luck 2001). To yeyovéc avtd onuaivel mmg, OTOvV TO
OTTIKG YOPOKTNPIOTIKA €ivol OpyavOUEVO GE M0 EIKOVO KOl OEV  LIAPYOLV

Hepovouéva, enttuyydvetor peyolvtepn cvykpatnon (Kemps 1999).

A) Awoyelprotig EmELc0dimv

[Ma va e€nynoet ) pon ¢ TANpoeopiog amd T HoKPOYPOVY LVIUN OTO
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VITOGLOTAUOTO TG UVAUNG epyaciag o Baddeley (2000, 2007), tpdcbece éva

TETOPTO VITOCVGTNLO GTO LOVTELO TOV, TOV JLOYEIPLOTY| EXEICOJIMV.

[Ipoxettar yoo éva TEPOPIGUEVNG YOPNTIKOTNTOG VTOGVGTNUO, TO ONOio
OANAETIOPG HE TN ONUOGLOAOYIKN UVAUN, HE ONOTEAEGHO TN Ompuovpyia
KOoOpl®V  OAOKANPOUEVOV  avarapactdcemy. Emmiéov, efaceaiiler v
amevbeiog KMOKOmoinon Kot avAKANGT amd TN HOKPOYPOVI] EMEICOSLNKT] VAU
(Pickering & Gathercole 2004). To yeyovog avtd cuvendyetor tnv adénorn OAmv
TOV TOMOV TANPOPOPLOV Kol TNV omoffKeELoN TOLG OTN UVAUN €PYOCIOG.
Amotehel, ONAadN, 1O vmooLGTNUO €keElvo, TO omoio &lval vmevBuvvo Yy ™
CLUVEVAOOT TOV TANPOPOPLDV KOl TO OTOI0 EMITPEMEL TN dNUOVPYiIN LTOBETIKMOV
avanopactdcewv (Baddeley et al. 2002), pe amotéiecpo va amotelel éva

oToVOOL0 GUVTEAESTN GTN dladIKOGio TNG LA oG,

210 OlEPIOT] EMEIGOOIV Umopovv va g16éABovy TANpogopieg amd To
POVOLOYIKO KOKAMLO KOl TO OTTIKOYMPIKO GNUEI®UATAPLO Ywpic T PonBeta g
uaxkpoypovng uvnung (Baddeley 2003). O Baddeley (2007) amoppinter v
dmoyn OTL 0 OJWYEPIOTNG EMEGOOIV 0moTeAEl OmMAG TO KOTOMIPO TOV
EVEPYOTOMUEVOV AVOTTAPACTACE®V amd TN pokpoOypovn uviun. H ypnopotnta
TOV TETAPTOL VTOGLOTNUOTOG EYKELTAL 0TO OTL Ponbdel otV OAOKANPOUEVN
TANPoPopia Kot Ol 6TO JAYWPICUO T®V VTOCLGTNUAT®Y. AVTO oNUAivVEL TG
TPOGavVaTOMIEL oV  €vvololoyikn pdOnom, 1 omoia omotedel ocvvBeon
TEPLGGOTEPMOV CLOTNUATOV, Y®PIg va meplopiletal LOVO GTO POVOAOYIKO KOl TO
OTMTIKOYWPIKO, Omwg vrootnpiletar oto poviédo Tov 0o  Bpoyvypoveov

dwyeptotadv (Cowan, Saults & Morey 20006).
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B.1.2 MNHMH EPT'AXIAY. KAl MAOHXH

[ToAAég épevveg Katd T TeAevTaio YpoOvia vTooTHpiEav v vobeon OtTL 1
pvnun epyaciog eivar vmevBovn yio TIG OTOMUKES SPOPES TV KOVOTHTMOV
uédnong (Gathercole, Lamont, & Alloway 2006, Swanson, Cochran, & Ewers

1990).

H pviun epyaciog Bempeitor amapaitn yio otowadnrote tAnpogopio xpnet
puébnong, kabmng yepileton to epebiopato, GAANAETOPE He TN UOKPOXPOVT
pvnun kol tootoyxpova, emeepydleton kol amobnkevel g mAnpogopiec. H
HOKPOYPOVY UVIUT], O OTEPOVTOS OMOOMKEVTIKOS YOPOG TNG YVAOONG KOl TNG
eumepiag, etvor  e€loov  amapaitmtn ot pdOnomn, oAAd  mopovcralet
TEPLOPICUEVEG OLVOATOTNTEG MOC TPOG TNV OMOKTNON 1TNG YVAOONG KOl TMV
deComrov, yopic v vrootpiEn g Ppayvypovne kot g epyalopevng
uviune. H pvun epyaciog amotelel ekeivo 10 VTOGHGTNUO, LVIUNG, OTO OTOI0
ouVTIOETOL, TPOMOMOLEITAL KO KMOIKOMOIEITOL 1) YVAOON. X¥ed0vV Oha Ocq
nabaivoope kar Qopdpacte diépyovial amd TN Uvnun epyacias. o to AdYo
avto, B UTOPOVGAE VO TTOVUE TMOC 1) OLVOLUKT KO ATOTEAECUOTIKY AELTOVpYia,
¢ KaBopilet to fabud g péddnone. H anddoon, yio mapddetypa, oTnv oYoAK
TAEN, Kol M OVATTUEN TOV AEKTIKOV KOl AKOUONUATKOV deEI0THTOV, OTTMG ival M
avAyvVmoT), To HOONUOTIKA Kot 1 KoTtovonon KeEWWEVoy, eEapTdVIoL omd Tnv

KOVOTTOMTIKY AgtTovpyia TG LVAUNG Epyaciog.
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H oxéon petadd g evepyodg pviung, g Ppaydypovng uvnung Kot tng
uéOnong eivan otevn kat edparopévn (Berniger & Richards 2002, Swanson 2000,
Swanson & Berlinger 1996). Méow gpevvnrikav gvpnudtov £xel domotobei,
OTL To. Tadld e podnolokés dvokoiieg TaPOVCIALOVY GNUOVTIKY OVETAPKELN
otov Kevipikd emelepyaotn g epyalopevng puvnung (Swanson et al. 1990).
‘Exyouv o1e€ayfel katd kaipovg 01dpopeg Epeuveg, oTig omoieg £yovv ektiunOel
00 OpAdES TSIV G TTPOS TNV EMIOOCT TOVG GE UEYAAN YVOGTIKA £pyd TOL
AapBavovv yopa ot pvnun epyaciog (Henry 2001). O dwuywpiopds otig ev
MOy épevveg giye AdPet yopo peTa&d TV madudv Tov tapovsioloy padnciokd
TPOPALOTO KOl ATOTEAOVGOV TNV TPATY EPELVNTIKT OULAdA, LE EKElVO TOV ElYAV
exktiun el og VY Kol GLYKpPOTOVGAY TN dEVLTEPN OUAdA EPELVOC. XE Lo GLVONKN
TOV TPOAVAPEPHEIGOV EPELVAV, TpayLoTOTOMONKE cUYKPIoT HeTAEd OOV
TV 600 opddwv, ta omoia, dpwe, iyov avtictoryya 1Q. To cuunépacua NTov TOG
ol pobntéc mov eiyav pobnolokéc mpoPAnuata, TopoLGialov CNUOVTIKEG
dvokoAieg otig pvnuovikés aoknoelg (Pickering & Gathercole 2004) o¢
avTImapofoAn pe ekeivoug Tov dev eiyav. Xe OO0 OTOTEAEGLOTO KATEANEAY Kot
ot Van der Molen et al. (2007), pe épgvva mov ékovav oe modwd pe 1Q: 55-85.
Amepavinooayv, LAAIOTO, TOC TO VITOGVGTNLO TNG QWVOAOYIKNG EVIUEPOTNTOC, TO
omoio Bewpeitar vIeHOLVVO YO TAL YVOSTIKA TpofAfpata eivar Kaiplog onpaciog,
KaBmg pmopel va odnynoet oty dopbotikny (BepamevtiKn) ekmaidgevorn TV
Toddv pe podnotakég dvokoiieg. Ot Kyllonen, & Christal (1990), vmootpi&ov
OTL vmapyxel onuovtikny OeTikny ovVOEon MHETOED KOTOVONONG KOl UVIAUNG

epyaciog. Me €peuveg o€ evnAikovg damoTO®ONKE GLOYETION TTOV KLHOEVOVTOY
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and 0.80 péypr 0.90. Qot6c0, emeldr| T0. GTOLXEID TOVG OEV NTOV APKETA OLOLCL,

VIEDECAY MG 1| KATOVONGT GLUVOEETOL TEPICCOTEPO UE TIC YEVIKEG YVAOGELS TAPQ

HE TN PV epyacio.

Kevtpiko Xootnpa

Agwrovpyia DPOVoroYIKO KOKA®PO, E)yyov

KaBopiotikn yuo

AmoKTnon pokpompoBeoun ekpuddnom g
Ae&oyiov (POVOLOYIKNG LOPPNS TV VEDV
AeEewv

[TBavn cupPoin oty
€0OPEDT TNG ONUACIOAOYIOG
vémv AéEemv

Svpufoin otV avaTTLEN oG
Avayvoon OTPATNYIKNG PMOVOAOYIKNG Ayvoot
(amd)kmwdkomoinong

SVpUBoAN OTI CLUVTOKTIKN

z A ) t
vupoAn ot dnuovpyia Kot KOl GTLAGIOAOYLCH

dlTPNOT OGS POVOAOYIKNG

K . ,
ata}foncn ovoTapAoTOoNG Yio vIToononon anaéspyac} & ms
Kepévoo , ] , TANPOPOPIaG Kol 61N
NG KATOVONONG EKTETAUEVOD N .
, , OULYKPATNOT TOV TPOTOVI®V
oVUVOETOV UNVOUATOC ,
¢ enelepyociog
Koapia cvoppoin, extog omd v
A 4 14 )\’ 7 )\’ 14
\,/(xyv(nptcn nspmr(,ncm TOAVTAOK®V K’pl('58(0’\/ Ayveom
AéEewv OYETIKA [LE TN POVOAOYIKN dOUN
TV AMéEemv

Hivaxag 2. XvpPorny ¢ epyolduevng pviung otnv pdbnomn- amdkmon YA®WCGIK®OV

Aerrovpydv (Tpomomomuévog amd tovg Gathercole & Baddeley 1993).
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B.1.3 ATA®OPA OEQPHTIKA MONTEAA
MNHMHX EPT'AXIAX

‘Exer avamtoyBel péypt onuepa évag onuaviikoc opBpdg alidroywv
OeopnTiKdV HOVTEA®V avdAlvong TG UvAUNG epyaciag, To omoia  €youvv
KOATOYPAWYEL TNV €V AOY® UVIUOVIKY] OlEPYOCIO OvVOPOPIKE e ToV pOAO Kol TN
ONUOGIag TNG GTNV EMTELECT] TOV OVOTEP®V YVOCTIKOV OEPYACIOV, KOODG Kot
®G TPOG TO SAPOP YOPAKTNPIOTIKA yvopicpata e, Ommg eival o ypdvog

SLIPKELNG TNG KOL 1) YOPNTIKOTNTA TNG.

B.1.3.1 TO MONTEAO TQN ENXQMATQMENQN ATAAIKAXIQN

To poviého 1oV evoopatouéveov owdikacidv tov Cowan (Cowan’s
Embedded-process Model), mapovctalel v epyalopevn pvniun ooy 1o cOGTNUO,
0TO OTOi0 JLTNPOVVTOL Y10 TOAD KPS ¥POoVIKO Otdotnua, ¢ Ttééeme Tov 10

€m¢ 20 devteporémT@V, OAEC Ol TANPOPOPIEC TOL ATOULTOVVTAL Y10 EVOL YVOOTIKO

£pyo.
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Xoupova pe tov Cowan m epyalopevn pvnun stvor évo vmwooLGTNUO TNG
HOKPOYPOVNG UVIAUNG KOl 1] TPOcoy &ivarl €va vrosvotTua NG epyalopnevng
pvnune. Ipoteivovtac, ®¢ ek T00TOL £va GLVOAMKO GUGTIIO LWVIUNG GTO 07010 M
epyalopevn pvnun omoteAel T0 GOVOAO TV TANPOPOPLOV TOL SVVAVTIOL VO
gvepyomomBohv TNV OMOLONTOTE GTIYUT], TPOKEUEVOL VO, SIEKTEPAIDGOVY LU0
dwowkaoio. Ta otoreio avtd pmopel vo AmoteAOLV VEEC TANPOPOPiES TOV
glodyovror otnv epyalOpevn pvhun péow TG mPocoyng M, MOm, vmdpyovto
dedopéva TG LaKpOYPOVNG UVIUNG, T OTTolo ival GYETIKA e TO gpEBicua amo

TO OTO10 EVEPYOTOLOVVTAL Y10 VA PEPOVV ELG TEPUG.

H pviun gpyaociog eival n 60vBeon g mpocoyns Kol TV EVEPYOTOMUEVMV
otoyyeiowv. Zoppova pe tov Cowan, 10 cVOTNUA NG €PYALOUEVNC LVNAUNG
omotelel kot ovolav éva pelypo KWVATPOV, TPOCOYNG Kol GTOWXEI®V NG
HOKPOYPOVNG LUVIAUNG, TO. OTTolo EAEYYOVTOL OO TOV KEVIPIKO emefepyactn. Oa
umopovoae, OMAad, va modue TG M epYOUlOUEV] LVAUN OVOQEPEL TIC
TANPOPOpPlEG OTN HOKPOYPOVY UVIUN, N OTolo Evepyomoleital Tave amd Evav
CLYKEKPIUEVO 0VO0. XTO €V AOY® HOVTEAO, 1| TPOGOYY aVTIKANGTA TO YWPIoTA
VITOGUGTIUATO TOV KEVTIPIKOD EMEEEPYNACTH KO TOV SIOYELPLOTH EMEICOOIOV TOV
povtédov tov Baddeley, kot givan og 6éon va drayeipiotel tpia pe mévte ototyeia

™G evepyomomuévng maAnpoopiag kdbe @opd. H ovveionm enelepyacio g
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nAnpogopiag vmootnpiler ™ otabepn peTakivion Kot TOV TEPLOPICUO NG
TPOGOYNS TNV TANpopopio. mov OBewpeitor amapaitnn. Zouewvo LE TO VIO
avaQOopa LOVTEAO, Ol VEEG TANPOQOpies KaTaywpilovtal LE TG, 11ON, VILEPYOVCES,
0T0 1010 €VVOLOAOYIKO TAOIG10, KOl GUVETADG OVOGUPOVTOL EVKOAOTEPO. TNV

OTTOLTOVLLEVT] GTLYUN.

2oppova pe tov Cowan, 6Ty TEPIMTOOT TNG EKOVIKTG Bpoydypovng UVIAUNG
N ™G HaKpOXpovng epyalouevne Lviung, ot TAnpogopieg dev ebeipoviat pe 10
xpovo. Evtovrtoig, vmhpyer n mbavotnta va punv avacvpBovv, eite yiati to
EVWOWAOYIKO mAaiclo g omofrkevong aAlale, eite yuwtl  aveEdptnTeg
nnpopopieg, mapeumodiovv exeiveg mov avalntovviat. Qotdco, eivan
ONUOVTIKO Vo avapepBel TmG 1 LWVAUN CLVICTA o eviaia dour, oIV omoio ot
KOVOVEG GLYKPATNONG Kol armodnkevong etval opototl Kot 1oyvouvy yio kébe Epyo

(Cowan 2005).

B.1.3.2 TO MONTEAO THX EKTEAEXTIKHX ITPOXOXHX

Ov Kane xou Engle, mpoteivouv 1 Oewpio ¢ eKTEAESTIKNG TPOGOYNG

(executive attention model), (Engle 1996, 2002, Kane et al. 2001) xat
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angwoviCovv v epyalOpevn HvhUn ©¢ £va. LOVTEAD EKTEAECTIKNG Agttovpyiog
NG TPOGOYMNG, TO OTOI0 Elval €VOLAKPLTO Ao TN PpayLypovn uvnun. Ymobétovv
OTL M YePNTIKOTNTA TG £PYALOUEVNG UVIAUNG OEV OPOPA GTO LVTLOVIKO €0POG
™™g PBpaydypovng UvNUNG, OAAG GTNV KOVOTNTO TOL EAEYXOL TNG TPOCOYNG
OVOQPOPIKE LE TNV EVEPYOTOINGT TG TANPOPOPING KO TNV TAXED OVAKTNOT TNG.
O 6pog « €leyy0G TNG TPOCOYNG» AMTETOL TNG OTOTEAEGLATIKNG OLOTHPTONG TOV
epebiopatoc, TOL TEAMKOD OTOYOVL 1] TOV  EVEPYOMOMUEVOV  GLUVOPDOV
TANPOPOPLAOV KOt TNG EVKOANG TAPEUPOONG GTNV EMLTVYN OVOGTOAN U CYETIKMOV

epediopdtov.

B.1.3.3 TO MONTEAO OBERAUER’S FACET

O Oberauer (2000, 2003) owkpivel T pvun epyociog oe 000 YEVIKEG

OO TACELS: 0) ZTNV OYN TOV TEPLEYOUEVOL, 1| OToia TTEPLEYEL dVO TTaPBEYOVTEG,

TOV AEKTIKO KOl TOV aplOunTiko, Kot ) otov oynuatiko Kot yoptkd. H devtepn
dlotaon omotedeitol amd Tpelg YeEVIKEG O1001KOGIEC, TNV EKTEAECTIKY, TOL
CUVTOVIGHOV Kol TG eMifAeyns. Oswpel 6tL 1 pvnun mepleyopévou, v omoia
avagépel oav tavtdypovn amobnkevon ko emeEepyacio (simultaneous storage
and processing) eivar m kvpla Agttovpyion g epyalduevng uvaune. O

ovvtovicopdg (coordination) etvar 1 wovoOTNTO VO dMovpyel KovoOpleg oYEGELS
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HETOED TOV OTOYEIMV KOl VO TOPAYEL KOVOUPLEG TANPOPOPieg Kot 1 emifAeyn
(supervision) eivor vmevOLYVTN YO TNV  TOPOKOAOVONOM NG EMAEKTIKNG
EVEPYOTOINGTG TOV KATOAANA®V OVOTOPACTAGEMY KOl TV KOTOGTOAN TMV Un

GYETIKADV.

Xe wo mpoomdBelo KoAOTEPOL OayWPoHOL NG Ppoayvypovng omd TNV
epyalouevn pvnun, o Oberauer et al. (2003) opiCovv v epyalouevn uvnun og
po dtadkosion LETAPOPAG TS TANPOPOpiag 1 Tapaywyng véag tanpopopiog. H
ev Myo Bedpnom, ocvotivel v epyolOpevn UVAUN ©C o Agttovpyia

EMOVAANYNS N OUAOOTTOINGTG TOV GTOLYEIMV.

B.1.3.4 YIHOAOI'IXTIKA MONTEAA

A. Movtého ACT-R (Adaptive Control of Thought-Rational)

To povtého twv Lovett, Reder kot Lebiere (1999) avikel 6to y®po tmV
VPPOIKOV vIoroyoTikdV poviéhwv (ACT-R Model), kot kabopiletor amd pia
oT00epn VTOAOYIGTIKY OPYITEKTOVIKY], 1| oToia EQapUOLETOL GE OAL TO YVOOTIKA
épya. Oa pmopovoope vo movue Twg opoldlel pe ta poviéda twv Baddeley ko
Logie, emedn divel dwaitepn EUEOON OTN GTEVH] GUVOEST TNG TPOGOYNG ME TN
LU £pYOGTOG. ZOUPOVO LLE TO LOVTEAD QVTO, 1| €pYOlONEVN LV OOTEAEL TO

TIO EVEPYOTOMUEVO VTOCLOTNUN TNG ONAMTIKNG UVAUNG, ME OTOTEAEGUO Ol
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OVOTTOPOCTAGES TNG Vo €lval Opoleg pe ekeiveg g OmAwtikng yvoons. H
OMMAMTIKY] YVOOT OvVOTAPIGTAVETAL GOV KOUPol o€ €va dikTvo G610 Omoio ot
dlpopec  eloepyOUEVEG TANPOPOPIEG  YPNOLUOTOOVV  SPOPETIKOVG
cuvovacpovg ocuvdécewv. Ot Bgpehmdelg unyovicpoi mov ennpedlovv
Aertovpyio g epyalopevng pvnung eival ov akdéiovBou o) H gvepyomompévn
TPOGOYN, N omoia amotedel éva €1d0¢ Eviaomg ¢ Tpocoyng (attentional energy)
amd Tov TPEXOVTO GTOYO TPOG TOLG GYETIKOVS KOUPOVG TNG ONAMTIKNG LVIUNG Kot
B) n evmuepomrta tov KOpPwv mov &xovv evepyomomBel ot Pdom, M M
KaTooTPOPN Tovg. To dvo avtd &€idn g evepyomoinong ocuvvoéoviol Kot
kaBopilovv TV TPoSPacIUOTNTA TOV EVEPYOTOMUEVOY KOUPOV, LE ATOTELECHO
ot koppot, ot omoiol evicyvovtal, va Telvouy va Exouvv HikpoTtepn Kabuotépnon.
Ot ev Moyo pnyavicpol Bpiokovior dwapk®dg o€ Asttovpyio, emnpedlovtac tnv
mpdcsPfacn otn OMA®TIKY YvOOTN Kol EMTPENOVTAG TN Habnon 1 ™ ANon tov
avtiotoyy®v otoywv. Emopévmg, ov avamopactdoelg e epyalOUevne UviunG
elvan Opoteg pe exeiveg twv evepyomomuévov KOpPmv. Ot cuvdéselg Tov KOUPmv
umopel va yivouv pe O0QOpeTIKoVS TPOTOVG, OTMC,aKPIPAOC, Ol1popeTIKOl
dvOp®TOl K®OTKOTO0HV KOTA TPOTO O1POPETIKO Eva OO0 OVTIKEIPEVO, PAoEL
TOV OPOPETIKMOV YOUPOKTNPIOTIKOV TOV. Q¢ ek TovTOV, 6¢ £va (gVYOg KOUPmV

oL Tapovctdlel 6v0 otoryeia, T oToryEio avTA Umopel va givon TEPIGGOHTEPO 1)
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Mydtepo Opota petald oapopeTikav atopwv. H opodtta tov ctoyyeiov oe
oAl €pya epapuootnke ce moArEg peréteg (Baddeley & Lieberman 1980,

Logie 1996, Shah & Miyake 1996).

H epyaldpevn pvnun eivan éva cdotnua mov amotereital and d1depopa vmo-
otoyeia, Ta omoio cuvdvaldpeva, kabopilovv v TpocPaciuodTnTa 6e KAE Eval
KOppo. Ot meprocdtepo evepyomompévor koot eivar mo mbavo va avakAnbovv
o KpATEPO YPOVIKO Oldotnua, ce avtiBeon pe exeivovg mov vmoAeimoviot
gvepyomoinomng. Topeova He To TTapoOv Hovtéro, Kabe sioepyopevo epébicua
QEPEL 0L TOGOTNTO EVEPYELOG, 1| OOl KATA TPAOTO AOYO, TPEMEL VO LOLPOUCTEL
0T0 GTOXElD TOV AMOTEAOVV TO GTOYO Kol KATO O£VTEPO AOYO, VO SloY®PIoTEL
OTOVG YEITOVIKOUC KOUPOLG TOL GLGTNUOTOC NG ONAMTIKNG Yvadons. Opotot
KOUPot, KaBdg Kot OLOIEG dtadKacieg O1dyvLoNG TN EVEPYOTOINONG EUTAEKOVTOL
o€ OAEG TIC YVOOTIKEG OlEPYACIES, OTIC OMOIEG CUUUETEYEL I €pYOlOUEVT] LVvIuT).
Enopévoc, ta mo ocuvheta yvooTikd Epyo £(0VV GOV OTOTEAEGLLO TEPLOPICUEVN
emidpaon g epyaldpevng  UVAUNG,  €QOCOV  OMOLTOVV  EVEPYOMOINoM
TEPICCOTEPMV KOL O OTTOUAKPVUGUEVOV KOUPOV. Avapopikd pe To. TOADTAOKN
yvootikd €pya, 10 poviého ACT-R mapovcialer a&loloyeg mO0TIKEG Kot

TOGOTIKEG LETPNOELS, AVAUEVOUEVES KaBVOTEPNGELS KOl TOAVOTNTEG OVAKANOTG.
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H gpyaldpevn pviun yopoxtnpiletol mg T0 TO EVEPYOTOUNUEVO VITOGVGT LA
™G pakpoypovng pvnuns. Ta otoryeio g pvnung epyociog teivouv va givar ot
KOUPot eketvol TG ONAMTIKNG UVUNG, Ol 0Ttoiot £ival 6TEVE GUVIEDEUEVOL LLE TOV
TPOGPaTO 6TOYXO0 (dNMAadN ekelvov mov AapuPavel Tn HeEYOAVTEPT EVEPYOTOINGN).
Tavtoypova, Bewpeitar dvvatd va givar gvepyomompévol Kor GArlo kOpPot, ot

omoiol dev &lval ocvvoedepévol e Tov TPOSPAUTO GTOYO0, OALY dieyeipovtorl Ady®

™G LEYAANG evepyomoinomg T Pdong.

B. Movtého EPIC (Executive-Process/Interactive-Control Model)

To povtéro tov Krieras, Meyer, Mueller, Seymour (1999) avnkel, emiong,
GTO YDOPO TOV VTOAOYICTIKAOV HOVTEA®V YL TNV €pYalOUEVN LV Kot amoTeAel
M obvvbeon kdmowwv dAlwv povtédmv. To EPIC givar to povadikd poviélo mg
TPOG TNV avAnTTLéN ™G AAANAETIOpAoNC LETAED avTIANYNG Ko kKivnomg, Kabmg
KOl TO LOVO 7oL Oivel EUPaoT GTOV EAEYYO TNG GLUTEPLPOPES. ZOUP®VA LE TO
mopdv HOVTENO, M €VEPYOS UVIUN OmoTEAEiTOl a0 TOAAATAGL Ol1(POPETIKA
VTOGLGTNHATO, TMV OTOI®MV, O GLVTOVIGUOS OEV OT0dIdETAL GTIV AgtTovpYio EVOG

KeEVIPIKOV emeCepyaotn. Ocsmpeitor, avtiBétwg, mwg M epyaldpevn uviun
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eléyyeTon amd pio e€eldkevpévn ekteleoTiKn dladtkacia, mn omoio OTnpel,
avovemvel Kot xepiletal ta dedOUEVO TNG, TPOKELEVOD VO PEPEL EIC TEPAS TIG
depyacieg cvvrovicpov. H ocvvepyasio tov ev AOYy® vrocvotnudtomv odnyel
OTNV TOPOY®YN TNG GVUTEPLPOPAS. O TEPLOPICUOG OV EUPOVICETOL TN UV
gpyaciag tov EPIC givoar m memepaocpévn taydtnro g dwdikaciag kot m
KOTAPPELGT] TOL GLUPOMKOV KOOIKO KOTO TO Soy®popd g osOnnplokng
pvnune. Ta vroovotuata ¢ epyalopevne pvnung mailovv  moAAATAO
VIOGTNPIKTIKO POAO GTNV TOpaywyN TS TANpopopiog. Mia Aektikn TAnpopopio
amottel mopépPaomn omd TNV 0KOLGTIKN £pYAlOUEVN VAU, OO TN HVAUN TTOV
ocvoyetileTon pe TV mopaywyn NG, KaBMOS Kot amd T S1odKaGio TOV TEAIKOD
eréyyov. Opoime, M OTTIKY UVAUN, 1 KIVITIKY] LWV Kot 1) 10 dikocio EAEYXoV
ouvepyaloviol yuo TNV TOPOy®YN TNG ONTIKOYWPIKNG TAnpogopiac. Koatd to
povtého EPIC, m epyaldpevn ot m pokpdypovn pvhun eivor o0o eviehdg

OLLPOPETIKA GLGTNLATA, TO OTTO1a, OUMG, cVVEPYALOVTOL.

I'. Movtého Young ko Lewis

Ot Young kot Lewis (1999), mpoteivouv éva yeVIKOTEPO YVOGTIKO UNYAVIGUO,

0 omoiog Asttovpyel KOTE TPOMO CEPLOKO KOl ATOTEAEITOL OO Eva O1POUGIKO
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KOKAO omoOQoons, onAadn 6vo pvnues. Mo pakpoypovn 1 LVIHUN Tapoymyne,
amEPLOPIOTOL UEYEDOVE TOV amoBnkevEL LOVILO TN YVAOOT, KOl Mo SUVOULKT
pvnun, 1mn omoio ovykpoatel TIC TANpoeopieg mov amoutodvTol Yo Eva
CLYKEKPUEVO €pY0, £T01 WoTE va, e€apavifeTon LOMG tkavoToleital TO £py0 0VTO.
H pvnun epyaciog Aettovpyet mg €vog cvvioviotg petald tov mepiPaAriovtog
KOl TOL YVOOTIKOU cvotiuotos. Epeoviletor 0 coav puo oakpiry] pvhun, m
omoia &yt Ppoyvypovo yapaktipa. To tedevtaio avtd ctoryeio drapaivetol and
TO YEYOVOG TNG OLVOECNG TNG ME OTOYOLG KOl TpoPAnuato, To omoio Otav

1KOVOTTOLOVVTOL 1] EMAVOVTOL avTioTOLY O, 1| VUM epyaciag eEapavileTat.

2Ooppovo pe 10 Tapov Hovtéro, ot pnyovicpol g epyalOpUeEvNG HVAUNG
Bpiokovton drackopmicuévol kot oTig 0vo uvinuec. H pakpoypovn pviun yiveton
OVTIANTTT ¢ £V GVOTATIKO TNG EVEPYOVS UVIUNG, KaOMG KmIKOTOolel LEC® NG
uébnone, Olpopec TANPOPOPIEC OV TPOKVTTOVV Omd TN Olayeiplon EpywV.
Katd v ev Aoyom Oeswdpnon, m epyaldupevn pvhun oev omoterel Eexympiotd
cUOTNUA OO TN HOKPOXPOVI] HVAUN, €POGOV TopeUPAilovior cuvOnKeg

pdonong mov ennpedlovv tn Aettovpyia TG evePyoHS LVAUNG.
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KYPIO MEPOX

IHPQTH ENOTHTA

I'ENIKOX XTOXOX THX ITAPOYXAX AIATPIBHX

Ymv onuepwvn peta-GWAS (peta-yoviSiopatikn) exoyn eivor onpovtikd vo,
OVOKAAOYOLLE TOV TPOTO EMIOPACNS TV KOW®MV YOVISI®V-KIVOUVOV, To OToio
avevpédnoav pe tig peydlec GWAS peléteg enl v AEITOLPYUOV TOV EYKEPAAOV
o€ Olqpopa emimeda anaptiwons: Amd To HOPLOKO KOl VEVPOVIKO, GTO EMIMESO
OAOKANPOUEVOV  VELPOVIKOV OIKTO®V (Y. ME OOWKN Kol AETOLPYIKN
VEVPOOTEIKOVIOT 1] HE EKTIUNGT AEITOVPYIOV TOL eKPpdlovtor omd KOAd
TPOGOIOPIGUEVA VELPOVIKE diKTLA, OTIMG 1) TPOTOAUIKY] OVOGTOAT]), GTO EMIMESO
OAOKANPOGNG TOALDY VELPOVIKOV OIKTV®OV pHall (). e TNV EKTIUNOT T®V
OVOTEPMOV YVOOTIKOV/EMTEMKDOV AELITOVPYIDV), GTO TEMKO EMIMESO GLVOMKNG
0pYAVMOONS TOVL E€YKEPAAOL TOL OOUOPPAOVEL TN GLUTEPLPOPA (T.Y. UE TNV
EKTIUNON TOV YOPOUKTINPIOTIKOV Kol TNG OPYAVOoNG TG Tpocommkotnrac). H

dGaPNVIoN NG ENIOPACTC TOV KOOV YOVIdimV KIvdOVoL GE O TO, AVOTEP®
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eMimeda 0pyAvaoNg Kol AEITOVPYING TOV €YKEPAAOL, OmOTEAEL TALTOYPOVA KOl
dllGOPNVIGN TOL UNYOVIGUOV e TOV OToio To yovidio avutd avEdvovv tov
Kivduvo yio yoyikr] voco. Avtd Bo odnynoel 6 KOAVTEPT KATAVONGT 1TNG
TaBo@LGLOAOYING TOV YUYIKOV VOoWV, 1 omtoia pe T oelpd g Oa Peltivoetl T
ddyvoon tovg Kat T Bepameion Tovg TOV PEYPL GT|UEPA YIVOTAY EUTEIPIKA KO [LE
Bdon povo toL OpPATA (QPOIVOUEVOAOYIKO GLUMTOUOTO YOPIG aviioTtoryio pE TO

BloAoyuco kot yevetikd vdfabpo.

To evapktipo Prpo yw v enitevén tov mopamdve eivol 1 HEAETN NG
emidpoong  TOV  TOALUOPPIGUAV TV yovidiov  KwvdHvou emt
AELTOVPYLOV/CUUTEPLPOPDV VYLDV OTOU®Y amd TOV YEVIKO TANOLGUO 1| amd un
VOGOUVTEG GUYYEVEIC yuylatpikdv acBevov. Ewdwd or peAétec g emidpaong
KOW®OV YOVISIMV KIVOUVOL €M TOV EYKEPAUAKDV AEITOVPYLOV VYLDV ATOU®V OO
TOV YeVIKO TANOLGUO amo@ebyouy dStdpopo HeBodoAoyiKd TpoPfAUaTO TOV
oLYYEOVV EVIOVOL KOl TOIKIAOTPOTMOC TO. ELPNUOTO OO OVTIIGTOXEG UEAETEG OE
acBevelg Onmwc: M PapldToatn CLYYLTIKY EXIOPACT] TOV CLURTOUATOV TG VOGOU
EMl TOV UETPOVUEVOV EYKEPOUAMK®DOV AEITOLPYIDV GULUTEPIPOPAOV, 1 PapvTotn
ovyyLTIkn emidpaon g Oepameiag mov AauPdvovv ot acbevelg emi TV
LETPOVUEVOV  EYKEPOAIKDV AEITOLPYIDV KOl GLUTEPIPOPAOV Kol TO cofapd

CLYYVTIKO OTOTEAEGILO TTOV TPOEPYETOL OO TNV aAAayUéVT] doun Kot Agttovpyia
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TOV €YKePAAOL oToVG 0aobeveic WG emaxOAovBO NG YPOVING TOPOLGING TNG

vOGOL TOVG.

‘Etor, oty mapovoa Owtpifr] efetdoope tov  pOAO  TOV  YEVETIKOV
TOAVUOPPICUDV TPLOV SLPOPETIKAOV Yovidimv, ta omoia cvoyetiCovtor e
coPapn youykn véco o€ vy dtopa and tov yeviko tAnbuoud. I'a tig yevetikég
pekéteg pog emié€ape: A) Tov molvpopoiopd rs10503253 C/A tov yovidiov
CSMD1 mov &gl yapakmpiodel wg mapdyovtag kivdvvov yia oylloppévela. B)
Tov moAvpopeiopod rs1229761 G/C tov yovidiov FOXp2, 1o omoio sivat kevtpikod
OTNV OHOAY] avimTuén TG YA®GOGIKNG wovotntag. H eEEMEN g YA®wGokng
gkppaong eivor ovolaotikn oty tafouciodoyion cofapdv Yyoyikov vocmv,
onm¢ n oyloepévela, o avtiopog kot n AEITY, otic onoieg vapyovv evdeitelg
OTL eUMAEKETOL O VIO PEAETN TOAVUOPPIoOG Katl ') Tov moAvpopeiopnd rs4680
Vall58Met tov yovidiov COMT, tov omoiov 0 POAOC GTNV PLGIOAOYIKY
Aettovpyion Tov TPopETOMIOIOV PAOLOD £xel peretnBel diefodikd. Ot pavdTvmol
EML TOV OMOIOV UEAETNCOUE TNV EMOPACT TOV OVOTEP® YOVISIOV MTav 1
TPOTOAUIKT] OVOIGTOAY], 1 YEVIKY| YVOOTIKN 1KOVOTNTA, Ol EMTEMKEG AELTOVPYiES

KO TOL (OPOKTNPLOTIKA TNG TPOCMOTIKOTNTOG.
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ME®OAOI

YOPUNETEOVTES 6T HEAETY

To vmokeipeva G €pevvog mpoNAbav amd T0 TPMOTO KOUO TOV
ocoppeteyoviov g kooptng LOGOS (Learning On Genetics Of Schizophrenia
Spectrum). v kodpt LOGOS efetdodnkav 1149 véor avopeg (néon niwio
21.95 £+ 3.5, Evpog: 18-29), kinpwtoi and tov EAAnvikd Ztpatd, ot omoiot
emeléynoay pe Toyxoio Tpodmo KaTd TO Ypovikn mepiodo amd tov lovvio Tov 2008
¢wg tov Defpovdpro tov 2010 kot ot omoiol TAnpovcav Ta KprTpla EviaEng /
amokAelopov (PA. mapakdtm). H pedétn AduPoave yodpa Kot TIg TPOIVEC DPEGS,
peTa&y tov dtaotuatoc and 9:00 émg 15:00, oTIg 10TPIKES EYKATAGTACELS TOV
2TPOTIOTIKOY GTPATOTEOOV EKTTAIOEVONG TOV LTOYNPI®V TS Xx0ANS Epédpmv
Aliopotikov TleCiwcov (XEAIT) tov Hpaxieiov Kpnmg. T 1 dtevkdAvvon
TPOUYLOTOTOINONG TNG £PELVAG, TapaY®PNONKAY VO YDPOL, TOPUKEIPUEVOL TV
WTPIKADV EYKATUCTAGEMY, Ol OTO101 LETATPATN KOV, KOATAAAMAW®G, GE EPEVVNTIKES
aiBovoec deEaywyng dokipacudy. Metd and kdbe dnpdclo mapovsioon Twv
peBOOMV Kol TOV GTOY®V TNG LEAETNG OTNV EKACTOTE S1AO0YIKN GEPA TV VEWOV

KAMPOTOV, OAOL Ol GUUUETEXOVTEC, Ol OTOi0l TPOOBVLUOTOLOVVTAV VO EPYACTOVV
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efelovtikd, Aapupovay Evo AETTOUEPES EVIUEPOTIKO OEATIO KO LTOYPEOVVTAV VO,
ocvykatatefodv ypamtdg Kol evLmOYPAQP®g mptv and v e&étoaon. Kdbe
vrokeipevo vroPANOnke oe pio Ko povaodtkr e€€taom o Tuyoio YpPovIKY GTLYUN
KOTQ TN OdpKel TG  SUNVNG OTPATIOTIKNG TOV EKTOIOELONG GTNV €V AOY®
eykatdotaon. H perém eykpidnke and v Emrponr HOwmg kot Agovroroyiog
tov [Tavemotpiov Kpnng, 10 Avotato Emtedeio tov Ztpatod kou 1o I'papeio
vyio v Ilpoctacio twv Ilpocomkadv kot EvoaicOntov Asgdopévov tov
EAMnvikod Kpdrtovg, kat dieEnydn cvpepmva pe t Ataknpovén tov EAcivit. Olot
ol CLUUETEYOVTEG glyov mpOopata eAeyyBel Yoo TMV TPEYOVCO COUATIKY KoL
YUYIKT] KATAGTAOT TG LYEIOG TOVS amd TIG WTPIKES APYES TOV GTPATOV KO 1TOV
ocopatikd vyl kot ammAiaypévor and cofapés yuykés acbéveles. Qotdoo,
Olo to vrokeipeva vroPAnOnkoav o cvvroun dounpévn NevpoyvyloTpikn
ovvévtevén katd SCID-I pe to Mini International Neuropsychiatric Interview
(M.L.N.I, Sheehan et al. 1998) ywa ™ AMyn 0L 1WTPIKOD 1GTOPIKOD TOVE, GE
TOEWKOAOYIKT] OVOALGT OVPMV Y10l TNV EKTIUNOT TNG PLGIKNG TOVG KATAGTOONG,
kaBng kot o a&loddynon tov Agiktn Eveviog (IQ) pe to Raven’s Progressive
Matrices. Ta kprtipia évraéng Nrav: (1) Yyieig dvopec, mpoo@dtme, KANpmTol,
(11) doe&loyepeg, (i11) GLYKATATIOEUEVOL EVOTOYPAP®S KATOTLY EVNUEPOONG

(mAnpovvtav and 1254 dropa). Ta kprriplo arokAeispov frov: (i) [Ipocwmikod
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OTOPIKO TPOVUOTICHOV 1TNG KEPUANG KOl COPOPOV EVEPYDV COUATIKOV N
VEVPOAOYIKAOV VOG®V, (11) TPEXOVGA YPTOT] GLVTAYOYPUPOVUEVOV QOPUAK®V T
efotikav ovowdv, (ill)) TPOCHOMIKO 1) OIKOYEVEWKO 1OTOPIKO YLYLOTPIKNG
dwrapayng otov Afova I, omwg opiletor amd6 1o DSM - IV. Olot ot
ovppetéyovieg Ntav Koavkdowot, Pdoet avtoavaeopds kot Pdogt avaivong
STRUCTURE (Pritchard et al. 2000), pe ™ ypnon &vog TAVEL YOVIOLOK®OV

dektv kataywmyng (ancestry markers) (Roussos et al. 2009b).

Avtoadrordynon XovareOnpotikig Katastaocewg péom tov kmpdkov VAS,
TPV KoL HETA TN dradikocio pétpnons Tov Avakiootikov Startle,

Ta vrokeipeva, Katd TNV AEIEN TOLS GTO EPYACTNPLO (GTO YDPO €EETAONG),
a&toAoyohvtay Yo T CUVAICOMUOTIKY TOLG KATAGTOGT (EYPNYOPoN, GyYOS Kol
dvoeopin) HEGm T0V GvoTNUATOS a&loAdynong 10-Cm g ONTIKNG AVOAOYIKTG
KAipaxkag VAS (visual analogue scales) (Bond & Lader 1974). H diadwkacio
Eexwvovoe pe pia mepiodo mpocappoyne 4 Aemtdv, n omoio akoAlovdeito amd tnv

nepiodo  mpoetolaciog  TOV  LROKEWEVOV Yy v afloAdynon g
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AVTOVOKAOGTIKNG GVGTOONG TOL Ttepto@Oaipkod podg (startle testing), katd v

010{0 AVOKOLVAOVOVTAY 01 0ONYIES Y10 TO GUVOAO TNG O1AIIKAGTOG.

Extipnon 7tov  AwsOntikokivntikod HOpod péoow perpiioews g
Mpomoipikis Avactoris (PPl) 7Tov 0koveTIKOO AVTOVOKAMGTIKOD

AlQVio1oopnov.

O aeOnTuokivnTiKog NOUOS amoTeAel KEVIPIKO OVOGTOAATIKO UNYOVIGUO, O
omoiog Ppiokerar oty PAon TOV AVOTEPOV YVAOCTIKOV AEITOVPYLOV GTOV
dvOp®TO Kol KAVEL OPOTY) TNV TOPOLGIO TOV, OTWG TOV UETPALE OVTIKEUEVIKE GE
ocuvOnkeg epyaotmpiov (0eg mapakdtw) pe v péBodo ¢ Ilpomoipukng
Avactolg (ITITA) tov axkovotikod avtavokiactikov (Acoustic Startle)
aipvidtacpov (AA) (Swerdlow 1996, Braff 1999, Granholm et al. 1999). O
MO Aettovpyel amd To TPOLN GTASIN EIGOO0V-EMEEEPYAGIAG TG TANPOPOPIOC.
O poloc tov elvar O1TtOg, KAOMS, apevog mpootatevel 0 KNX amd v
evdegyopevn emiPdpovon mov pmopet va vrootel, Adyw ¢ EAevong adldpopmV
epebiopdTov Kot apetépov, Pondd TtV mTPOCOY| VO EMIKEVIPMVETOL EMIAEKTIKA

OTI T ONUOVTIKEG YO TOV OPYOVICUO TEPPAALOVTIKEG TANPOPOPies-
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epebiopara (Swerdlow 1996, Braff 1999, Granholm et al. 1999) (BA. Eiwcaywyn).
O 6pog Ipomarpikny Avactorr] (ITITA) tov avTOVOKAQGTIKOD OLOVIOIOGHLOD
(AA) avaeépetar otV Hel®O™ TOL €0POVS TOL €V AOY® AVTAVAKAAGTIKOV (PA.
Ewaymyn), 0tav éva oyetikd acbeveg epébiopa (mpomaipog) mponyeiton kotd 30
- 500ms tov évtovov ekivtikov gpebicpartog (moipnog) (Hoffman & Wible 1969,
Graham 1975, Hoffman & Ison 1980, Ison & Hoffman 1983).

[a v épeguvd pac, ypMNOLUOTOMGOUE Uiol CUGKELT] MAEKTPOULOYPAPIKNG
KOTOYPOPNG TOL OKOLGTIKOV avVIOVOKANGTIKOL aipvidiacpov (EMG SR-LAB,
San Diego Instruments, San Diego, California) péow tg cbomaong tov de€100
nepro@Boipikov podg. Ta exhvtikd  gpebicpata (maipol) ovviotavio oe
opvidleg ekmopuméc Agvkov BopvPov, ypovikng didpkelag 40-ms Kol eEVIAGE®G
115-dB, evd ot mpomaiol cuvioTovto o€ apvidieg ekmouméc Aevkod BopHPov
YPOVIKNG dtdpketag 20-ms, evtdoemng 75-dB kot 85-dB (5 ko 15-dB avtistoiymg
navo amo tov 70-dB 06pvPo vroPddpov). Ot kataypagés Eekvodoay 3 Aentd
petd v €vapEn tov Nyov vrofadpov, ypovikd SAcTNU OTAPOITNTO Yo, TV
TPOGOPUOYN TV cvupetexdvtov. H mepiodog kataypaeng mepieAdpfPave 12
EKTIOUTEG UELOVOUEVOV TOAUDV Kol 36 EKTOUTEC GUVOVACUOD TTPOTOALOV-
maApov. [paypotomrombnke ypnon Tpudv KOPIOV ¥POVIKAOV SOGTNUATOV (0o

mv évapén tov mpomaiuod Emg v évapén tov maiuov) (30, 60, kot 120 ms).
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[Ma kaOe ypovikod daotnpa, vanpéov €51 Tpoomadeieg e TPOTAALO EVIAGENS 75
dB kot é&1 mpoomdBeleg pe mpomond evtdoews 85 dB. Oleg ov mpoomdaOeteg
npaypatorombnkav pe pio yevdotvyoia cepd, pe oV mEPLOPGUO 0Tl OVO
opoteg mpoondBeleg dev pmopovcay vo cupPoiv dtadoykd. To xpovikd StdcTnua
peta&y dvo mpoonabeidv kopdvinke omd 9 £mg 23 devtepdienta (LEGOG OPOC
15s). To cvvoAikd ddotnua deCaywyng g e&étaong Nrav 15 Aentd. Katd
peAétn pog, eEetaotnkay 936 vmokeipeva, 060 Yoo T0 PAcCKO OVOKAOGTIKO

OLPVIOIOGLOV, OGO KOL Yol TV TPOTOAALLKT) TOL OVOGTOAN.

Nevpoyvootuikiy Extipnon (Neurocognitive Assessment)

[Mo ™V eovoTLTTIKNY EKTIUNGT TOV EMTEMKOV AEITOVPYLDOV YPNCLLOTOUONKE
n Cambridge Neuropsychological Test Automated Battery (CANTAB), n onoia
wepapfPdvel pio cvotoryion U AEKTIKOV  VELPOYVYOAOYIKAOV OOKILOGLOV
(Stockings of Cambridge, Spatial Working Memory, Rapid Visual Information
Processing), yopnyoduevov pe ™ PBondeta pog 006vne apng vwnAng avaivong
(Advantech) koM piag «aipiag oamdvinong (amdvimon-kiedi). Emiong,

ypnooromonke pia cepd EMMPOCHETOV VELPOYVOOTIKMOY OOKILAGIOV, Ol
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omoieg yopnyovviav amd niektpovikd vmoioywotr (N-Back Sequential Letter
task, Wisconsin Card Sorting Test, lowa Gambling Task), evd ot Aektikég
dokipacieg Stroop Color/Word Interference Test won Word Lists subtest of the
Wechsler Memory Scale-Revised yopnynOnkov pe khacoucd «pencil and paper»
1pomo. ‘Orot o1 cuppeTéyovteg vroPAnOnKayv o Kabe pio omd T doKIpacieg,

Yl TIG Omoieg aKOAOVOEL AemTOpUEPTC TTEPLYPAQPT], LLE TNV 1010 GEIPAL.

I. Stockings of Cambridge (SOC-CANTAB) yw v a&ordynon g
KAvVOTNTAG oxedlopov  emidvong  (apnpnuévav) mTpoPANUATOV N
ocvvateOnuatikov yapoaktiypo (Owen et al. 1990).

Ta vrokeipeva kalovviatl va, avadlataovy pe tov eAdytoto dvvotd aplouod
KIVOE®V, «UTAAES) OV TaPoLGLAlovTay o€ E101KE SLOLOPPMUEVES ONKEC GTO
KT wod g 006vng, £tol mote o1 B€celg Toug va taptdlovy pe T «Béoelg
oTOYOVG» OTIC OToieg PpioKovTal Ol OVTIoTOLES YPOUOTIKA UTAAES OTO AV®
Nuov g 006vne. H dokpacio Eekivdet yio o vokeipevo pe 2 kot 3 duvotég
KIVNGELS, OOV KOAEITAL Vo EMAVGEL EVKOAOTEPA TPOPAaTa Ko cuveyileTon pe
4 kot 5 dvvatég Kvnoelg, 6mov o TpoPAnuato yivovtalr dvokordtepa. Ta

VTOKEIUEVO KIVITOTOLOUVTAL VO, GXESIACOVY VONTIKE TNV TANPN akolovdia Teov
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KIVI|GE®V, Ol OMOIEG OTOTOVVIOL YOl TNV EMIALGT TOL TPOPANUATOS, TPOTOV
wpoPodv otnv mpdTN TOoVS Kivnom. O apyikdg xpoévog okéyng (ITT) mpwv and v
extéleon g mpoOTS Kivnong, o akodilovbog ypovog okéyng (STT) yw v
eKTELEON OAMV TOV WETEMELTO. KIVIGEMV, KOl TO TPOPANUOTA TOL EMADOVTOL
oMot PE TOV gAdIoTO 0plOUd Kivnoewv Kataypdaeovtol. H elmmg anddoon
otn odokwacio ovty petaepaletor o Ppoaydvtepo ITT (Aydtepo ypovikod
TpoypappoTiopo), ko pokpvtepo STT (tepiocdTEpO YPOVO YO0 TNV EKTEAEGN

TOV KIVIGE®V OV Oa dMGOVV TN AVo™) He Ayotepeg dploteg ADGELS.

I1. Spatial Working Memory (SWM-CANTAB) yw v a&loAdynon g
YOPIKNG WWNUNG EPYaciag Kol TNV avantuén otpatnykne (Owen et al. 1990)

H Aoxipocioc SWM gréyyer m yopwn pviun epyaciog kot yopoTasikng
otpotnyikns. Ta vmokeipeva xoiobvtor va  avalnrodv péoo amd Evav
avéavopevo otadlakd aplud (6vo, tpelc, téooeplc, €61 KOl OKTM) KOVTIDV-
TETPAYOVOV, TO omoia gpeaviCovtal tuyoaio og didpopa onueio g 006vNg, £mg
OTOL aVAKOAVYOLV €va Lévo GOUPOLO TTOV, OVA TAGO GTLYUY|, Eilval KPLUUEVO GE

éva and ta mpoParidpeva teTpdymva. To kAl v 0dnyldv, ol omoieg divovral
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e apyne, eivar 0t 10 cLUPoOAO pmopel va Ppebel evidg evOg GLYKEKPIUEVOD
TETPAYOVOL UOVO oL QOPA, UE OTOTEAECUA TO €V AOY® TETPAYWOVO Vo, UV
emrpémeTol vo enavaypnolponombel, kabwg dev empoxkerto moté Eavd va
nepLEYeL To cVUPOAO. Xe kAOe doxipacia, KAOE KOVTI-TETPAY®VO YpNopomoteiTat
p opd ¢ amodEKTNG TOL GUUPOAOV, £TC0L MCTE O GUVOAIKOG aplOUOg TV
GUUPBOA®V TTOL OVOUEVETOL VO OVOKOALEOOVY va. avtioTotyel otov apliud Tmv
KOLTIOV, T, ortoio epeaviCovtal oty 006vn. Ta Adbn Babroroyodvtal copemva
HE ToV aplipd TV TEPIMTOCEMV KOTA TIC OTOIEG TO VITOKEIEVO EMIGTPEPEL Y10l VO
avoiel éva teTpdymvo - kovti 6to omoio &xel, MoM, Ppebel to cvuPoro mov
avolnteitol. Mo OmOTEAECUOTIKY] OTPATNYIKN YL TNV OAOKANP®OT TOV
oLYKEKPIUEVOL  €pyou  givar va  akolovBobv o wpokoBopiopévn  GeEpd
avalnmong. Avtd onuaivel TOC N OTOTEAEGUATIKOTNTA eVvEYXETAl 0T0 €ENG: H
évapén g dwdlkaociog TPEMEL VA WPAYUOTOTOlEiTOL  mAvTo amd  Eva
ovyKekpiévo kovti, ®ote kdBe @opd mov evromiletor To oLUPoOAO, Vva
EMOTPEPOLY Ko va EeKvovv 11 dtadkacio avalntmong yio kabe véa celpd e
10 1010 kovti. O Pabudg otov omoio 10 &v AOY®w emavalappovopevo potifo
avalTnong YPNOOTOLEITAL MG GTPATNYIKY, TPOKEWEVOL va, 600el Abon oto
TpOPANUa, ekTipndtor and tov apldud TV cEpdv avalnTnong oTI omoieg

Eexvolv e To 1010 TETPAY®VO, 010 KABe €va amd To mo dVOoKOAN 6- Kot 8-
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KouTId-teTpdymva tpofAnuata. To chVoro aVTOV TV OTOTEAEGUATOV TOPEYEL
éva eviaio PETpo oTpatnYIKNG Yoo kKOs vroxeipevo, pe v vynin Padpoioyia
(évapén moALDV GEPAOV e EVaL SIOPOPETIKO KOVTL) VOl VUL OVTUTPOCHOTEVTIKY

NG YOUNANG XPNONG TNG CTPUTNYIKTG KAl TO AVIIGTPOPO.

III. Rapid visual information processing (RVIP-CANTAB) vy v
a&loloynon G ECTINGUEVNC/TAPOUTETOUEVTG TPOGOYNG KOl TNG EMXAYPOTVNONG

(Park et al. 1994).

Ta dtopo xoAoOvtolr vo evtomicovv Owdoykés akoiovdiec «ymeimv
otoYOV», T0 omoio mapovcsidlovtal o€ mocootd 100 ymoio avd Aemntd vy 4
Aentd. Or amavtoelg Katoypdeovtal HEG® NG mieong evog kovumov. Ta koplo
pétpa emidoonc, ta omoio Aapfdvovror vwoyn eivarl: dBpolcpa emitvyudv(total
hits) (o apBudg TOV GTOYOV MOV EVIOTMIGTNKAV CMOTA), GOPOIGUA OTWAEIDV
(total misses) (0 aplOUdC TV oTOY®V TOL deV EvIOTioTNKAV), AOPOIGHA YEVLODV
anavimoewv (total false alarms) (o apBudg TV anavincemv mov d0ONKav €v
amovcio 6ToY®V). ATd avtd, o1 vroAoyiouol g evorsnoioc (A ": tdom mpog

aviyvevon oakolovtidv oTOY®V) Kol NG TpoKaTEMNUUEVNS amdvinong (B': 1
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tdom va aravtovv aveEaptnto omd TS akoilovbiec otOYoLS) sivar emTevELOn
pécm g Bewpiag aviyvevong onudrov (1, 2), n onoia Aappdvel veoOyn 1660 TV
mhavotmrta emtvydv amavinoemv  (hits), 6co kot v mBoavotnTa YeLOOV

anavimoewv (false alarms).

IV. N-back Sequential Letter Task (niektpoviki] £ékdoomn) yio v aEloAdynon
™G OTTIKNG LVNUNG epyaciag (Braver et al. 1997)

H dwdwcacio n-back ivarl po doxipacio pvnung epyoasciog, n oroio enttpenet
TOV QUEGO YEWPOoUO g mAnpogopioc. Katd v ovykekpiuévn odwdikociol,
Qoivetal vo. GUUUETAOYEL éva €VPL OIKTVO TEPLOYDV TOL EYKEPAAOL HE TNV
payloio gvepyomoinon Tov TPOUETOTIAIOL EAO0D va. g€ival Tto To oTtadepd
eopnua. H dwdikacio meprhapfdver téocepelg ovvonres (0 -, 1 -, 2 - xou 3-
back), 6mov To vrokeipeva KOAOLVTOL VO OTAVINGOUY HEGH TNG THEONS €VOG
KOLUTTOV, KOTA TNV YPOVIKY| oTtyur] mov PAémovv éva yplupa-otoéyo (m.y. 1o
ypapupo «X» yuw v ovvOnkn 0- back xor xdBe ypaupo to omoio &ivat
TOVTOONUO pE KAOe o amd TIc avtiotolyeg cuvOnkes mov akoiovbovv 1-back,
2- back, 3- back). Ot petapintéc, tic onoieg Aapupdvovue mg amotéleoua givot o

ap1OUOC TV COCTAOV OTOVICGEDV Kol 0 YPOVOG VTIOPAOTG.
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V. Wisconsin Card Sorting Test (WCST-niektpoviky] £kdoon) vy v
a&loloynon g KavoTTog YVOOTIKNG eveMélag (TpocapUoyn TG GTPATNYIKNG
€1g amdvinon Tov petoformdv tov mePPdAiovtoc) Kot ekpdOnong Kavovav

(Birkett et al. 2008)

Xpnotpomomnke o nAektpovikr ékdoon tov WCST. H dwdwaocio
nepthapPdvel téooepelg kdpteg-epedicpata, ot omoieg motkiAlovv petald Tpuodv
TapopUETpOV  (xpdu, oynuo, opBudc). Xtovg ovupetéyovieg oivovtav 36
Kapteg, o1 omoieg kupaivovtay HeTa&d TV 01V TOPAUETPOV KOl KOAOVLVTOV VO
CLUVTAUPLAGOVY To. PUAAA TG TpdmovAag e pia kdpto - epébiopa. Xtnv 006vn
TOV VIOAOYLOTH EUQavICOTaV 1 €vOelln «Right» yio TIC 6mOTEG avTioTOYiEC KO M)
évoelEn «Wrong» vy T1ic AavBacuéveg, ympig, OUMG, Vo OMOKUAVTTETOL 1)
oTPOTNYIKY OA0YNC. MOMG, KaTyoplomoloHvtay cmcetd 6 GuVEXOUEVO VAL,
0 kovovac otov omoio Poacilotov M OlAOYn TOV VLTOKEWEVOL, GAAALE.
XpnooromOnke, LAAMGTA, p0 TPOTOTOMUEVN €KOOCT TNG dOKIHAGING, OT®G
TPOTEWVOTOV omtd Tov NEAGOV, CUUPOVA He TNV omola o €£gTaoTng €lye MV
VIOYPEMOT VO EVNUEPADOVEL TO LTOKEIPUEVO KABE @opd mOL 0 KOVOVOS TNg
avtiotowyiog énpene va petaPAndel. H emdoyn g ev Adym ekdoyng €ytve, xopn

oto emyelpnuata tov Nelson, 0Tt 1 cvykekpuévn tpomomoinon kabhotd
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COQPESTEPO OVTO TTOL UETPLETAL Ad TNV dndlKacio Kol petwvel v mhoavotnto
napavonons. Metapintég €kPaong Ntav 0 GLVOMKOS aplBUOS TOV KATNYOPLDV,
ot omoieg emtvyyavovrtayv, Milner-type emipova Ad0n [AdOn mov Aapupovayv yopo
o0T0 aUécm¢ Tponyovuevo otadio g dokpaciag], Nelson-type emipova Adbn

[6Aa ta dAAa emipova AaBn], kKot 0 GuVoMKOS aptBrdS ALabav.

VI. lowa Gambling Task (IGT-niektpovikiy £k6061) TPOKEWEVOL VL
aorloynBet 1 AMyn anopdoewv oe TPOPANUATO LVTO  GUVOIGOMUATIKY
eopTIoN/IKOVOTNTOL Yoo KOTAAANAN  cvvaucOnuotiky  emefepyacio.  TOv

gpebionaroc (Bechara et al. 1994).

Ol GUUUETEXOVTEC SEYOVTOL TNV EVTOAN VA ETAEYOLV KAOE QOpd Lo KAPTOL €K
TOV TE0OAPOV oTolPdv amd Kaptes (A, B, I', A), ot omoiec eppavifovion otnv
006vn. Qg oto)0¢ T0VG, TPOocdlopileTan T0 KEPSOS TO dLVOTOV TEPIGGOHTEP®V
ewovikov ypnudtov. Ta vrokeipeva dev yvopilovv 0tL ot otoifeg A ka1 B
ouvoéoviol HE VYNAN  ypNUOTIK apolPr), OAAG Kot vynAd  TpOoTIHQ
(vopopotikég ammAeteg), eved ot otoifeg I ko A mepiéyovv yopunAOTEPES

avTopolPéc, aAld Kot pikpotepeg mowéc. H vikn 1 ) andAgia, mov cuvoeTon e
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TNV EMAOYN OGS KAPTAG, EUPOVICETOL OMTIKA HUE GLYKEKPLUEVN EVOEIEN OTNV
006vn. Qg mpog 11¢ 100 cuvolikd dvvotdtnteg EMAOYNG, OTAV Ol TEPICCOTEPES
TPOTIUNGELS apopovv otnv otoifa ' kar A odnyodv oe kabapd KEPAOC, evd
avTIf€TmC, Ol €MAOYEG OV APOPOVV OTIC GAAeg O0V0 otoifeg 0dnyoLV o€
peyaAvtepn anmoiew. H dwipeon tov duvatdv emAoy®dv 6€ S5 Ol0POPETIKES
opadeg Kaptav, 6mov 1 Kabe o mepthapPdver 20 kdpteg, pog EMITPENEL Vo
kaBopiCovpe t0 MOCOGTO NG WAONong katd N Odpkew Tov Epyov. Ta
amoteAéopota TEPIAAUPAvOVV: (0) TOV GLVOMKO aplBUd TOV KAPTMV, Ol OTTOIES
emA&yovtor amd T mAeovekTikég otoifec I kar A, peiov Tov cuvoAikd aptBuo
TOV KAPT®V, Ol 0moieg emAéyovion amd T1g "emikivovves" otoifec A kol B. H
emitevén vyniotepng Padbuoroyiag stvonr dnAwtikn kaAvtepng enidoone, (B) to
GUVOAKO YPNUATIKO TOGO, TO 0moi0 KEPOILEL TO VITOKEIEVO KO (Y) TNV COOPIKT
puébnon, n omoia xabopiletar amd T SPopd HeTOED TG OHAdHS S Kot NG
opdooc 1, tov apiBuov, dnAadn, TV Kapt®v, ol omoiec petagpdlovtal o€
TAEOVEKTIKEG EMAOYEG Helov Tov aplBod TV Kapt®dv, ot omoieg cupPoiilovy Tig

AavOacpéves emAoYES.

V1. Stroop Interference Test (pencil and paper) yw tov €éAeyxo ™G eTAOYNG
™G KATOAANANG omdvinong Kot Tnv oviictoon oTn YVOOTIKN Tapeufoin
(Golden et al. 1978).
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Xpnowonomnke 1 évronn ékdoon ¢ dokipaciag avthg. Ta vrokeipeva
KOAOVVTOV VO EEETAGTOVV GE TPELS GLVEYOLEVEG EVOTNTEG TNG doKaGiog, Oov N
kaBepio draprovoe 45sec. Katd v mpatn, elyav v vroypéwon va dafdcovv
TOL OVOLLOTO TOV YPOUATOV, TO OTOl0 NTAV YPOUUEVO HE LOVPO HEAGVL, KATA TNV
deVTEPT), KOAOVVTAV VO, OVOUOTIGOVV TO YPOO TOV TPOTVTMOV KOl KATA TNV TPiTN
Kol televtaio evOTNTO EMPENE VO TPOGOOPICOLV TO YPMOUO TNG UEAAVNG LE TO
omoio Ntav TuTopéVn N AEEN, aAAG eV TOTILOTAV LE OVTO, TO OTTO10 AVEYPAPE N
AEEN (.. M AEEN «KOKKIVOY, TUTTOUEVT LE UTTAE LEAAVL EMPETE VO (OPOKTNPLOTEL
og umie). O1 ev Aoy dadikaciec katéAnyav otn ANyn tplov Padpoioyldv: o)
Word (W)/AéEn, B) Colour (C) / Xpoua kot y) Colour -Word (CW)/ Xpopo-
A€&En score. H mapeppoin vroroyilotav pe tov tomo CW-CW’. Onov CW’ fjtav
0 "mpoPArenduevog apBudg twv Aégemv", T1g omoieg To vrokeipevo Ba pmropovoe
va, ovopaticert oty CW  kotdotaon kor mpoegpyotav amd TOv  TOTO

(WxC)/(W+C)= CW’.

VII1. Word Lists subtest of the Wechsler Memory Scale-Revised (pencil and
paper) yio v a&loAdynon ¢ KavOoTnTe Yoo AEKTIKN pabnon kot pvAun
(Wechsler et al. 1997).
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Mo AMota 12 AéEewv dwaPaletar, kot Ta vrokeipeva Kalovvtot vo, Bopunbodv
00eg mePLoGOTEPEC AEEEIG UTOPOVY ad TN CLYKEKPLUEVT AMoTO e OTOLOONTOTE
oelpd emBopovv (dpeon avakinon). H ev Aoyo dwdwkacio eravoarapfavertal
TEG0EPEIS POPEC. MeTd TNV TéTaPTN POPAQ, TAPEUPAALETOL ol SOKIUAGTIOL LE Lol
véa Moto AéEewv, OmOL T VIOKEIEVA KaAOVVTOL Kol TOA va BuunBovv dceg
nePLocdTEPES AEEEIG UmOPOVV amd TNV Kowvovpyla Alota. Metd 1o mépog g
ovyKekpIEVNG dokipacioc, (nrteitol omd TOVS EKACTOTE GUUUETEYOVIEG VA
EMAVOKOAEGOVV OGEC TEPIOGOTEPEG AEEELG LITOPOVV O TNV TPMTN Alota AEEemV
(nkpn kaBvotépnon oty avdkinon). Tpidvta Aentd apydtepa, To VIOKEILEVA
KaAovvTot Kot T va BounBovv tov peyaAdtepo dvvatd aplud ALEemv and tnv
npd™n Mota (peydin kabvotépnon oy avdkinon). To 1ot oAokAnpdVETAL LE
po doKIacion avoyvaopiong — WvNiung, mov givor  €ENg: por Mota and Aégelg
dwPaderat, Kot To VTOKEILEVA EPMOTOVVTOL, TPOKEUEVOL VA TPOGIOPIGOVLY HECH
TOV HOVOAEKTIKOV amavtinoewv «NAD» kot «OXI», ekelveg tig AéEelg mov
nepapfBdvovior otov mpdto Kotdhoyo Aécewv (avayvopiomn). Metafintég
éxPBaong eivar o aplBUoc TOV COGTOV AMOVINCEOV avl GLVONKN avaKAnong
(peomn oavaxkinom - TEGOEPEIS  OOKIUEG, UIKpN  KaBvoTtépnon, HEYAAN
kaBvotépnon) ko ta Aaln moapeiocppnong (AéEelg mov evromiotTnKav omd TO

vrokeipeva, aAAd 0ev cvopmeplapupdvovioy otny Alota).
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I'vopiocpata Ilpocomkotntog (Personality Traits)

H ®owortvmikn extipnon tov «ZuovolsOnpotikov Kot pn ZovoisOnpatikov

Xapoakmmprotikav g [pocomikdtntacy élafe yopa HEGO NG YopNyNoNg Tov

aKOAOVOOV EpOTNUOTOAOYI®V:

a) To dounuévo epwtnuatoroyio anod tovg Carver xor White yio o ovoryua

ovaotoln  ovumepipopac/evepyoroinon  ovurmepipopas, (Carver &  White'’s

Behavioral Inhibition/Activation Systems) (BIS/BAS) (Carver C & White T

1994), eivor o KAlpoko HEC® TG OmMOlOG UETP®VTOL Ol TPOSAOECIKEG
evaonoiec Tov 600 AVOTEP® KIVNTIKOV cuotnuatwv. ASloloyeital, OnAadn, n
gvoeOnTomoinom 1oV ATOLOV TPOC TOL GUUTEPLPOPIKA GUGTHUATU OVAUGTOANG Kol
evepyomoinong. H  «Mpoxa BAS, ovykekpyéva, ektiud v - TOOM
TOPOPUNTIKOTNTOS EVOS ATOUOL Kot TEPLAAUPEVEL VTOKAMpOKES, OTMC &lval
“’Fun Seeking’’ yio tTnv ektiunom ¢ Tdong TpocEyyions evog VEOV YEYOVOTOG UE
Baon v mpodbeon g otryung, m vroxkAipaxke DRIVE’’, n omowd ektipnd ™
otalepn emdimén embovuntdv  otdYOV Kot M vmokAipaxko “’Reward
Responsiveness’ yio v extiumon ¢ OeTIKNAg amOKPIoNg TPOG £va, YEYOVOG

apopng, 6tav cvoppaivel | Tpodkettal vo cuuPet.
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B) To dounuévo Epwtnuaroroyio amd tov Cloninger yia wnv ektiunon e

Io10ovykpoacioc kou tov Xopoxtipa, (Cloninger’s Temperament & Character

Inventory) (TCI) (Cloninger et al. 1993). H ev Aoym khipoka e&etalel TE6OEPELC

dloThoelg TG Wlocvykpaciog, Onwg sivoar n amopuyn PBAAPNG, N avalntnon
Kawvotopiog, n eEdptnon amd v emPpdPevon Kot 1 gppovy, Kabmg Kol TPELG
OLLPOPETIKES OOGTACEL TOL YOPAKTNPA, OT®G avTo-KatevBuvonuodtta, m

cuvepyasudtTTa Kol 1 avbovrépPaon.

v) To dounuévo amd tov Eysenck Epwrnuarordyio tne Ilpoowmixdtnrag,

(Eysenck Personality Questionnaire) (EPQ-R) (Hans Jorgen Eysenck & Sybil

BG Eysenck 1975), to omoio amoteleiton amd tpeic (3) khipokes, UEcwm TV
omoimv  afloAoyoUVTOlL YOPOKTNPIOTIKA TNG MPOCHOTIKOTNTAG, OMMG 0

VEVPOTIGUOC, O YLYOTIOUOG Kal 1) eEMOTPEPELQL.

d) To dounuévo amd tov Spielberger Epotnuatordyio, (Spielberger’s Trait

Anxiety Inventory) (STAI-T). Tlpoxettor yio puo Kiipaxo evdookomnong 40

EPMTNCEMV Y10l TNV EKTIUNOT TNG CLVAIGHNUATIKNG KATAGTOONS TOL AyYoLs (TaL
ayYDOON YOPOKTNPICTIKA TNG TPOCOMTIKOTNTOS OTOTEAOVY POLVOTUTIKY EKONAMON

TOV VEVPOGIKAOV SL0TOPOUYDV).
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e) To Epwtnuotoidyio Zylotwmxav yapaxtnpiotikov, (Schizotypal Traits

Questionnaire) (STQ) (Kelley M & Coursey R 1992) (Claridge & Broks 1984).

[Tapéyer To kaAlvtepo pétpo ¢ vrroxeipevng oylotvmikng ddotaons. Eival to

HOVAOIKO €K TV OvVOTEP®, TO 0omoio atoloyel un ocvvalcOnuatikod TOTOL

YOPOKTNPIOTIKA TNG TPOCOMTIKOTNTAG, ONMG E€lvol O TOPAVOIKOS 10€a0UOG, M

HOY1KY] oKEYN Kal O U1 6uvnBelg epmelpieg Tov apopoHv otnv oylloTumia.
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AEYTEPH ENOTHTA

EPEYNHTIKEX MEAETEX

A. IIpoty Heypopoatiky Merétn

@) EMKIVOLVOG Yo, oloppévera TOAVPOPPLGNOG
rs10503253A/C 1ov yovidiov CSMD1 semnpealer ™) yevikng
YVOGTIKI] IKOVOTNTO KOl TIS EMTEMKES AELTOVPYIES OE VYIELG
appeveg.

1. Ewoyoyn

H yevikn yvootwn oOvcAeitovpyio eivar éva otafepd mopnvikd (core)
YOPAKTNPIOTIKO TOV Xuvopouov e Zywoppévelag (SCZ), to omoio axolovdei
TOL KPLTNPLOL 7OV OTOUTOVVTOL Yo Vo TouToTonbel oG €vag evoopavOTLITOG
(Gottesman & Gould 2003). TIpdkertar, omAadn, Yy €va KANPOVOUNGIULO
YOPOKTNPLOTIKO, TO 0moio &xel mapatnpnbei oe acbeveic pe oxloppévela (SCZ)
pwv omd TV Evapén g vOGou Kal to omoio gival g peydio Pabud aveEdptnto
and TNV KMVIKN] KOTAoTOoT Kot TNV 7opeiot NG QOPUOKELTIKNG Oy®YNS

(Keshavan et al. 2010, Lewandowski et al. 2011, Keefe & Harvey 2012).
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Extetapéveg épeuveg og otkoyéveleg kot SOVHOVG £XOVV 00MNYTOEL GE OVOAVGELG
dedolévev, HECH TV OMoimV amOdEIKVIETOL 0 POAOG TV KOW®OV TPdsHeTmv
YEVETIKOV TApAyOVT®V, TOLG 00iovg eival ToAD mlavov va popdlovton ta LEAN
™G 1010¢ okoyévelng kot to didvpo adéA@lo (poipacpo Tov 1010V YEVETIKOD
VAMKOV), Bétovtag ta Bepéha 1660 Yoo To cuvdpopo e SCZ, 660 Kot yio TV
napovcio. yvootikav eldelppdtov (e.g., Toulopoulou et al. 2010). EmmAéov,
&xel mpooeato omoderydel 0T, pécm a&loAoyoOUEVOV amOTEAEGUATOV (Scores)
avENUEVOD TOALYOVIOLOKOD KvOUVOL Yo TtV avdmtuén g vocov g SCZ,
pmropet vo TpoPAre@fel 0 GUVOAKOS OYKOG TOL £YKEPAAOL Kol O OYKOG TNG AEVKNG
ovciag (Terwisscha van Scheltinga et al. 2013), kafBmg kot N yeEVIKY| YVOGTIKN
wKavotnta 6to yeviko minfuopd (Mclntosh et al. 2013). To mapardve svpripota
VTOONADVOLV OTL 1 YEVIKN YVOOTIKY] 1KAVOTNTO HOPALETOL KOO YEVETIKO
kivduvo pe v acBéveln Kol amotehel, EVOEYOUEVMG, TUNHO TOV VELPMOVIKOV
UNYOVICHOV HEGM TOV 0Toiov dlapecorapeitat o kKivouvog yia ) voco. Aldpopeg
YEVETIKEG TOPOALOYEC (TOAVHOPPIGHOL), Ol omtoieg oyetiCovion pe ™ SCZ, &xovv
npokOyel amd v maykocpa Epsvva GWAS [Genome-Wide Association
Studies (ueréteg cuoyéTione mov kaAvTToOLVY TO TANPES Yovidimua)] (Ripke et al.
2011, Smoller et al. 2013). O pdéAog TOVE, ®GTOGO, 6TV TaboPLGIOLOYia T™NG
acBévelng mopapével acaeng. Mio onuaviikny KotevBuvorn TG EPELVNTIKNG
npoondfeiog Katd v petd — GWAS mepiodo, eivar o yapoaktnpiopds tov
AELTOVPYIKOV EMOPACE®V TOV VEOV KOl EAIYIOTO KOTOVONTMOV ETIKIVOLV®OV
YEVETIKOV TOAVUOPPICU®Y OTOVS KPIGYHOUG Yoo T VOCO  «EVOLAUECOVCH

QOVOTUTOVG, OT®G €ivol 1 YEVIKN YVOOTIKN wKovotnta. YY) vrokeipeva,
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TPogPYOUEVA atd TOV YEVIKO TANOLGUO, amOTEAODV Eva KOAO LOVTEAO LEAETNG
TOV EMATOCEWV TOV £Y0LV Ot EMKIVOLVES Yo T SCZ yeveTikéc Taparllayég 6T
KEVIPIKO  VELPIKO ovotnua, KaBmdg To & AOYy® ATOHO  GTEPOLVTOL
YOPAKTNPIOTIKOV YVOPICUATOV (T CUUTTOUOTO, OY®OYT), TO OToi0, EMMAEKOVY
TIG petpnoels. H gpevvnrikn avt mpoonddeio Exet, 101, OTOPEPEL CNUOVTIKES
YVOGELS OVOPOPIKA HE TOVG VELPOVIKOVS UNYAVICHOVS, HECH T®V  OTOoi®mV Ot
EMKIVOLVOL YEVETIKOL TOAVHOPPIGHOT aVEAVOVY TNV ELOAMTOTNTA Yo TN VOGO

™mc SCZ (Meyer-Lindenberg 2010, Roussos et al. 2011a, 2011c, 20123, 2013a).

AmO T0VG MEVTE MO TPOGPATOVG YEVETIKOVG TOALHOPEOIGHOVS, Ol 0moiol
npocdlopioTnKay omd TV peyorvtepn, uéxpt onuepa, GWAS perém yuo m SCZ
(Ripke et al. 2011), dwpaiveror Wwitepa ONUAVTIKOS O HOVOVOUKAEOTIONKOG
nolvpoperopds (Single Nucleotide Polymorphism, SNP) rs10503253, o omoioc
Bpioketar evtog twv CUB kot Sushi multiple domains-1 tov yovidion CSMD1
010 8p23.2, 0edOUEVIC TPOYEVESTEPNG OMOOEENC YO GLUGYETIGN TOL WE TOV
Kivduvo ekONAmong ToAAGV vevpoovartuélokmy dtotapaydv (Shimizu et al.
2003, Glancy et al. 2009, Havik et al. 2011). Emiong, oe pia mpdoeatn
GLVOLACTIKN AVAAVLGT, 1 OTOl0 APOPOVCE GE TEVTE OO TIC TO UEYAAES YUYIKEG
acBévelec, Ommg eivatl o Avtionog, n AEITY, n Meilowv Katablmtikn Awatapoyn,
N Auwolkn Awtapoyr kot N Zywloppévela, dOmoTOONKE Hor ENIOPACT] TOL
nolvpopeiopov 1510503253, 1 omoia ftav €01kn Yo T voco g SCZ (Smoller
et al. 2013), évavtt tov vroloitwv vocwv. To cvykekpiuévo amoteréopoto
vrootnpilovv €vav «kevipikd» poro Tov moivpopeiopov rs10503253 wg éva

Tapdyovio Kivohvoo o v avantuén g vocov g SCZ. e o mpdoeatn
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perén, to mpodrafecikd yuo tn SCZ aAAnio A tov moAvpopeicopov rs10503253
tov  yovwwiov CSMDI1 ovoyetiotnke pe  yauniotepn  emidoon  Gg
VEVPOYVYOAOYIKEG UETPNCELS TNG YEVIKNG YvooTikng wovotntos (IQ) kot tng
UVNUOVIKNG Agttovpyiog, aAld Oyt Ko tov ehéyyov mpocoyns (Donohoe et al.
2013) dvo aveEaptntwv case control ouddwv. Amd ™V GAAN TAgvLPd, Ot
EMUTTAOGELS TOL EMIKIVOLVOL aAANAiov A ftav oplakéc Kal S1EQepay LETOED TV
detypdrov, avéavovtag v ThovotnTa WYevddv BeTik®V amotelecUATOV AdY®

TOV UIKPOL peyEBovg Tov detypatoc.

AvT N evO0PEPOVGA, OALL ACAPTG TPDOTH OTOJEEN OGS KIVITOTOINGE TPOG
dlepehivnon TV EMATOCEDV TOL  TOALHOPEIGHOV 1510503253 eni g
VELPOYVLYOAOYIKTG AerTovpyiog 6€ €va HeyOAo, ONUOYPAPIKE OHO0YEVES Oetyla
véov, vyiwv EMnveov Kavkdowwv appévov and ™ peiétn LOGOS (Roussos et
al. 2011a, 2011b, 2011c, Roussos et al. 2012a, Jutras-Aswad et al. 2012, Roussos
et al. 2013a, 2013b, Giakoumaki et al. 2013). EAéyEape, Aowmdv, tnv vndbeon
0Tl T0 emKivouvo aAMAl0 A Bo umopovoe va cuoyetiletal pe petouévo 1Q kot
QTOYOTEPN €MIOOON OTIS EMTEMKEC AELTOVPYIEG KOL TN UVNUOVIKY AElTovpyia.
Xty vro0eon pog copmepteANeon o éleyyog g mpomaApkng avootoing (PPI)
TOV AVTOVOKAOGTIKOD aupvidtocpov (startle reflex), n omoia eivar amodederyuéva
eMelppotikny otovg acbBeveic pe oyloppévein (Braff et al. 1978) «au
AVOOEIKVOETOL GE CILOVTIKO EVO0QOvOTLTO Y10, T vocso (Roussos et al. 2015). H
[MpomaApikn AvactoAn eivor Osopntikd ONUOVIIKG YOO TS YVOOTIKEG
Aertovpyieg kol TPOCPOTEG HEAETEG OTO YEVIKO TANOuoUO €dmoav eumelpikd

dedopéva, ta omoia vrootnpilovv avtn v dmoyn. pdyupott, 6co Ta emineda
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NG TPOTMOAMKNG AVACGTOANG @Bivouv, 1060 To €AAEippOTA TOV EMTEMK®OV
Aertovpyldv mpoPAénetal va givol wo onuoviikd kot wo sueovny (Bitsios &

Giakoumaki 2005, Bitsios et al. 2006, Giakoumaki et al. 2006).

2. M£0odor

2.1 Xvppetéyovreg otn peréTn

829 véor dppeveg oTpatoroyOnKoy amd T0 TPAOTO KVUM TOV CUUUETEYOVIOV

¢ kooptg LOGOS (Learning On Genetics Of Schizophrenia Spectrum).

2.2 T'ovotumkn Avdivon

H &&oayoyn yevoukod (genomic) DNA zmpaypotomombnke omd t Anym
eAePkoV aipotog TV gBehovidv 1 emypiopaTog amd tov PAevvoydvo Tov
otopatog, pe v ypnomn tov QlAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany). I'a N = 833 cvppetéyovteg, o yovotumog rs10503253 Aebnke and

10 dwbéoo genome-wide genotyping SNP profiling with the Illumina
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HumanOmniExpress BeadChip (San Diego, CA, USA) (Roussos et al. 2013a). O
yovotuomog ywo. 316 emmAéov vmoxeipeva mpocdlopictnke pECw omevdeiog
aAlnrovyong (direct sequencing) ypMNOUYLOTOIOVTOC TOV OWTOUOTO OVOAVTH TNG
Applied Biosystems (ABI). Ot ekkivntéc Kot ot GUVONKEC Yo TNV eVioyLoN NG
aAvcoTg avtidopacng moAvpepdons (PCR) meprypdoovior oto keipevo pe ta
Svpminpopatikd ototyeia. H yovotumukn avaivon éhafe yopa, yopic va lval
YVOGTEG Ol OVOTLTIKEG HETPNoElS. O €Aeyy0g TNG TOLOTNTOS TNG YOVOTVLTIKNG
avaivong owelnydn pe omAd éleyyo (Duplicate checking) oe 50 tuyaia
emieypéva ogtypata [N = 40 amo 1o genome-wide profiling, N = 10 amo tnv
dpeomn yovotumikt avaAivon (direct genotyping)] pe m0o60GTO EXAVOANYILOTNTOG
neta&h tov dvo eléyymv 100 %. O cvvtedeotg call rate oe 6Aa o delypoto
nrav 95,7 % (N=1099/1149). Mg Bdon 1o dedopéva avto-avapopdic, OAot ot
ovppetéyovieg Mrav Kovkdolog xoataywyng, mn omoio emPefoiwbdnke yoo 1o
OUVOAO TOV OElyUOTOG HOG LE TN UEAETN EOTKAV YEVETIKAOV OEIKTAOV KOTAYWOYNG
(genome-wide profiling), Paciouévn omv avdivon EIGENSOFT (Price et al.
2006, Patterson et al. 2006). Aaupdvoviag vIoyn To OVOTEP® OEOOUEVA, M
tavtonoinon ovto-avaeopds ¢ Kavkdowog katoymyng eivar eEoupetikd
aElOToTN OT0 Oelypa Hog, He amoTéAecua vo  kabictotal addvoTn 1 YEVETIKN

OVOLLOL0YEVELD TOV VIO EAEYY0 TTANOLGLOY.
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2.3 Nevpoyvootiki Extipnon

Ta vrokeipevo vToPANONKAV o€ £va PAGHA YVOOTIKOD TOTOV JOKILAGIOV UE
m ypnon ¢ Cambridge Neuropsychological Test Automated Battery
(CANTAB). H CANTAB mepihapfPdver pioe  ovototyion Un  AEKTIKOV
VEVPOYVLYOAOYIK®V SOKIUACIDV, OTIS OMOIEC Ol GUUUETEYOVIEG KAAOVLVIOV VO
avtomokplodv pécw TG GAANAETIOPOGNS TOLG pe ot 00O6vVN aPNS LVYNANG
avaivong (Advantech), divovtoag kaipleg amavinoelg (omavtnosigc-kAedid). H
pvnun epyaciog kot mn avadntuén otpoatnyikng aloroyndnkav pe to Spatial
Working Memory task (SWM) (Owen et al. 1990), n woavotnto YeS10GHOD Yio
Vv enilvon TpoPfAnuatev pun cvvorsOnpatikng eneepyoaciog extiundnke pe 1o
Stockings of Cambridge (SoC) (Owen et al. 1990) ot ov Aettovpyieg g
EOTIONGULEVG/TOPATETAUEVTG TPOGOYNG KOl TNG Enaypumynong pe to Rapid Visual
Information Processing task (RVIP) (Park et al. 1994). Extyuncaue, eniong, v
omTikny uvnun epyocioc pe to N-Back Sequential Letter Task (Braver et al.
1997), v emdoyn G KATAAANANG OTAVINONG KOl TIS EMUITAOGES TNG
YvooTikng mapeuBoing pe to Stroop Color/Word Interference Test (Golden et al.
1978), kaBdg Kol TNV KOVOTNTO TPOGOUPUOYNG TNG CTPUTNYIKNG €1 OTAVTNON
ot pHetafoiéc tov mepPPAALOvVTOC/ekudOnon KovOvemv HE U NAEKTPOVIKN
éxdoomn tov Wisconsin Card Sorting Test (WCST) (Birkett et al. 2008). H
AeKTIKN pvAun kot pabnon extyumbnkav pe to Word Lists (WL) subtest of the
Wechsler Memory Scale-Revised (Wechsler et al. 1997). Téhoc, og 6A0VG TOVG

ovppetéyovieg yopnynnke to lowa Gambling Task (IGT) (Bechara et al. 1994),
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mpokelévov va. a&ohoynfel n emidoon ot AMymn amogdcewv pe Paon

oLVALCOMUATIKT EMEEEPYATTIO TOV TPOCAAUPAVOLEV®OV TAPOPOPLOV.

[Mo o Aemtopepn meplypagn] OAMV TOV TPOOVOPEPOUEVOV OOKILOGLOV,

BAéme to Kepdrato «MEGOAOIy.

2.4 To Baocwkd AvravokiooTiko ArpvidoroopoV ko n Ilpowaipun

Avactor (ITITA)

Olot ot ovppetéyovteg vroPANOnkav oc€  YuyoELOOAOYIKY  cuvedpia
TPOKANONG Kol KOTOYPAPNG TNG TPOTOALKNG TOV GVOGTOANG TOL OKOLGTIKOV
OVOKAOGTIKOD OlQVIOLIGHOD, COUPOVE pE TV HEB0do, M ool meptypapbnke
ot0 kepdhao «MEG®OAOI». 124 vmoxeipevo  yopokTnpiommkoy oG
non-responders (un amokpvopeva), kabmg 6ev avTATOKPIVOVTOY GTO 0KOVGTIKO
epébopa  (CC=80, CA=37, AA=7, x’=5.9, p>0.2). To yeyovdc autd &iye ®C
OTOTEALEGLO, 1] KATOYPOQPY] TOV OVOKANGTIKOV KOl TNG TPOTOAUKTG OVAGTOANG
va glvor dvvaty oe 778 oto ovvolo vmokeipeva. Am6 oavtovg ot 18
CLUUETEYOVTEG amokAeicOnkay Ady®m Katoypap®dv, ol omoieg dev mAnpovsav To
Kprmpla molotikoy eAéyyov. Telkd, 766 eberovtég (CC=545, CA=197 ka

AA=24) pe vynAng ToLOTNTOG KATAYPOEES VIEPANONGAV GE TEPATEP® AVAALOT).
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2.5 Avtoagloroynon XvvaisOnpatiknis Koataotdoemg péocow tomv
KMpdkov VAS, Tpv Kot petd t owedkaecsio pETpnong Tov AvoKAUGTIKOV

Startle.

Ta vrokeipeva, katd ™V AEEN TOVS GTO YOPO EEETACTG TOL €PYNCTNPiOL,
a&toAoyohvtay Yo TNV TPEYOLVGOU GLVALCONUATIKY TOVS KATAGTACT MG TPOG TO
aicOnua Tov dyyovg, TMV avayvodplon €ypNyopons Kot v aichnon dvceopiag
HEG®O TOL GLOTNHATOG aEOAdYNoNG 10-CM ™G OMTIKNG OVOAOYIKNG KALOKOG
VAS (visual analogue scales) (Bond & Lader 1974). H dwdikacio Eekivodoe pe
pia mepiodo mpocsapuoyng 4 Aemtwv, m omoia. akoiovbeito amnd TV mEPiodo
TPOETOYLOGIOG TOV VIOKEWWEVAOV Yoo TNV 0E0AOYNOT TOL  AVTOVOKAUGTIKOV
OLPVIOIOG OV, KATO TNV Ooio. TOLG OVOKOIVMVOVTOV Ol 00MNYiEG Yo, TO GUVOAO

™mg StdKaciog.

2.6 XTOTIGTIKEG AVOAVGELS YOVOTVTIKAV ORLAO®V

[a Adyovg peiwong tov dedouévov oe  taSvounuéveg  HeTafPAnTé,
vroPdiape Tig peTaPAnTéC EkPaonc amd TIC VELPOYLYOAOYIKES OOKILOGIES GE

avaAvon kOpwwv ocuvviotwodv - Principal Components Analysis (PCA).
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Xpnowomomnke mn péBodog mepiotpopn Varimax kot Eywvav  0eKTEG

ovviotmoes e Eigenvalues >1 ko factor loadings >0.5.

"o T1g ovoyEeTicEC YOVOTUTOL - TocoTikomomuéveay eawvotummy (Dudbridge
et al. 2008) YpPNOLLOTOONKE T0 TPOYPOLLLLOL QTPHASE

(https://sites.google.com/site/fdudbridge/software/) amd v ékdoon Tov TAKETOL

UNPHASED 3.1.7.

[Tpokeévou va emttevybet n dopbwon yio TolhamAéc dokipacieg (multiple
testing) ko va petwBei n mbavotta cedipatog Tomov I, o1 p tipég dtopOddnkav
katd Bonferroni post hoc tests, dioupdvrag to 0,05 pe to 10 [0 apBpodg Tov
ovykpicemv mov spapuodotnkayv: deiktng vonuoovvne (1Q) xor evvéa (9)
napdyovteg mov mpokvTovy amd TV PCA]. Ot emdpdoelc TovV YOVOTLTIKOV
oudowv ent tov evvéa PCA d106T0GE®V Kot TOV OEIKTN VONUOGUVING UE P TIUES <
0.005, dopbopéveg katd Bonferroni (0.05/10 = 0,005), Bewpodvion cTaTioTIKA
onuavtikés. Eva, ot yovotumikég emdpaocelg pe p tipég < 0,05 avagpépovrot povo

G «TPOTEWVOUEVNG OTLLOVTIKOTNTOC) Y10 LEAAOVTIKEG LEAETEG.

Ymoloyicape v 1oy0, n omoio Pacileton e évav mpocsOeTikd pHovTELO
KAnpovopkdtrog (additive model of inheritance). H o tyunq tov emumédov

onuavtikdtntog opiotnke oe 0,005 ko 0 Edeyyoc ™¢ (UndeviKng) voBeonc NTav
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dimievpog (2-sided). T'a deiypa 829 (n = 829) LIOKEWEVAOV KOl GLYVOTNTO TOL
eMdocovog ariniiov (Minor Allele Frequency-MAF) 16,5 %, éyovue 80 % g
16Y00G OV OMALTELTAL YLl TNV AVIYVELGT] TOAD WKPAOV ETOPAGEMV TNG TAEEMG

tov 0.1 (Cohen’s d = 0.205, effect size r =0.1).

Ta dedopéva g ent 1015 €kATO TPOTAAUIKNG avacTtoAnS (%), vmofAndnkav
oe emefepyacia pe pektod THmov 3X2X3 avaivomn dtkduovens (Yovotumog ent

TPOTOAUS €Ml LEGOOIAGTNLLOL TPOTUALUOV-TTAALOD).

3. Amoteléopata,

M anpng meptypaoen e PCA avdilvong yoo Tic yvoOOTIKES HETAPANTESG
TOPEYETOL OTOV ZUUTANPOUATIKO TIVOKO. XUVOAIKE, CUUTEPLEAPONGAV oTNV
aviilvon 22 PBoaocwég yvootikés petafantég éxPoong ko e&nybnoov evvéa
nopdyovteg (0100TAGEL), Ol omoieg &Enyovv 10 77.64% 1TNG OULVOAIKNG
dtakvpavonc. Ot ev AMdym dtootdoelg ovoudodnkoav og eEng: Anlotiky Mviun,
Eniivon mpoPinudrov, Iapatetapévn tpocoyn, EAlewyn mpocoyne, I'vootkn
eveM&io/ExpdOnon kavévov, Aqyn artoedcewv vrd cuvorlsOnuatiky eoption,
Agktuen Mviun Epyaciag, Atapopemon otpatnykng/Xwpiky Mviun Epyaciog,
Xpbvog mov amorteital yio tov  Xyxedlaocud NG emihvong mwpoPAnudTov.

(ZvumAnpouaticog mivoaxog 1).
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Ot yovotumikég katavouég kotnyopronomnkav wg eéng: CC: 772, CA: 291,
AA: 36. H ovyvomrta tov aAiniiov C avtictoryovoe oe 1835 vmoxéueva kot
oV aAAnAiov A oe 363 vmokeipeva, pe GLYVOTNTO TOL EAAGGOVOS OAANAIOV
(MAF) 16,5 %. H yovotumikn KoTovopu fTay GOUPOVY LE TIG TPOCOOKIES KOTA

Hardy - Weinberg (p = 0.19).

Agv vmmpyov oNUOVTIKEG O1POPEG LETAED TOV TPV YOVOTLTIKOV OUAO®mV
aVOQOPIKA LE TIG ONUOYPOPIKES HeTafANTég (MAkia kot ekmaidgvon o€ £11)), TOV
aplBpd TOV KATVIGTOV TPOG TOLG UM KOMVIGTEG, TIG GLVNOELES KOMVIGUOTOC
(apOuog  toydpov ova nuépa), kabmg emiong kar T Oudbeon TV

GUUUETEYOVIOV TNV MUEPA TNG Yopnynong Tov dokipactov (Ilivakag 1).

Xtov mivako 2 mopotnpeital 1 cvoy€Tion Tov moAvpopeispov rs10503253
oV yovidiov CSMD1 pe tov deiktn vonuoovvng kot tic evvéa PCA dwaotdoelc,
Omm¢ ta otoreion avTA omokaALEONKav ond to Tpoypaupe QTPHASE. Me
£VTOVN YPOQY| OTO EMAVO TUNUO TOL Tivaka dtokpivovtol ot dtopbwpéveg Kotd
Bonferroni P Tyuég <0.005, ot omoieg Bewpovviar otatiotikd onuoaviikéc. H
ot\An P’ 1tov wivaka avagépetol o TIEG TOL TPOoEPYOVTOL Ol T GLUPOAN NG
nAkiag, ¢ exmaidevone kat tov apldpod ToLYAp®V OvAa MUEPQ, Ol OMOiEg
emotncav wg ovvpetafintés. To cOuporo peiov onpaivel younAdtTeEPO GKOp
070 €MKivduvo aAANAo A. Amodeikvoetal, Aoudv, 0Tt To TPodlabecikd aAAAL0
A tov moAvpopeiopod rs10503253 ocvoyetiomke pe yoapunAlotepo deikn
vonuoovvng (1Q), pe ptydTEPN IKAVOTNTA 6T ALOUOPE®GT GTPATNYIKNG UECH
™G SOKILOGIOG Y10 TN YOPIKN UVAUN €pyocioc, KoM Kol pe HiKpOTEPT EMidO0N

011 dokipacio, 1 owoio KT TV KavOTNTa ETiAVONC TPOoPANUATOV Y®pPig TNV
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EUTAOKT TOL OULVAICONUOTOG. XTn CLYKEKPEVT OnAadn, OoKlocia, To
VIOKEINEVA, TO OTTola EPEPaV TO EMKIVOLVO OAANAL0 avdAmvay Aydtepo ¥povo
GTOV aPYIKO GYXEOACUO Yo TNV €mihvon TpoPANUATOV, 0AAY oV LEYAADTEPOLG
YPOVOVC KATA TNV EKTEAECT] TNG OOKIHOCIAC Kal EmpatTay meptocdtepa Adbn. To
emPAraféc, emmAéov, aAMAlo A ovoyetiotnke pe  etroydtepn ['vootikn
eveM&la/tkavotnta ekpudOnong Kavovey kot pe pkpotepn enidoomn otn AEKTIKN
VU €PYOCiog KOl TNV TOPATETAUEVI)/ECTINGUEUN TPOGOYN, TPV N UETO TNV
CUVOLOKVUOVOT UE TIG ONUOYPOPIKEG METAPANTEG Ko TS ovvhbeleg Tov
Kamviopotog. Qo1060, 01 SPOoPES, TIG OTOTEg TAPOVGINGAY O TPELS YOVOTVTIKES
OUAOEC OTNV TOPOTETOUEVT] TPOGOYN KOL TN AEKTIKY UVAUN €pyaciog Oegv
enefiooayv, Onwg SMGTOVETOUL GTOV TTivaKa, HeTd T 10pOmwon kotd Bonferroni
KOl OVOQEPOVTOL HOVO @G TPOTEWVOUEVNG onuovtikottag. Eivai, emiong,
EVOLOLPEPOV TTPOG TTOPATIPNOT OTL OEV VINPYOV CUOVTIKEG O10PpOpEG HETASD TV
YOVOTUTIIKOV OUAOMV OC TPOG TNV TEAELTAIN O1AGTOGN TOV KATUYPAPETOL GTOV
nivoka, OnAadn T Ayn amopdcemv pe Bdon 1n cvvoucOnuatikn enesepyacio

TANPOPOPIOV-KIVITPOV.

Ta avotépom cvpnuota moapovcsialoviol, emiong, kot oto XZynuo 1. Xtig
neplocdtepeg PCA dlaotdoels, Omwmg ival n tkavotnta, eniAvong tpofAnudtoy,
N wWKovOTNTO SIUOPPMONG CTPUTNYIKNG KOl 1) AEKTIKT LVNUN €pyaciog, Kabmg
Kol 6T0 OeikTn VOnUoohVIG, Ta oYNUATO OEiyvouv pa cagn, eEAPTOUEVT ATd TO
emkivouvo aAAnio A emidpaon, avdroyn g mopovsiog Tov GTO YOVOTLTO.
[Ipékettor, dmAadn Yoo g 0G0eapTdUEVT] EMIOPOOT), UE OMOTEAEGUA Ol

opoluyoteg wg mpog o C aArnio (CC) va gppaviCovv kalvtepn emidoon oe
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ovyKpon e tovg €tepoluyodtes (CA) mov dabétovy povo éva aAlnio A, kot ot
omoiol pe TN OEWPdE TOLg £Yovv KAAVTEPN &emidoon amd TOvg QEpoviec OVO

emkivouva A aAAnAe (AA).

Avolvtikotepa, v toug mapdayovteg PCA, ov omoiot emePiwcav Ttov
OTOTIOTIKOD Kputnpiov yuo wOAAATAEG Ooklpacieg (Xtpatnykn, Xyxedlaopog,
Ikavotra  avtilnyne-mpocopuoyns otic  mepiParloviikés  uetaforée),
TOPEYOVIE  AEMTOUEPT) VELPOYVLYOAOYIKT] TOPOVGIOGT TOV TPLOV YOVOTLTIK®OV
ouadwv, Pacilopevol oe dedopéva, To OTolo TPOEKLYAY OO TNV YOPNYNON TOV
dokipactov SWM, SoC kot WCST (ZvpumAnpopotikd oynuoate 1 kot 2 kot
[Tivaxog 2). Ta anmoteléspata, To onoia eAneOncav péow g doxipaciog SWM,
amESEIEAY ONUOAVTIKES YOVOTLTIKES EMOPAGELS KOl GTOVG OVO TUTOVG LETPNCEDV
(BaBporoyieg AabBadv Kot otpatnyikng) pe to post hoc tests va emPePorcdvovv
. capn  docoefaptdpevn  emidpacn Tov  emikivovvov  oAAniiov A
Covuminpopatikd oynuo 1). X doxpasio SoC, ot gopeig Tov emkivovvov
oAMniiov A éhvcav cmotd Aryotepa mpoPAnuata, pe to post hoc tests va
emPefardvouy v  emidpacn TOL emikivouvov oaAAnAiov A, 1 omoia
dwmotdvetal kol maAl pe docoeaptopevo tpomo (CC > CA > AA). Ta
vrokeipeva pe yovotomo CA kot AA ypeldotnkov Aydtepo apytkd ypovo,
TPOKELUEVOL VO, oKEPOOVV Kal Vo GYEIAGOVV TIC KIVIIGELS TOVS (OMALTOVUEVOG
rpOvog avalntnong g AVong), TEPIOCOTEPO UETAYEVEGTEPO YPOVO, TPOKELLEVOD
VO DTOAOYICOLV KOl VO OTOPOGIGOUV TIG EMOUEVEG KIVNGES TOLG KOTO TN
Slapkel eKTEAEONG TNG OOKIHOGIOG Kot pHeyoAdTEPO OapOpd omapoitnTov

KIVNoE®VY, Tpokeévoy vo, odnynbodv otnv embount) Avom. ‘Eva potifo,
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onAadn, TO0 o0moio VTOINADVEL QTOYOTEPEG KOVOTNTEG TOV &V AOY®
CUUUETEYOVIMOV GTO GYESOGHO Yo TNV EXIAVGN TPOPANUATOV (ZVUTANPOUATIKO
oynpo 2). Emiong, ot @opeig tov emikivovvov oaAinAiov A moapovciocov
YOUNAOTEPN €MIOOGN GTO GUVOAD, GYEOOV, TMOV HETPNGEMV TNG OOKIHOGIOG
WCST, ot omoiec apopodcav ce vmokartnyopiec, 6mmwg «Emitedipo medio»,
«AavBacpéveg emAOYEC KapPTOVY, «XOVorho AabBav», «Mn eripova AdOn tomOL
Nelson» kot «AdBn tomov Milner», Om®¢ amokoAVEONKE omd T Un -

napapetpikeg ovykpioeig Kruskal - Wallis (Zvuninpopatikdg mivaxkog 2).

A6 v Tmopovco HEAETN) TPOEKLYAV, EMIONG, TO ONUOVIIKA, KLPLOL
amoteléopata yoo TV évtacn tov mpomaApov [F(1,763)=246.9, p<0.001,
1n2=0.60] ot Tov pecodaotiuotog [F(2,1526)=233.43, p<0.001, n2=0.34],
koBong ko plo &l mopampnong aAANAEmiOpacT  TPOTMOAROV X
uecodlaothnuatoc  [F(2,1526)=46.17, p<0.001]. H tpummAy  (3-way)
aAniemidopaon dev BempnOnke onuavtikr [F(2,763)=3.26, p<0.05]. Ev tovtoig,
éva aEloAoynoo eHpnUa TAV 1 ETIOPOCT TOV YOVOTOT®V EML TOV EMTEIWOV TNG
npomolukng avoaotolc [F(2,1526)=46.17, p<0.001], oamotéiecpo T0 0mOiO
emoAnBedeton  péow G epapuoync post hoc LSD tests. Bdocer Tov
OMOTEAEGLOTOG TNG OVAAVON G, TOPATPOVUE GTO oYNHe 2 0Tl 01 OpolVYDTEG MG
mpog to emkivouvo aiAnio A (AA) mapovctdlovv onuovTiKe younAdtepo

EMIMEDO TPOMAAUKNG OVOGTOANG GE GUYKPIOTN UE TIG GAAEG OVO YOVOTLTIKEG
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opnddeg ko ota Tpio pecodacTuato HeTald mTpomaipov-taipnov tov 30, 60 kot
120ms, pe yopnyovUEVOLS TPOTOAUOVS Evtaong ywo. to Kobéva 75 ko 85db
(p<0.05). To evpnuato avtd dev petoPdilovior Otav mn MmAkio, to £
exmoidevong kot ot €Egic g ypnong koamvoy (apludg torydpov/muépa)
VIEIGEPYOVTOL MG GUVHETOPANTEG otV avdivon g dwkvuavens (ANOVA).
No onueiwbei 6t1 10 foaoctkd avtavakiaotikd aipvidtoopov (baseline startle) dev

MG TOONKE GNUOVTIKG SOPOPETIKO OVAUEGO OTIC TPELS YOVOTLTIKEG OUAOEG

(Kruskal-Wallis x2=2.67, p>0.2).

4. Xvlqmmon

[Ipoxettal yoo v TPAOT AvVAEOPE TOV EMMTOCEDV TOV TOAVUOPOIGLOV
CSMD1 rs10503253 ce pio eKTETOUEVT] CLOTOLYIO EMITEMKDV AEITOVPYLOV TNG
UVIUNG, TOV OVTOVOKAOGTIKOD OLOVIOWOGHOD KOl TNG TPOTOALKNG OVOUGTOANG
TOV G€ 1 LEYAAN opddo vY1dV appévev. Ot popeic Tov emkivovvov adiniiov A
eupdvicay younidtepo Oeiktn vonuooLvNng Kol OTOYOTEPT KOVOTNTO OTN
SLUOPP®OT GTPATNYIKNG, OTwG dtamot®Onke and o doxpacio tng CANTAB
Yy T Yopik pvhiun gpyosiog (SWM), aAdd kot mo eAreyupatikn I'vootikn
eveM&la/ikavotra exkpddnong Kavovov, Kabmdg Kot AyOTePO OMOTEAEGLOTIKO

oyxedlacpud yo v entivon tpofAnudtov. Ta ida dtopa Tapovsiacav, eniong,
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HELOUEVT] TKAVOTNTA Y10 TOPOTETAUEVT] TPOCOYTN KOl AEKTIKY UVIUN €pyOciog,
dlpopéc, OUmG, ol omoieg O0ev emPiwcav TOL OTATIOTIKOD Kpitnpiov Yo

molMamAég dokipacieg (BAEmE axolovBmg culrtnon Yo cedApa tomov II).

Avolutikotepa, ot dokipacioo SWM, 1 ikovotnto TMV GUUUETEXOVI®OV V.
SLHOPPDOCOLVV TIG KATAAANAEG GTPATNYIKEG avalNTnonG, [ OULYydS EMITEAKT)
Aertovpyio (Owen et al. 1996)] kol va TpaEovv Aydtepa evOLAUESH GOAALOTOL
«between-errorsy» oto.  6vokolo  wpoPAiuoata TG dokipociog  SWM,
napovclaloTay  TEPIOCOTEPO  EAMTNG, OGO HEYOAVTEPN OOMGTOVOTOV 1)
mapovcio. Tov emkivovvov oAAnAMov A oto yovotumo [ot AA  elyov
dvopevéotepn emidoomn omd tovg CA (evoldpecot) kol avtol pe T GEPE TOLG
elyov mo eAleppotikng enidoon amd tovg CC (wkavotepor)]. Opoiwmg, n devdtnra
TOV VTOKEWEVOV VO EMADGOVY OTOTEAEGLOTIKG O14popa TPOPANLATO KATA TN
dokipacioo SoC tmc CANTAB, peiwvétayv ypoupkd omd TOo TOGOoTO NG
TOPOVGING TOL EMKIVOLVOL aAANAiov A 610 Yovotumo (o1 CC exTiundnkav g ot
amodotikdtepol OAmv, ot CA ¢ Mydtepo amodotikoi amd toug CC kot
TEPLOCOTEPO OmOSOTIKOTL ad TOVG AA Kot 01 AA ®¢ 01 AyOTEPO EMOPKEIC OAMV).
To emkivouvo oAMAl0 A ocvoyetiotnke pHe PpoydTEPO  YPOVIKA OPYLKO
OYEOOO, OAAG HEYOAVTEPOVS YPOVOLS Katd TNV €EEMEN NG doKiuaciog Kot
TEPLGGOTEPES KIVNGELS GTO GTAO0 NG ekTéAeonc. To yeyovdg avtd vITOONAMVEL
ot o1 popeic Tov emPAaPfodc aAAniiov A eiyov TNV OVAYKN VO ETAVEKTILOVV,
aKOpo Kot vo. oxedlalovv VEEC AVGELS KATA TN OUPKEWL TNG EKTEAEONC TMV
KaOnNKOVIOV Tovg, AOY® TV  MYOTEPO  OMOTEAEGULOTIKOV — GTPUTNYIK®OV

oyxedlacpov toug. H Adon mepimhokmv mpoPfAnudtev (dokipacieg, ot omoieg
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aQopoOV Ge TPEIS KIWNCES Kot Gve) egaptdror omd Tnv aKepolOTNTe TMV
petomoiov Aopoav (Owen et al. 1990, Newman et al. 2003). TéAog, o1 popeig Tov
emkivouvov aAinAiov A mapovciacav youniotepn enidoot ce OAES, YOOV, TIG

uetpnoelg g dokipaciog WCST.

Aappavovtag voywy OA0 TO. OVOTEP® ELPNUOTE, GUUTEPOIVOVLHE OTL TO
emkivouvo oAMAlo A ocvoyetiCeton pe MyOTEPO OMOOOTIKY] TPOUETMOTLIOIN
Aertovpyio. Onwg €6e1e pa mpdseatn peta-ovaivon (Snitz et al. 2006), ta
eAeippata otn pviun epyociog, ) yvootikn gveMéio/expddnon kavévev Ko
TNV TOPATETAUEVT/ECTIAGUEVT] TPOGOYN €xel amooey el Ot gvéyovion peTa&d
TOV MO 0EOTIETOV £vO0QavOTOTTMV Yo SCZ, ot omoiot divovv ta peyorvtepa
effect sizes otTic cvykpicelg peta&d vyuwv Ko tpdtov PBabuod cvyyevov. Ta
amoteléopotd pog emekteivouv to guprnata twv Donohoe et al. (2013), o6cov
aeopd 1 oyxéon tov yovidiov CSMDI pe t peE®UEVN YEVIKN YVOOTIKN
KAVOTNTA Kol GUYXPOVOS, GLUPOVOVV e TOAD TPpdceates Kataypapss fMRI, ot
omoiec ometkovifouv pelmuévn evepyomoinon tov eA0100 KATA T1 SLIPKELN LG
dokipaciog pvnung epyaciag oe gopeig tov emikivovvov ariniiov A (Rose et al.

2013).

Amo ta mapdvto PELVNTIKE OmOTEAEGUOTO TPOKVATEL, £mione, OTL Ot
opoluymteg ®¢ mPog 1o emkivouvvo oAANA0 A, Tapovcsldalovv CNUOVTIKA
HEIOUEVO EMIMEON TPOMOAUKNG OVACTOAG GE GUYKPLoN HeE TS GAAeG 00O
YOVOTUTIKEG opades. H mpomodpiky] avactodny Oewpeitor 0Tl 0mOTURTAOVEL TNV
enidoon Tov aeOntiko-KivnTikov nOuov. Mia popern, dnAadn, OVOGTOANG TOV

KEVIPIKOV VEVPIKOV GLGTNHOTOG, KATA TNV 07010 TO [ GNUOVTIKO aloOnTnploKo
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epebiopa amofdileTon og Tpmipa oTddo eneepyaciog TOV TANPOPOPLOV, £TCL
MOTE 1 TPOGOYN VO EGTIALEL GTA MO GNUOVTIKO GTUOTO, TO OO0 LETAPEPOLYV
minpogopia. (Braff et al. 1978, Braff & Geyer 1990). H oyiloppévela
yopaKTNPiletal amd EALEYUUOATIKY TPOTOALLKY] OVOGTOAN Kol MG €K TOVTOV, Omd
eEALEHOTIKO ooBnTiKo-KivnTiko NOuo (Braff et al. 1978). Avtd onuaivel 61t ot
VOGOUVTEG OO TO GUVOPOUO TNG OYLLOPPEVELNG 00N YOVVTOL GE TANPOPOPLOKT)
VIEPPOPTMOGT, LUE GLVENELN TN SIUCTOCT] TNG TPOGOYNG KOL TNV GUVETAYOUEVN
EKTTOON TOV YVOOTIK®OV AEITOVPYLOV, TO OO0 VITOKEWVTOL TOV GUUTTOUATOV
¢ vocov (Braff et al. 1978). H mpomaApikny avocstoAn oTovG €mipves £xet
amooeyBel 6t Kabopileton amd ™ dpacTnPLOTNTO EVOG KOAG TPOTOI0PLOUEVOD
KUKA®UOTOG pA010-pafdmTov-mypdc cpaipas-yépupag (Swerdlow 1991, 2001),
N Tapovsia Kot 1 Agttovpyio tov omoiov emPefardvetar Kot 6Tov AvOp®TO HEGH
vevpoomelkovioTik®mv peretmv (Hazlett et al. 1998, Kumari et al. 2003, 2007). X¢
CULPMOVIOL LE TOL EVPTLATA VEVPOUTEIKOVIGTIK®OV TeXViK®mV (Maguire et al. 2000)
Bpiokovior TO0  OMOTEAEGUOTO  VELPOYVYOAOYIKMOV  HEAET®OV, TO  OmOid
OmOOEIKVOOLV  LOYVPT OCLGYETION UETOED VYNA®V  EMTEOWV  TPOTUAULIKNG
avaotoAng (PPI) kot BELTioTng amddoons Tov entteMKdv Asrtovpyiov (Bitsios &
Giakoumaki 2005, Bitsios et al. 2006, Giakoumaki et al. 2006, Scholes KE &

Martin-lverson MT 2009), &dpatd®@voviog Tov oeOnNTiKo-KivnTikd MOpd g

KOUPKO OEIKTN AMOTEAEGUATIKOTNTOG TOV AVOPOTIVOV YVOGTIKOV AEITOVPYIOV.
Eni eddpovg twv dedopévav avtdv, To KAToypapEVTIo amd TNV TaPOVGH EPEVVOL
HEIOUEVO EMTEOQ TPOTOAUIKNG OVOGTOANG TV @opéwv ToL emiPAafoig

aAlnAiov A, 1o omoio cuvdéetal e eAMmelg emTEMKEG AEITOVPYIES, ATOTEAOVV
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onuoavtiky €voelln emPefaiomong g oxéong aAANAeEAPTNONG OVALESH GTOV
aoOnTiKo-KvnTikd NOUd Kot TIC YVOGL0KEG AELTovpYieg TOv EAEYYOVTOL OO TOV
npopetomiaio Aofo. H emPefainon g omovdaidTNTOG TNG TPOTAALUIKNG
VOO TOAC G 1YLPOY EVEOPaVOTLTIOL NG oyloppévelag (Roussos et al. 2016),
TNV Omoio EMOEPAYNCE M HEAETN HOG, EVIGYVEL TNV TEPATEP® avalTnon
GUGYETICUOD TOL GLYKEKPIUEVOL HOVOVOLKAEOTIOIKOD ToAVHOpPiopod (SNP)

Kat TG Tafoucioloyiog Tng vOGOv.

Evod, o molvpopoiopog CSMD1 rs10503253A/C emnpedalel v wavotnta
OYEQOGLOV Y10 TNV EMiAvoN TPOPANUATOV U1 GLVOLGONUATIKOV YOPAKT PO [ Lol
depyacio faciopévn otov payroio-tAdyo tpopetoniaio eAold (DLPFC) (Owen
et al. 1990, Rowe et al. 2001, Newman et al. 2003)], ev tovtoig dev @aiveTor va
EVEXETOL GTNV 1KOVOTNTO GYEOACHOV KATA TNV ekTédeon g dokpaciog IGT, n
omoio. apopd otov oyedcud pe Paon v cvvolsOnuotikny eneCepyacio TV
TANPOPOPLOV-KIVITP®OV Yo, TN ANyn omodcewv. Agdopévov O0tt, 1 doKipacio
IGT eEapthtor, xotd wvOplo Adyo, amd 1Tn AETOVPYIL TOL KOIAOKOV-
A dylov/koyyouetomiaiov eAoov (VLPFC/OFC) (Bechara et al. 1998, Collette
et al. 2001, Ernst et al. 2002, Horn et al. 2003, Fukui et al. 2005), givat mbavo o
OLYKEKPIUEVOS TOAVUOPPIGUOS v v ovoyetiletal pe Tig Asttovpyieg Tov
KOYYOUETOTIOIOL (QAOL00 KOl TOV KOIWMOKOV-TAGYIOV TPOUETOTLOIOL (AO100,
oAAd Ba umopovoe va  emnpedlel TG Agrtovpyieg TOL  paylaiov-TAdyloV

TPOUETOTIAIOV PAO10V, TOVALYIOTOV GE VYIELG APPEVEC.

No onuewwbei, eniong, 6TL M TOPOVLGH EPELVO.  OeV KATESEIEE ONUAVTIKEG

EMUITAOGELS TOV YOVOTOTMOL OTN AEKTIKY VAU, Topd TNV Katd Kopovg
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ATOOESELYUEVT] CNUAGIO TOV GUYKEKPLUEVOL EvEopavoTutov ot SCZ (Snitz et
al. 2006) ka1 tic avagopéc e peaétne GWAS, n omoia vmootnpiler 6Tt 0
noAvpopPopog 110503253 tov yovidiov CSMD1 amoterel mapdyovta Kivdvvov
yio v véco. To yeyovog avtd Oo pmopovoe vo artoloyndet amo v un
EUTAOKN TOV GULYKEKPIUEVOL TOAVUOPPIGUOV GTN AELTOVPYiot TNG AEKTIKNG
UvnunG, tovAdyiotov og vyielg véovg dppevec, kotevBoivovtog Tig vrobEcelg
GLGYETIONG TOV €V AOY® EVOOPALVOTUTOL WE TNV Topovcio. GAA®V yovidimv
KvoOvou yia T voco g oxloppévelng. H tehevtaio avt mbavotnta ypnlet
SEPEVVNCEMG VIO TO (PMOC GUYKEKPUEVOV EVOEIKTIKMOV GTOWEIMV Y100 EOKES
EMMTOGELG TOV ToAvpopeiopod CSMD1 rs10503253A/C ot voco (Donohoe et
al. 2013), kabdc ko v e&étoon AA@V emikivouvev yovidiov, To omoio
eVOEETAL VO OAANAEMOPOVY pe TNV KaTdotaot tng voocov (Prata et al. 2009,
Wirgenes et al. 2010). H &&oywyn ac@oA®OY GOUTEPUCUATMOV OVAPOPIKA UE TIG
EMUTTAOGELS TOV VIO HEAETT) YOVOTOTTOV GTN AEKTIKY Uviun/padnon, Ba propovoe
va glvor 10 avtikeipevo peAémng pog véag, e&icov evoeleyobs €pevvag o€

peyaATEPOVC VY1EIC TANBVoUOVE Ko VITokEipEVA LYNAOD KIvOHVOUL.

H onuavrtikn opotoyévela, v omoia tapovcstdlovv ot vyieig véot dppeveg Tov
EPELVNTIKOV HOG OElYHOTOG, MG TPOC TO. YEVETIKA Kol OMNUOYPUPIKE TOLG
YOPAKTNPIOTIKA,  TePlopilel v MOAVOTNTA YELOIMV GLGYETICEWV UE TNV

TOAVQULVOTLTIKY] LOG EKTIUNON.

O éleyyog tov cedApatog tomov I mpayparorombnke péow TG aVGTNPNG
dopbwong «atd Bonferroni post hoc tests yw ™ 616pbwon moAhomAdv

JOKIUACIDV.

152



To gupnHATO TOV TEWPAUATIKOV HOG LEAETMOV OV HTOPOVV VO 0tod0dovV 6TIg
ONUOYPAPIKEG UETAPANTEG TS MAKIOG Kol TNG eKmaidgvong o€ €T 1N OTIg
ouvN0eleg TOL KOTTVIGLOTOG KOl TNV TPEYOLGO d1AOECT TOV CUUUETEYOVI®OV TNV
NUéEpa G Yopnynmonsg Tov dokiuactdv (Gyyog, €ypnyopor, OLGOPECKELD).
Emndéov, dev pmopovv va yevikevBoOv e €upvTEPO MAMKIOKO QUGN 1) OTO
YOVOIKeEIo VA0, APNVOVTOG OVOIKTO TO EVOEYOLEVO OGS EPEVVNTIKTG VITOGYECTG

TPOG EMEKTOGT TOV €V AOY® OTOTELECUATOV UEG® HEAAOVTIKADV LEAETMV.

Yvvoyilovtag, eivor oxomyo va avaeepbel 6Tt 10 emkivovvo aAinio A
ocuvoétnke pe emProfeis emdpdoelg eml TG YEVIKNG YVOOTIKNG 1KOVOTNTOG Kol
MG EMTEMKNG Aeltovpyiag, N omoio ekTUNONKE HEG® VO EVPEWS PACHOTOG
VELPOYLYOAOYIKAV dokipacidv. Ta aveotépm gvpnuate emionpoivovy Tov
StopecoAafntikd poro tov yovidiov CSMD1 oty dnovpyio evalmtdTNTOG Yio
Vv avarntuén oylloppévelng PEo® €vOg pnyoviopuov, TURUo Tov omoiov Oo
umopovoe va amotelel 1 duoAsovpyion TOL aeONTIKO-KIVNTIKOD MOUOL Kot 1M
VEVPOYVMOOTIKY] EKTTMOT, ¢ eMPAOPEIC EMMTMOCES TNG TOPOLGING KOl TNG
dpdone tov emkivouvov aAAniiov A tov moilvuopeiopov rs10503253A/C tov

yovidiov CSMD1.
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Hivaxag 1. Anpoypoa@ikd yopaktnplotikd (MAkio Kot ekmaidevon o€ €1r) Kot GANEC
petafintég (oplOpdc KOmVIOT®V TPOG UN KOMVIOTEG, GUVNOEIEG KOMVIGUOTOC, TPEYOLGA

duibeon), ta omoia a&loroynOnKay KaTd TNV SLapKELD TNG EEETAONG TOV TPUDV YOVOTLTIKMV

OLLAd®V.

Opada C/IC(n=772) CIA(n=291)  AJ/A(n=36) P
Hhucio (étn)* 22.3+3.7 22.4%3.9 21.7+3.4 >0.6
Exnaidsvon (4mn)" 14.742.5 14.6+2.4 14.6+2.5 >0.6
Konviotéc/Mn Kanviotéc’ 332/440 136/155 16/20 >0.5
Konviotéc: Toty./muépa * 16.6+8.1 16.7+10.2 15.9+9.5 >0.7
VAS Ayyog’ 2.24+1.6 2.23+1.8 2.17+1.4 >0.9
VAS Eyptiyopon * 4.97+1.0 5.07+1.1 5.02+1.2 >0.3
VAS Avcapéoket 2.00+1.2 2.00+1.3 1.94+1.4 >0.8

! Mn-nopapetpuchi Kruskal-Wallis avédivon (un kavovikh kotavopr), 2 X2 cvykpion
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Mivaxag 2. Tlpocappoopéveg p-tinég and to permutation test yuo T GUGYETION TNG YEVIKNG
yvootikig wavotrag (1Q), kot tov evvéa tapaydviov and v Aviivon Kdpliov Zuvictoomv
(PCA) tov yvooTiK®V peTafANT®dV Yo, Tov molvpopeiopd rs10503253 CSMDI. Twég P <0.005
(oopBopéveg katd Bonferroni) eivar pe évtova ypdppota. P’ avagépetar oe Tpéc p,
TPOEPYOUEVEG OO TN GLUPOAN TNG NAKING, TNG EKTAIOEVOTG KOl TOV TOLYAPOV avE Muépa, To

omoia eM@Onocav ®g ocvvpetaPantés To ovpPforo peiov onpaivel younidtepo okop o©TO

emKivouvo aAAnio A.

Rs1050325 [CSMD1] P Beta (SE) 95%Cl P’
IQ
0.00025 | - -0.051/-0.015 | 0.00019
0.03316(.009)
AlopopP®oN XTpatnyikng
0.184 (0.058) | 0.071/0.297
0.001333 0.001654
Yyedloopog
-0.247 (0.063) | -0.371/-0.123
9.17E-05 0.000113
I'vootikn eveMéio /exudOnon
Kavova 0.001849 | -0.167 (0.054) | -0.273/-0.061 | 0.003001
EniAvon mpofinudrov
-0.134 (0.056) | -0.244/-0.025
0.01628 0.01841
Agktik Mviun Epyaciog
0.01639 0.128 (0.054) | -0.234/-0.023 0.02044
TTapatetapévn [pocoyn
-0.133 (0.057) | -0.245/-0.021
0.01965 0.02924
EXienym mpocoyng
-0.121 (0.065) | -0.247/0.006
0.06025 0.0606
Aniotuc Mvhun
-0.057 (0.057) | -0.170/0.056
0.3207 0.3834
ANMym aropdcemv vitd
cuvaeONUaTIK) EOpTION 0.9286 -0.005 (0.058) | -0.119/0.108 0.9678
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Yyqpoe 1. 1Q xor dwotdoeic PCA Tlapdyovia otig tpelg yovotumkés opdodes. Ot pafdor
avtmpoownevovy S.E.M. *** P <0.001, ** p <0.01, * p <0.05 petd and post hoc Mann-Whitney

TEOT.
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Yympoe 2. H eni to1g exatd TPOTOALUIKY OVOGTOAN TOV TPLOV YOVOTUTIKGOV opddmv. Ot pdfidot
cupuPoArilovv o TVTIKO GEAAUA TOV pEGov Opov. Ot opolvydteg AA Tapovcsldlovy GTATICTIKA
ONUOVTIKO YOUNAOTEPO EMIMESO TPOTOAUKNG OVOCTOANG, GE GUYKPLON UE TIG GAAEG OVO
YOVOTLTIKES OUAdES, 0edOUEVO TO 0Tolo emPePatdVETOL LE TO CNUOVTIKO KUPLO OTOTEAEGHA TNG

YOVOTLTIKNG Opad0g kot pe ta post hoc LSD tests.

%PPI

50 -

40 -

30 -

mcC 20 A
mCA

mAA 10 -

0 -

85_120

-10 -

220 -

.30 -




XYMIIAHPQMATIKA AEAOMENA

I'ovotomkn Avaivon

O molMamhactoonds TS aALoId®mTHS avTidpaong ™ moivuepdone (PCR)
Tpoypatomombnke o€ Evav TeEMKO 0yKo dtaAvpotog 25ul, o onoiog mepieiye 100ng
yevopkov deo&vpipovoviieikon o&Emg (DNA), 75 mM Tris-HCI, 20 mM
(NH42S04, 2 mM  MgCl,, 200 mM  peiyuatog tov  TPLPOCPOPIKOV
deo&vptfovovkieotidiov (ANTPs) (New England Biosystems, Ipswich, MA,
USA), 10 pmol amnd «dabe exxwvnty (primer) (Sigma-Aldrich, St. Louis, MO,
USA), 1 M N,N,N-tpyueboiyloxivn (Betaine) ka1 0.5 U Taq Polymerase
(Fermentas, Ontario, Canada). Ta otddia evoc mANpovg KOKAOL NTov T €ENG: 1)
apykn omodtdtaln tov ded&upifovovkieikon o&éwg (DNA) otovg 95 °C v 3
Aemtd, 11) 35 koKAol amodidtaing tov dedEvpifovovkieikon o&éwe (DNA) otoug
94 °C vy 30 devtepOrenta, TPOGOPUOYN TOV eKKIvTOV oto DNA-ekpoyeio
(annealing) otovg 60 °C yw 45 OevtepOLEnTO KOL  EMUNKVVON  TOV
VEOGUVTIOEUEVOV CUUTANPOUATIK®OV aALGidmV (chain extension) otovg 72 °C yia
60 devteporenta, iil) TeElkn emunkvvon Tov aAvcidowv (final extension) otovg 72
°C vy 10 Aentd g opoag. Katd ™ owdikacio mpaypatorombnke n ypnon tov

akorovbwv exkkivntov (forward Kot reverse):

Forward: 5- TGCAGCAGGAATCTGAGAATAG -3

Reverse: 5- TATTTCACATCCGCTCACTCAA -3
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Anoteléopora

Xopminpopatikog Ilivakas 1. H pdptwon tov yvootikdv petafAntdv o€ mapdyovies amo
mv Avdlvon xopwwv ovviotwc®v (Principal component analysis), mov ovédeile evvéa
dwotdoelg: 1: Andotikny Mviun, 2: Exiivon mpofinpdrtov, 3: Iapoatetapévn mpocoyn, 4:
‘Eldewym mpoooyne, 5: I'vootikn eveMéio/exuddnon xovovev, 6: Afyn amopdcemv vrd
cuvarsOnuotikn eoption, 7: Aektikn Mviun Epyaciog, 8: Awudpemon otpatnyiking/Xopikn
Mviun Epyaciog, 9: Xpdvog mov amorteiton yoo Tov GYeOOGUO NG emilvong mpofAnudTmy.
ApOuoi pe évtovn ypaen: Eigen values, ot apiBuoi otnv mapévbeon omoTuTOVOLY TV €T TIC

eK0To petapfintoémra.

AOKIMAZI I'vootikn 4.95 2.228
A petapinti (22.5%) | (10.1%)

WL Xootég 0.793
Amovtioelg:
Apeomn avaxinon

XooTéG
Amavtioeic:
Bpoyeio
kabvotépnon

YooTég
Amovtioeis:
Moxkpd
kabvotépnon

Adon
mapeicepnong:
Apeon avaxinon

Adon
mapeicepnong:
Bpayeia
kabvotépnon

Aabn
mapeioppnong:




Moaxkpd
kabvotépnon

SOC [pofAnuata wov
eMAVONKOV 6OOTA

Méaoog 6pog
KWNOEWV Yot TNV
emilvon

Méoog ypovogs yio
oV oYedoHd TG
Aoong

Méaoog ypovog yio
TNV EKTEAECT TNG
Xoong

RVIP 2®0TéG EMAOYEG
anoppyng

Y®OTEG ATOVINGEL

WCST Kotnyopieg ot
omoieg Egovv
cuumAnpwoet

Zvvolikd Aaon

IGT Enogekeis (Lukpod
piokov)emAoyEg

2UVoAKO KEPSOG
XPNHATOV

SWM Evéidpeca Adon
(Between errors)

Ecwtepikd Adbn
(Within errors)

Amotéhecpa
ZTpaTNyIKng
(Strategy score)

N-back Ywotég emhoyég 1-
back

Yootég emhoyég 2-
back

Yo0TéG EMAOYEG
3-back




Yopminpopotikog Iivakog 2. Méoog 6poc (= Tvmkny amndkAion) oAwv tov eéetalopusvov
petafintov tov WCST (Wisconsin Card Sorting Test), ywo tig Tpelg yovotumkég opdoes. Ta
OTMUOVTIKG EVPHOTO dtoKpivovTal Le EvTovn Ypaen], £T01 OTMOC TPOKVITOVY amd TIG CLYKPIGELG
ue Kruskal-Wallis pe p<0.005. H avéivorn Post Hoc avaeépetal ot onpovTikd omoteAécUaTo,

énerta amo follow up cvykpicelg, pe Pdon to otatiotiko teot Mann-Whitney.

WCST c/C C/A A/A P Post Hoc
Categories 545+1.1 | 5.24+1.1 | 5.03£1.3 | 0.001 CC>CA AA
Total Errors 7.12+6.5 | 8.5+6.7 10.448.5 | 0.001 CC<CAAA
Unrelated Cards 0.93+2.2 | 1.17£2.3 | 1.67+2.6 | 0.002 CC<CAAA
Nelson NP Errors 4,2+3.4 5.0+3.6 5.5+3.4 0.001 CC<CA AA
Milner-type Errors 2.81+3.1 | 3.34+3.3 | 5.08+6.7 | 0.001 CC<CA<AA
Milner NP Errors 3.4+3.2 4.0£3.3 3.7£2.3 0.007 CC<CA
Nelson-type Errors 1.96+2.8 | 2.25+2.7 | 3.31+6.3 | 0.06
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Yoprinpopotiké oyqpa 1. H otpamywn (strategy score), kot to. AGOn (between-, double
errors) oto 16T SWM, kabdg ko 1 axpifeia oto 1e0t N-back (N-back accuracy) og oyéon pe 10
eninedo SVoKOMAG TOV TEGT Y1 TIG TPELS YOVOTUTIKES opddes. Ot papdot (bars) aviictoryodv 610
TOUTIKO oPdApa tov pécov Opov (S.E.M.). Ilpaypatomombnke ypnon two way ANOVAs
(yovotumog X eminedo dvokoriag) ywa v avdivon tov Aabdv (Between-, Double-Errors) kot
Kruskal-Wallis ANOVA yia thv av@Avon Tov omoTte e ATV TG 6TpaTyikng (strategy score).
*** p<0.001, ** p<0.015, *p<0.05. Zrparyyixy (strategy): Oco peyordtepn eivor 1 Ty Tov
OTOTELECUATOG, TOGO TEPICGOTEPO EAMAEUUATIKY VAL 1] IKOVOTNTO Y10 SIOLUOPPOCT) CTPOTIYIKNG
amd TNV mAEvpa Tov efetalopevov. H kopuo emppon tov yovotdmov [(genotype main effect)
(Kruskal-Wallis x*= 15.6, df=2, p<0.001)], pe tc follow up Mann-Whitney ANOVAs, va
eaivovtol pe ootepiokovg. Between errors: H wopla emppor tov yovotvmov [F(2,1091)=11.2,
p<0.001], pe Tukeys HSD post hoc tests, va deiyvovv: AA>CA (p<0.05), AA>CC (p<0.001),
CA>CC (p<0.004). H oiAnAemidpacn yovotdmov kot emmédov SvokoAiag (yovotumog X
dvokolia) [F(4,2182)=7.5, p<0.001], ue follow up one way ANOVAs va. deiyvouv GnUovTIKN
eMidpacmn Tov YovoTLTOL oTa 6- Kol 8-box mpoPAnuate (p<0.003 kot p<0.001 avtictoiywg). H
epappoyn Tukey HSD post hocs ota 6 box mpofiquate anédeie 611 AA>CC. H epapuoyn
Tukey HSD post hocs ota 8 box mpoPiiuata anédeie 6Tt AA>CA, AA>CC xaw CA>CC. H
KOploL EMPPOT TOL EMMEOOV OVGKOAMOG MNTOV OTATICTIKOG ONUavTiK oto eminedo p<0.001.
Double errors: H xbpio emppon tov yovotomov [F(2,1091)=4.0, p<0.02], ue to Tukey HSD post
hoc tests va deiyver 61t AA>CC (p=0.07). H xbpa emppon] tov emumédov Svokoiiog MTav
GTOTIOTIK®MG OMUavVTIKY oTo eninedo p<0.001.
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Xopminpopatiké Xyqpe 2. Ta cootd Avpéva mpoPanpata katd t doxpacio Stockings of
Cambridge (SoC) task, ot tég tov apykov yxpoévov okéyng (oxedaopov G AVomng), Tov
emokOAovBov YpovoL okéyng (ektéleon g AVoTG), KaBAdS Kol TOL HEGOV OPOV KIVGEWMV TTOV
amotOnKay yio Tnv AVoT o€ oxEoN LE TO ENImEdO SLGKOAING TOV TEGT Y10l TIG TPELS YOVOTUTKES
ouadec. Ov papoor (bars) avtiotoryovv 610 TVMKO GEAALO TOL pécov Opov (S.E.M.).
[paypotoromnke ypion two way ANOVAs (yovotvomog X emimedo SuokoAinGg) ywo tnv
avAAvon Tov apyIKoD Kol TOV €TAKOA0VOOL ¥POVOL GKEYNG, KaBMG Kot Yo TV avdAvon Tov
pésov opov kwvnoemv. Kruskal-Wallis ANOVA ywo v avdivon tov [pofinudtov to onoia
eMAOONKaV cwotd. *** p<0.001, ** p<0.015, *p<0.05. Ipofinuazo mov emiAvOnkav ocwora: H
KOplo. emppon) Tov yovotomov [(genotype main effect) (Kruskal-Wallis x2=16.5, df=2, p<0.001)]
pe 1o amotedéopata tov follow up Mann-Whitney ANOVAs, va @aivovtal pe ootepioKoud.
Apyixog ypovog oxeyng (Xpovog ayediaouon): H xoplo emppon tov yovotvmov [F(2,1091)=8.9,
p<0.001], pe Tukeys HSD post hoc tests, va deiyvouv ot AA<CC (p<0.07) xouw CA<CC
(p<0.001). H aAAniemidpacrn yovotumikng ouddag Kot emumédov SvokoAing (yovotvmog X
dvokohia) [F(6,3273)=5.6, p<0.001], ue follow up one way ANOVAs va. deiyvouv onuUovTIKn
eMidpacN TOV YOVOTUTTOL GTa TPoPARata 4- Kot 5- kwvnoewv (p<0.001), eved 1 epappoyn Tov
Tukey HSD post hocs édeie 6011 CA<CC. H xbOplo emppon tov emumédov OLVGKOANG MTOaV
OTOTIOTIK®G onuovtikn oto eninedo p<0.001. Méoog opog kiviigewv: H wvpla emippon Tov
yovotvmov [F(2,1092)=7.5, p<0.001], pe to Tukey HSD post hoc tests va deiyver 611t AA>CC
(0.015) xon CA>CC (p<0.008). H xvpro emppon 100 €MMESOL SVGKOAMOG NTAV GTUTIGTIKMG
onuovtikn ywo 1o eminedo p<0.001. H aiinienidpaocrn yovotumikng opddag Kot EMTESOV
dvokoriog (yovotumog X dvokoria) [F(6,3276)=4.0, p<0.003], pe follow up one way ANOVAS
va Oglyvouv ONUOVTIKN ETPPOT TOV YOVOTLMOV OTe OVGKOAN TPOPANUATO TV 5 KIVICE®V
(p<0.001), evdd n epappoyn tov Tukey HSD post hocs €deie 6Tt AA>CC a1 CA>CC. H xopla
EMPPOY] TOL EMMESOL OVLOKOAMOG MTOV OTOTICTIKOG ONUOVTIIKA ©T0 eminedo  p<0.001.
EnaxolovBos ypovog oréyng: Tdon yw v kdpla emippon] tov yovotvmov [F(2,1091)=2.8,
p=0.06] ue AA>CC (Tukey post hoc p<0.08). H kOpia emippon tov emmédov dvokoAing NTov
OTOTIOTIKMG ONUOVTIKN oTo eninedo p<0.001.
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$ana 001, *p<0.0], *pad 08

(Onwg PAénete avotépo, 6T0 ZOUTANPONUTIKO Zyqpa 2)




B. Agvtepn Heypopotiky Merétn

H Eniopaon tov moivpop@iopov rs1229761G/C tov yovidiov
FOXP2 otov owoOntikokivntikd n0pd, 1 YvoOTIKI
Asrtovpyia, T YAOOGW/ZKEYN KOl TO ocvvaicOnua oe vyieic
appeveg.

1. Ewayoyn

H Zylloogpéveia (SZ) wxow m  Awrtoapoyn Eliewpotumg Ilpocoync-
Yrepxivnrkdémrog (AEIT-Y) evoéyetoan  va  popdlovior  Kowég  YEVETIKEG

emKivouveg TapoilayEc.

To yovidio foxp2 éyer evoyomombei yio pio cofapr popen datopayng Tov
Adyov Kot ™G YA®ooOGC, 1 omoia avakaAveONKe 6e (o aAANAOLYI0 YEVEDY HL0G
HEYAANC OWKOYEVEWNC Kol o€ Mol ave€dptnn mePItT®MOon — UETATOTIONG
ypouocouatoc (Lai et al. 2001). To foxp2 sivor mBovov va amotelel Eva
eeldkevévo otov avlpwmo yovidlo, kabmdg 0 AOYog Kal 1 YAMOGCO AmoTEAOVV
Aertovpyieg mov yapaktnpilovv uoévo to avBpmmivo eidog (Takahashi et al. 2009).
H obykpion tov yovidiov foxp2 dapdpov opyaviopdv €xel omoKaAbYEL OTL 1)
npwteivn Foxp2 elval pdidov eEoupetikd dtatnpnuévn HeToEd TV ONAAcTIKOV
(Enard et al. 2002). Ymapyovov poévo o600 apvoééo oto omoia OapEpovy ot

dvOpmmol amd Tovg YTaTindeg Kot Tpia S1POPETIKA aptvocéa pnetald avlponwv
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Kol EMPOOV. ApKETEC ORAdEg £xovv amooeilel o mpodTLTO EkPpacns Tov Foxp2
mRNA 1 ™¢ Tpoteivng 6Ta TPOKTIKA, TO U1 ovOpOTIVO, TPOTELOVTO KOl TOVG
avOpomvoug eykepdiovg (Ferland et al. 2003, Lai et al. 2003, Takahashi et al.

2003, Takahashi et al. 2008a, Takahashi et al. 2008b, Teramitsu et al. 2004).

To yovidio foxp2 ekepaletar oe S1GPOPeEG OOUEG TOV KEVTPIKOV VEVPLKOD
CLUCGTNUATOG KOTO TN OpKeE NG aVATTUENG, GUUTEPIAAUPOVOUEVOV  TOV
EYKEPAAKOD PAO10V, TOV PaBO®TOD CMOUATOS, TOV BaAdLOV, TNG TOPEYKEPAMIOC
Kot Tov votaiov pvelod (Takahashi et al. 2009). Qoct6c0, 0 peTAYPAPIKOS
Tapdyovtog, o omoiog kmdikomoteitan amd 1o gv Ady® yovidlo (Forkhead box P2/
Foxp2), éxer amodeybel mwg eumiéxetalr otnv opAia, Tn YAOGGO KOl TO
KukKAOpote @Aoov-facik®v yayyAiov (Spiteri et al. 2007). Meléteg mov
npoypoatorombnkay ta tehevtaio ypdvia, vroommpilovv ™ cvoyétion tov foxp2
YEVETIKOV TOTOV pe Tov avtiopd (Gong et al. 2004, Li et al. 2005),  AEII-Y
(Ribases et al. 2012) ko ) oyloppévela (Tolosa et al. 2010, Sanjuan et al. 2006,
Spaniel et al. 2011). H ylooown oavemndpkew, m EAAEWYN TPOGOYNG, N
TOPOPUNTIKOTNTA KOl 1) OVOCAELTOVPYIKOTNTA TOL PAOOPACIKOD YOoryyAlLOKOV
KUKADOUOTOG  OmOTEAODV  KEVIPIKA  YOPOKINPIOTIKE TOV  TPOUVOPEPHEICHV
dwrapaydv (AEIL-Y, ovtiopog, oyloppévewn). Qotdco, mn  emidpoacn TV
EMKIVOLVOV ToAVHOPPIoUdY Tov fOXP2 6 GYETIKOVG EVOIAUEGOVS PALVOTVTTOVG

dev &yel péypt TG mopovong peretnOet.
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2NV GULYKEKPUYEVN €PELVNTIKY UEAETN emMALEQpE TOV U KOOIKOTOU|GULO
nolvpopeopd rs1229761 G/C tov yovidiov foxp2, to adAniio G tov omoiov £xet
anooeyBel ott ovoyetiCeton pe ™ Awrapoyr, EAleypotikng Ilpocoync-

Yrepxwvnrikétntog (AEIT-Y).

Qg gpevvnTikdg o1dY0c TéONKE M extiunon ¢ emidpaocng  TOL €V AOY®
TOAVLOPPICHOD GE EVOIUECOVS PALVOTVUTTOVS, GTOVS OTOI0VG TEPIAUUPAVOVTAL T
Aertovpyio Tov  aicOnTikokivnTikod NOuov (Aertovpyio Gating), M YvooTiKn
Aertovpyia (cognition) kot yvopiouato tng tpocomikoétntog (personality traits). H
CLYKEKPLUEVT] EPEVVITIKN TPOGEYYIOT), EMITPEMEL VO EMGTLOVOOVV O pnyoavicuol,
HECH TV OTOIMV Ta YOVidla avEavouy Tov KivOLVo Y10, VELPOOVOTTUELNKT] VOGO.
H pedémm tov Aettovpyikov pnyovicudv tov emProfov yovidiov ce vy
vrokeipeva elvarl eAeOOEPN 0TO GLYYVTIKOVG TOPBEYOVTEG, Ol OTOI01 EMUTAEKOLV TNV
epunveia TV eupnudtewv 6 TANOLVGHOVG acBevdv, OTmMC givar 1 NAkio Kot To
@OAO, 1 QOPUOKEVTIKY] OY®YT, 1] TOPOLGIO GUUTTOUATOV KOl Ol EMMTMOCELS TNG
YPOVIOG VOGOV GTOV €YKEPUAO TV VOGoUvImV. Etol, ot veapol dvdpeg vyieig
€0eAOVTEC amOTEAOVV 100VIKO HOVTELD HEAETNG TOV AEITOLPYIDV, GUVETELDV TOV
yovidiwv, AOY® EAAEWYNG TPOPANUATIKOV TOPAYOVI®V TOL OVGKOAEDOLV TIG

neAréteg o acbeveic.
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2. M£0odor

2.1 Xoppetéyovreg 6T pEAETN

829 véol dppeveg otpatoroynOnKay and 10 TPOTO KLU TOV GLUUETEXOVIMV

¢ kooptg LOGOS (Learning On Genetics Of Schizophrenia Spectrum).

2.2 Tovotvmikn Avdivon

Eni tov dsiypotoc, deEnydn mpoomtikry yovotumikn avdivorn (prospecting
genotyping) am6 v K-Biosciences, ave£aptnto amd Tn QovVOTULTIKY ovaAvon.
O1 Xoppetéyovtec opodomomdnkay cOUEMVO, LE TO YOVOTLTO TOVS GTIC AKOAOVOEC

tpelg katnyopieg: GG (n=276), GC (n=404) ko1 CC (n=149).

2.3 Nevpoyvootikn Extipnon

AlevepynOnke TOGOTIKOTOINGCT EVOLAUEC®V POIVOTOTTOV HEG® TNG YOPNYNONS
Nevpoyvyoroyikdv kot  NevpoELGIOAOYIKOV  dokipactdv. Ot gvdlduecot

(OWVOTVTIOL, Ol OTO10l EKTUNONKAY TOGOTIKA €ival 0 aeOnTikokivnTiKdg NOUOG
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(Sensorimotor  Gating), m yvootikny Aewtovpyion  (Neurocognition) kot

YOPAKTNPLOTIKA YVvopiouata e Tpoconikdtntag (Personality traits).

I. AweOnTikoxivntikog nOpoc: H Asttovpyio tov aucOntucokivntikov nOpov 1,
aoONTIKOKIVNTIKNG OmOnong eAéyyOnke Qe TNV TPOMOAUIKY] OVOGTOAN TOV
OKOVGTIKOV OVTAVOKAOGTIKOD 0L@VIOOGHOV, OTMG KOl GTNV TPONYOVUEVT] LEAETT,

Kot weprypdpeTat avarvtikd oto Kepdiato «kMEGOAOTDy.

II. I'vootiki) Agwrrovpyio: To vrokeipeva vrofAnOnkav otig 1d1eg doklacieg
aEOAOYNONG TOV EMTEMK®V AEITOVPYLDV, OGS KOL GTNV LEAETT TOV TPONYNONKE.
Mo o Aemtopepn) meprypagn twv  Ooklpaciav, PAéne oto  Kepdiowo

«ME®GOAOIy.

III. Xapaxkmprotike Ilpocomxétnrac: H extiunon tov «ZvvoucOnuotikov
Kol un XvvocOnuotikov Xopokmplotikav e [lpocomikdtmroacy éaafe yopa

HEG® TNG YOPNYNONG TOV AKOLOLOWV EPMTNUOTOAOYI®V:

a) To epwtnuatoroyio twv_Carver ko White’s yia 1o odotqua ovaotoln

ovumepipopag/evepyoroinon ovurepipopds (BIS/BAS) (Carver C & White T 1994).

B) To Epwtnuotoioyio Amoypapns 0i100tdoewv tne 101060YKPOCIOS KOl TOD

yopoxtipa. tov Cloninger (TCI) (Cloninger et al. 1993). y) To Epwtyuaroloyio
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Lpoowmrotnrog tov Eysenck (EPQ) (Hans Jorgen Eysenck & Sybil BG Eysenck

1975) ko 6) To Epwtnuotoloyio Xyilotvmikav yopaxtypiotikey (STQ) (Kelley M

& Coursey R 1992) (Claridge & Broks 1984).

Oleg o1 mpoavapepbeioeg dokpacieg mapatifevior avorlvtikd oto Kepdioto

«ME®OAOIy.

2.4 X1oTIoTIKES AVOADGELS YOVOTVTIKAV OUAd MV

H odykpion t@v yoVOTURIK®OV OpAd®mV Y10, TOV moAvpopeicud rs1229761G/C
tov yovidiov FOXp2, g mpog OAeg TIC OMUOYPAPIKES UETAPANTEC, TIG
VEVPOYLYOAOYIKEG  OOKIHOGieg Kol TG  KMUOKES — TPOCOTIKOTNTOC,
npaypoatorombnke péow g ypnong tov un mopapetpikod Kruskal-Wallis test oe
KkéBe mepintmon avdilvone tov Vo €EETaon YUPUKTNPIOTIKOV KOl, EPOCOV TO
dedopéva pag dev NTav kavovika kotaveunuévo. H e&iooppdmmon kot Hardy-
Weinberg, yuo apedotepovg tov (Pro-)deikteg, emainfedtnke pécm e xpNong g
ékdoong 4.0 tov mpoypdupatog Haploview (Barrett et al. 2005). T v peimon
g mhavottog Type | error, kaBopicape to €Xinedo GMNUAVIIKOTNTOS GTNV TIUN
tov o = 0.01. Ta amoteréopara, to omoio Be@PNONKAY O CTATICTIKG GTLLOVTIKA

&ywav follow up pe Mann-Whitney ANOVAs.
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XV mePInTOOoN TG AVAAVONS YVOOTIK®OV dOKIUACIDV LE OLPOPETIKA EXITEON
dvokoAiag, epapudotnke two way ANOVAS, ue tov yovotumo o¢ tov between-
Kot To eminedo dvokoriog w¢ Ttov Within-subject mapdyovta. H kbpia emppon tov
EMUTESOV OLOKOMOG Y10 OAEC TIG OOKIUOGIEG NTAV, O KAOE TEPITTMOT), GNUAVTIKNY
oto eminedo P<0.001 ol Oev avOQEEPETOL HE TEPOUTEP®D AEMTOUEPELES OTA
anoteléopota. AELOAOYOUVTOL TOL EVPNATO, TO, OTTOIC TPOKVTTOLYV OTO TNV KVPLL
EMPPON TOL Yovotumov pe TV epapuoyn LSD post hoc tests, kabog kot doa
a@opovV GtV AAANAETIOpaGT YOVOTOTOV €mi TNV dvoKOAl TNG dOKIHAGIOG. XTIG
TEPMTMGES OTIG omoieg mapofalotav 1 mopadoyn S oEAUPIKOTNTOC,
epapuolotav Greenhouse-Geiser d16pOmon g tung p (p value), kou mapoatibevto
ot BaBuoi erevBepiag, avev dtopbwonc. TéLog, TpayLaTOTOOVVTAY UETPNGELS TOV

neyéooue amoteréoparoc (n).

3. Amoteréopata

Ta vrokeipeva opadomomdnkay GOUEMVA LE TO YOVOTLTO TOVG OTIC AKOAOVOES
tpelg  katnyopiec: GG (n=276), GC (n=404) «xau CC (n=149)
(MAF/MinorAlleleCount: C= 0.204/446), Omw¢ okplBOg avaeépdnke otnv

TapdaOEST TNG YOVOTLTIKNG OVAAVGTG.
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Aegv mopomphnke amdkion amd ™V ooppormia katd Hardy-Weinberg
(x*=1.6, BaBpoi ehevbepiac: 3, p=0.5). Emione, dev SlamoTtdOnKoy 6TATIOTIKG,
ONUOVTIKEG O1POPEG HETAED TOV TPUDV YOVOTLTIKOV OUAO®V G TPOG TIG
INUoyYpapkég petafAntés (nAikio Kot ekmaidevon g £€1n), TOV OEIKTN VONUOGHVNG
Kol TIC ovvnbeleg Kamviopotog, pe eaipeon TV TOPAUETPO TOV OPOUOD TV
KOTTVIOTAOV TPOG TOVG LT KATVIGTEG, 1 OO0 ELPAVIGE OPLoKT d1apopd Kot EAPOM

VIOYIV ®G GLV-UETOPANT 68 OAeg T avarvoelg (TTivakag 1).

IMivaxag 1. 1 Kruskal-Wallis, 2 chi square

GG GC cC P-

value
Anquoypogikd ororyeio
HAwcia (o€ €n)! 22.4+3.7 22.9+4.2 225+3.8  >0.57
AN., omotéAleoua 6T doKaciol 112.6+10.2 113.1+10.0 112.9+11.2 >0.6
Raven’s (Raven’s row score)!
Exntondevtikod eninedo 14.7+2.6 14.8+2.6 147426  >0.61
(exppacuévo o aplBuod etmv)’
Komviotég/un kanvietéc? 136/140 162/242 62/87 =0.06

Konviotég: apBuog torydpov/muépa 16.6+8.0 15.7+8.4 16.1+8.5 >0.51
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To Zyqua 1 amotvmdvel v wopovcios EAAEILNOTOS GTOV aloONTIKOKIVNTIKO
NOuo tv eopémv tov emPrapoig ariniiov G (N=680), 6mmwg amodeikvieTol and
mv onuavtik 3-way orinieniopacn oty ANOVA (p<0.01) kot péom g
epapuoync post hoc LSD tests. Avolvtikdtepa, mopatnpeital 6Tl ot opeic Tov
emikivovvov aAlniiov G (GG ko GC) moapovotdlovy onuUovTIKG YOUUNAOTEPO
EMIMEDO TPOTAAUIKNG AVAGTOANG GE GUYKPLOT Le TOVG opoluymteg g mpog 1o C
aAANAL0, LOVO 67O Ppayd xpovikd pecodidotnuo twv 30 ms (pre-attentive gating)

ue yopnyovpevo tpomorpod évracnc 85dB (85_30 trial type).

Yyfqua 1. TIpomodpiks ovaotoln] yio mpomaipode 75- xor 85-dB kai pecodiactiporo

TPOToALov-Tokpov 30, 60 kot 120 ms
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-S B Gcarriers

a 40 A _

-E OCC ~

9 20 _ I_‘_‘
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H o&oAdynon g emidpaong twv YOVOTLTIKAOV OUAO®V OTIS YVOOTIKEG
Aertovpyieg O€V AMOJEIKVVEL ONUAVTIKEG O10popEg HeTalh Tovg, pe eEaipeon v

KAVOTNTA SIOUOPPMONG GTPATNYIKNG KOL TN YOPIKN UV U EpYACiog.

[Two avolvtikd, ot gopeic Tov emkivovvov aAiniiov G eppdvicav @TOyOTEP
wKavOTNTA 61N SUOPE®OoN oTpatnylkne. Onwg SomoTOVoVLE GTNV PO
gewova T0v oynuatog 2, eiyov vynAdtepn emidoon oce GUYKPION HE TOVG
opoluyotec o¢ mpog 10 C oAARA0, S10TL 0dnyovviav € TOAAATAES TLYOHEG
EMAOYEG KATA TN SIAPKEL TG SOKIHOGING, Ol Ooieg dEV €VLVOOLGAV TN GMOOTN

CTPOTNYIKN.

Eniong, oo G oopeic éxavav mepiocoOTepa AGON Katd TNV eKTEAEON TNG
JOKIUAGTOG Y10 TN YOPIKN UV €pYOGiag, YEYOVOS TO 0moio dlapaiveTal Kot oTnv
teAELTAl0 EIKOVO TOV OYNUOTOC 2, 1) OTTOI0 ATOTVITMVEL TO. GLVOAKA AGON TV dV0
YOVOTLTIKAOV OUAd®V, 0AAL KoL GTIC DITOKATNYOPieg «EVOLApESH AAO Kol «OITAN
AGON» omv mo dvokoAn cvvOnKn TV 8 gkoviKOV KOPwV enl g 006vNg, o€

ovYKpLon pHe Toug opoluyotec o¢ mpog 1o C aAinAto.

Qo1660, enedn] 10 eninedo onuavikotTag kabopiotnke e p T < 0.05, o
ev Mym evpnpota dev emefiocav petd ™ 010pOwon Yo TOALATAEG OOKIUOGIES.
Q¢ ex T1oOTOL, Khvovue ADYO Yoo TPOTEWOUEVY) UOVO ONUOVTIKOTNTO Yo

HEALOVTIKEG LEAETEG.
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Tyqpe 2. Xopiki pviun epyaciog Kot tkavotnto Kafopiopod oTpatnyikig

ZTpamnyiki Evaidueoa AG6n
33.2 4 20
154 —¢—G-
32.8 1 —o— Popeig C
10 -
32.4
L °
32 4 T 0 )
G-@opeig CcC 4- eik. kUBol  6- €IK. KUBoI 8- eIk. KUBOI
ArTAd Aden ; ;
2uvoAikd Aden
1.4
1.2 1 s 2
1+ -

0.8 | —o— POPEig C gl

0.6 1
0.4 1

0.2 1 1

0 ‘ ‘ ‘ 17 & ,
4- gik. KUBol  6- K. KUBoI 8- £IK. KUBOI - QOpPEIC CcC

H olykpion tov yovoTLUMIKOV OUAd®V MG TPOG TA YOPOKTNPICTIKA TNG
TPOCOTIKOTNTOS OTESEIEE OTL OL MO CNUAVTIKES O10POPEG HETAED TOVG QLPOPOVV
o1 oyoturio. Onmg, TapatnpovpE GTIC EIKOVEG TOL GYNUOTOG 3, Ol POPELG TOV
emPAafoic oriniiov G avaeépovv mepiocdtepn  “Maywn Zxéyn” Kot

neplocotepes  “Mn  ovvnlelg eumepies” oe  emimedo  p<0.01, oAAd dev

176



TOPOVGIALOVY CNUOVTIKE DYNAGTEPO SCOrE GTOV TOPOUVOLOT| WOEAGUO GE GYECT LE
tou¢ opolvywteg wg mpog 10 C addnio. H ovvoAiky, emiong, anddoon tov G
eopémv oty KApoka (STQ), n omoia exTId Ta YOPAKTNPIOTIKA TG o)loTLTTING
nrav peyordtepn oe eninedo P<0.05, aArd avopepOUEVT] LOVO MG TTPOTEIVOUEVTG
ONUOVTIKOTNTOC» Y10, LEAAOVTIKEG UEAETES, KOOMDC 0eV €MERIWGE TOV GTOUTICTIKOV
Kputnpiov vy mwoAdamAéc dokipaciec. Ta amoteAéopato avTd VTOSEIKVOOLV
dvoiertovpytkn okéyn otovg G gopeic oe chykplon pe Toug OPOlVYDTEG OC TPOG

10 C aAA\0.

Emuthéov, Omm¢ dwomiotdvovue 6to oynua 4, ot @opeig tov aiiniiov G
napovotldlovy vynAdtepo score otig KAipakeg Fun Seeking (extipunon g tdong
TPOGEYYIONG €VOG VEOL Yeyovotoc pe Pdomn v mpdbeon g OTIYUNS) TOL
gpomuotoroyion BAS ka1  Novelty Seeking (avalimmon koawvotopiog) tov

epomuatoroyiov TCl o eninedo p<0.05.

Ta gvpnpota, To omoio, amotTuTOVOVTOL 6TO GYNua 4, dev enePfimwoav peTd
dopbwon kard Bonferroni kot vrodnAdvouv avénuévn mapopuntikdtto tov G

QOPEMV GE GVYKPLON Le TOVG opoluymTeS ™G Tpog 10 C aAAAL0.

AvtiBétmg, n kAlpoka e areSiBopioc, otnv omoia, emiong, eetdotTnroy Ta
VTOKEIUEVO, HUE VTOKAMUOKEG TV IKOVOTNTO TPOGOOPIoUOD TV cuvaisOnudtov,
™ PlOpoTIKy eumelpio Kot Tn AEKTIKY K®OKOTOINom Tovg, Oev amédei&ov

ONUOVTIKEG OL0POPES LETAED TV TPLAV YOVOTLTIKAOV OUAOMV.
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Yyqpe 3. lovotumikég opddeg Kot oyiotumia.
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Yyqpo 4. ['ovotumikég opddeg Kot TAoT PO TapOPUNG.
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4. Xolnton

H mapovca perétn eivar m mpdOIN EMOGTNUOVIKY TPOGEYYIOT) EAEYXOV TNG
EVOEYOUEVIG  EMPPONG  TOL  TOALHOpPIopoy Foxp2 rs1229761 enl  twv
EVOOPALVOTUT®V TNG TPOTOAUIKNG OVOIGTOANG, TMV EMTEAMKADV AEITOVPYIDV KOl
TOV YOPAKPNPIOTIKAOV TNG TPOCOTIKOTNTAS GE £va, LEYAAO delypa, AmoTeEAOVUEVO
and vyelg appeves. Ot @opeic tov aAinAiiov G, to omoio €xer tavtiotel pe
avénuévn evadotdtTNTA TPOS TN vevpoavartuélokn Atotapayn e EAleippoticng
[Tpocoyng-Yrepkivnrikdétrog (AEII-Y), mapovsialovv, Kupimg, SVGAEITOLPYIKT|
OKEYT KOl TOPOPUNTIKOTNTO GE GUYKPLON UE TOVG opolvymteg Tov aiiniiov C,
EVD MG TPOG TN YVAOGOTIKY] TOLG OevOTNTA OlmoTOONKE 1 Thon vo epgovifovv
UELOUEVOL EMUTESN TPOTOAUIKNG AVOGTOANG KOl EAASIUUOTIKY LWVALUN €pYOciag, To

omoia, OpmC, oev emefiwacav g O10pOBmoNC Y10 TOAAATAEG LETPNGELS.

AVOALTIKOTEPO, M TPOMOAUIKT] OVOOTOAN} TOV QOPEMV TOV EMIKIVOLVOL
oAMniiov G mopovsiocav ONUOVTIKE YOUNAOTEPO EMIMEOO  TPOTOALKNG
aVOOTOAMG 6€ oVYKplon HE TOVG opolvydteg w¢ mpog to C aAlnio, udévo ot
dokuacio Tov Ppoyéoc ypovikov pecodoomuatog tov 30 ms (pre-attentive
gating) pe yopnyovuevo mpomaAud évtaong 85dB (85_30 trial type). To ev Adyw
OpNUO. GLVOLALETOL UE TO OTOTEAEGLOTO TTPOCPATNG EPEVVOC GE EMIUVES, LEGM

™m¢ omoiog amodeiybnke 6t Foxpl knock-out ermipwvec mapoveialovv peiopévo
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enminmedo TPOMUAUKNG avacToAng o€ ovykpton pe Wild Type (WT) eripveg (Bacon
et al. 2014). H dwatapoyn TG TPOTOAUKNG OVOOTOANG HOVOV o€ pre-attentive
ocuvOnkeg (OnAadn tov Ppayéog pecodactnuatog twv 30ms peta&d TPOTAALOD-
TOALOV) ivor ONA®TIKY 0TL 1] SVGAELTOVPYIO GTO KUKAMLLO, TO 07010 dtopecolaPel
TNV TPOTOAUIKT] OVOGTOAY, TPEMEL Vo, €lval, KLUPIMG 6€ EMIMEOO HEGEYKEPAAOV-
Bacwdv yoayyAlowv, pe tov mpopetomoio AofO va katéyel Aydotepo Papivvovia
pOLO, KOOMDG M GULUUETOYN] TOL GTNV TPOTOAUIKT OVOGTOAYN a@opd, Kupiwe, o€
ueyoAvtepa, pecodtaotipota (120ms) katd ta omoia mapepfoivovv dadikoaocieg
TPOGOYNG, EKTOPEVOUEVEG amd Tov Tpopetomoio erod (Filion et al. 1993).
MetaArdEelg oto yovidro Foxpl eivor dvvatdv vo odnynoovv ce €va @acua
vevpoavantuélok®dv Tadnocemy, OTMS elval 1 VONTIKN LOTEPNOTN KOl O OVTIGUAG
(Bacon et al. 2014), otov omoio, emiong, £xel damoT®OEl UEIOUEVT] TPOTOALUIKTY
avaoctoAn (Perry et al. 2007). To éAhelupa 6TV TPOTOAUKY OVOGTOAN GTOLG
Foxpl knock-out emipveg, kabmg kot og acheveig pe avtiopd (Perry et al. 2007),
e€nyeitar, pepk®dg, AOY® NG EAAEWUOTIKNG OVOATTUENG 1TNG TEPLOYNG TOV
pafdmTon, 1 omoio omoteElel TUAUO TOL KUKADUOTOS (AOL0V-UETOLYULOKOD-
PUPBOOTOV-WYPAC CEAIPAS, TO OTMOI0 GLUUETEXEL GTN POOUIOT TNG TPOTOAUIKNG
avactolig (Koch M. 1999). AlMwote, o Foxpl petaypaeikds mopiyovtag,
Oewpeitor 011 evéyetar ot vevpoavdmtuén  tov  pafdmTod  Kor  TOV
TOALOTAQGIOCUO TOV KUTTAPWV TOV, EVM GE GLVIVACUO e TO Yovidlo FOXp2, ue
10 omoio oynuatilel, cuVNO®G, £TEPOSIUEPT], OVOPEPETOL 1) EUTAOKN TOVG OTN

HOPQPOYEVEST T®V KLTTAP®V TNG CLYKEKPIUEVNG meployns. To yovidwo Foxpl,
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Aowov, aivetal va tailel onUOVTIKO pOAO GTO OVOTTUGGOUEVO PaBOTO KOT TNV
euPpokn Lon, eved to yovidlo FOXP2 paivetatl va evéxetal otn LOPPOYEVVEGT TOV
pafdmtod kotd v opyn niia (Ferland et al. 2003, Teramitsu et al. 2004). Xe
EPEVVEG e LOVTELD ETUV®V, TA O0moia LTOPANONKaV 6€ Tpomomoinon Tov Foxp2
yovidiov pe v TpocHnkn Tov aviictoryov amd to avbpdmivo yovidioua (Enard et
al. 2009), anedeiybn o poLog TOV €V AOY® YOVIdiov 6TOV KAOOPIGUO TOV EMTESWDV
™G VIOTapivng, 6T HOPPOAOYiol TV OEVOPLTMV, TN YOVIOLOKY] EKOPUCT KOl TNV
TAOGTIKOTNTO T®V GUVAYEWDV GTH TEPLOYT TOV POfOIMTOV, TO OTOI0 GLUUETEYXEL GTO
KOKA®po  @AOL-facikdv  yoyyAlov mov EUMAEKETOL OTOV  EAEYYO NG
TPOTOALKNG AVAGTOANG. XVVOLALOVTOG T ATOTEAECLATO TOV EPELVAV GE EMIVES
pe to ebpnua g Tapodeos Epevvas, BAcel Tov omoiov ot Popeic Tov emkivovvov
oAniiov G ywo Tov moAvpopeicud Foxp2 rs1229761 mapovcidlovv pelmpévn
TPOTOAUIKY] avaGTOA og pre-attentive cuvbnkeg pe mpomoipnd Evraong 85dB,
OmOOEIKVIETAL OTL O GLYKEKPIUEVOS TOAVLOPPIGUOG ENMNPEALEL, EVOEYOUEVMOC, TOV
ateOntiko-kvnTikd NOUd e€antiog EALEIUUATIKNG VELPOUVATTUENG (LOopPOYEVEDN)
TEPLOYDV, OT®G TO PAPOWTO, TO OO0 GUUUETEYEL GTO EVPVTEPO KVKAMLLO PAOLOV-
Bacwdv yayyAlov mov ackel Eheyyo otnv TPomaAky avactoin. Emouévag, to
emkivovvo yuo ) AEIT-Y aAlqio G, etvar duvatdv vo GUVEIGPEPEL GTNV EKTTOON
™G AETovpyiog TOL OoONTIKO-KIVNTIKOU MOUoD, KOTAdEKVOOVTAG, £TG1, VoV
UNYOVICUO LEG® TOL OO0V TO GLYKEKPIUEVO YOVidlo dtapesorafel evariwmtdTnTO
Yoo TV OVATTLEN VELPOUVOTTVEINK®OY VOOT|LAT®V, OT®MG €ival 0 avTiopds, 1

oylloppéveln. Kol 1 VONTIKN  votépnor,  emmpedlovtog  KEVIPIKOVG
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EVOOQUIVOTOTTOVG TV VOGMV ALTOV oL Bpickovial 6To povomdtt LeTa&d yovidiov

KOl GUUTTOUATOV, Omwg &ivor ot emProfeic ocvvémeleg oty eotiaon 1ng

TPOGOYNC.

EminAéov, pe v moapodoa perétn amodeiytnke 0Tt 10 emikivovvo alinio G
TOV TOAVHOPPIoHOV 151229761 cuoyetiletal pe QTyOTEPN EMIOOCON GTNV YWPIKN
pvnun epyaciog. To edvpnuo ovtd cLPP®VEL, ETioNG, LE TO OTOTEAECUATO £PEVVAG
oe knock-out enipveg yuo to yovidio Foxpl, ot omoiot mopovstdlovy EAAEIUOTIKN
YOPIKN Kot un xopwkn pviun (Bacon et al. 2014). Av kot dev enefiowoe petd
dopbmon tov p Twov katd Bonferroni , mpdkertan yioo évo dpnuo. Proloyikd,
onuavtikd, kabng emPefoarmvel v vroddeon cvvelcEopdg Tov yovidiov Foxp2
o1 doUN Kot TN AEITovpYyiot EVOG ELPVTEPOV VELPMOVIKOD KLKAMOTOS, TO 07010
eLEYYEL YVOOol0KEG Aettovpyiec, dmmwg givor 1 pvnun epyaociog. Ipaypatt, 6mmg
npokOTTeEl omd ta dedouéva e PiPrloypagiag (Aboitiz & Garcia 1997), to
CUCTNO TOV VEVPOVIKOV KUKAOUATOV, TO OTOi0 GLGYETILETAL e TN YADMGOA,
omoteAel TUNUOL EVOC EVPVTEPOL VELPOVIKOD KUKAMUATOC TO OMOI0 EAEYYEL TIG
YVOOTIKEG Asttovpyieg Ko mepthapPdvel oOvOeteg GULVOEGES OVALECH GTOV
KPOTAPIKO, TO BPEYUATIKO Kol TOV LETOTLAI0 (£101KA 6TOV TpopeT®Ioio) AoBo. To
GLYKEKPIUEVO VELPOVIKO KOKAMUO GUUUETEXEL GTIV OPYAVOGCT TNG CLUTEPLPOPALG,
WG TPOG TO YPOVO KOl MG TPOG TNV AKOAOLOiD TV KIVI|CEWV, GE EMIMEDO KIVITIKOV
ocvotquatog. Emumiéov, ocvppetéyer ommv evepyd pviun epyacioc. Kotd v

eEEMEN Tov avBpomivov gldovg, pia cuvOnkm, 1 omoia aneTéAecE TO TPOGTASIO Yid
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™ Yéveon ¢ YA®ooag, ftav, Tihavotata, 0 Kabopiopog 16yvpdv GAOL0-QAOIKOV
ocvvdéoemv otov postrolandic grotd, o omoioc evioyvoe moldTponeg cvvdéoelc. H
neployn tov Wernicke, ywo mapdderypo, dounbnke mg 1o onueio ocvykAong, 6to
omoi0 Ol  OULVOECEIS  OLTEG  OMEKTNOOV  OUYKEKPIUEVEG — POVOAOYIKES
VONUOTOOOTNOEL, G OVOTUPUCTACES Kol MG Tpocdtopiopeveg €vvoleg. Ot
OUYKEKPIUEVEG  OVOTAPUCTACELS, (POVOAOYIKOD TOTOV, EMKOWVMOVOLV HE TNV
nepoy] tov Broca péow vevpovikdv ocvvdécewmv, ot omoieg dlacyilovv Ta
KOTOTEPO TUNUOTO TOV Ppeypatikod AoPov kot oynuatilovv pe tov TpoOmo avtod
éva KOKAOMO. EAEYYOL TNG HVNUNG epyaciag Yo v emeepyacia kot ) pdnon
ocuvBeTV POVNUATOV. TO GLYKEKPIUEVO VELPOVIKO KOKAMULW, TO OTTO10 TPOEKVLYE
®G OTOTEAEGUO TOV JAOIKAGIOV TNG QUVOIKNG EMAOYNG, eivar vredhBuvo yuo v
omoKTNON NG IKOVOTNTOG EKHAONOoNG Kol OmofNKELONG UVNUOVIKOV 1(VOV.
Avtiotoryetl og éva ovotua cbvleTa dounuévo, To omoio givarl 1Kavd vo yevva
TPOSPOUO GTOLYEID GUVTAKTIKNG doung Tov Adyov (ovvBetec apbpdoelc). Ommg
vrootnpiletar (Bosman et al. 2004), Aowmdv, pio amd Tig Asttovpyieg TOL YoVIdiov
Foxp2 «xoatd v €&EMEN Ttov avBpomivov &idovg, MTOv, EVOEYOUEVMS, N
OUVEICQOPE TOV OTNV TEPAUTEP®  OVATTLUEN (HEeT-eEEMEN) €VOC GLGTNUOTOG
KUTTOPOV-KOOPETT®V, TO ONOI0 apyIKA CLUUETEIXE oTN dladiKacio pipnong tov
KIVNoemV (6mmg M S10TNPNoN €VOG OVTIKEWLEVOL GTO ¥EPL) GE EMMESO KIVNTIKOD
CLGTHLOTOG. ZUUPMVO, LE TNV ava@epOUEVT] VTOBeoN, T0 Yovidlo FOXP2 cuvéPale
otV omdKINoN €vOg CLYKEKPIUEVOL POAOL TOV &V AOY® GULGTNUOTOS OTN

dwdikacio mapaywyng Adyov, pe anotélecpa To FOXP2 va cuvelspépel, ev TEAEL,
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oTNV EUEAVIoT TS TTPoPopikng opdiag. H mpdtaon avtr evioyvetor and v
avakdAoyn Tov KuTtdpov kabpentov oy mepoyn FS5 tov eykepdiov TtV
mOnkov (Rizzolatti et al. 1996), éva tufuo, mboavotata, OpOAOYO TNG TEPLOYNG
tov Broca oto avBponivo €idog (Rizzolatti et al. 1998). Evtovtoig, dev umopei vo
Oeopnbel amoéAvta Pdowun 1mn Oepyosio g amevbeiog petdPoong amd Eva
CUCTNUO  KLTTAP®V-KOOPENTAOV, O EMIMEOO KIVNTIKOV GUGTNUOTOS, GE €V
cvotnua mopay®wyng Adyov. To attiodoywkd givar m Vmoapln veELPOVOV GTIG
neployég 12 ko 45 kord Brodmann tov eyke@aiikod 16100 tov T KoV, ot 0moiot
avtomokpivovtal pe TpOmO  1oYVPO oTov  mpocAapPavopevo  Adyo  (Adyog
TPOGANYNG), EvavTl AAMOV akovoTik®V epedioudtov (Romanski et al. 2002). Ta
KOTTapo. ovtd OBeswpeitar ott avikovv (Bosman et al. 2004) oe éva cvotnpa-
KaOpEMTNC €KPOPAG AOYOV, TO OMOI0 GCULUUETEXEL O©TN  OWUOPPOON NG
CLUTEPLPOPAC MUNCE®S NG QoIS (AOY0G), kB¢ kot ot  ddikacio
oLYKPIGE®MG TOL AOYOL TPOCANYNG Kol TNG LTOKEWEVIKNG EKPOPAS TOL AOYOV.
Agdopévng TG EMKAALYNG VELPOVIKAOV KUKAMUATOV, TOL 0010, GUUUETEYOLYV TN
YADGGO Kol 6T Uvnun epyaciog, 0o propovoe va vrootnpybel dtt o1 vevbuveg
Yo T0 AOY0 TEPLOYEG AMOTEAOVY TUNUATO €EEOTKEVLONG VOGS GUOTALOTOG LUVIUNG
gpyaciog, to omoio &ivor vmevbuvo yw T pipnon kot ™ padnomn oHvOetwv
Aertovpyiov (Aboitiz & Garcia, 1997). Téco Aettovpyikd, 0G0 Kol OVOTOMIKE, TO
CUCTNUO OVTO NG UVNUNG epyacioc O100€Tel TOAAEG KOWEC TEPLOYES UE TO
cLOTNUA-KOOPETTNG ekPOpds Tov Adyov. Ta gupNuaTd ™G TOPOVGOS HEAETNG

EVIOYVOVTOL OC TPOG TN GNUAVIIKOTNTO TOVS, €AV CLVOVACTOVV HE Oedouéval
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LETOUPPUCTIKNG £PELVAG, 1) 0TTOl0, arodelkvyel 0Tt Knock-out emipveg yio. To yovidio
Foxpl mapovotdlovv duGAELTOVPYIKT Y®PIKY Kot un yopikn uvniun (Bacon et al.
2014). Ot ev MOym dvclettovpyieg givar SuvaTov va 0modoBodv o EAAEILUATO TV
CAl mopapudikdv KuTtapmv Tov mmokaumtov otovg Foxpl knock-out emipvec,
KaBmg Kol oe eEMAeippato TG TEPLOYNS TOL PAPOTOV, HE OLTIOAOYIKO TO YEYOVHG
OTL 0 WIOKOUTOG EVEXEL CNUAVTIKO POLO GTN YOPIKN UV Kot TO pafomTo GTIg
Aertovpyieg ™G LVRUNG kot ¢ pabnong. Osmpmvrog g dedopéva: Tlpmtov, oL
10 yovidto FOXpl oynuartiler etepodipepn pe to yovidlo Foxp2, pvbuilovrog
petaypoeikn dwodikacio. o€ TOAAEG TEPLOYEG TOL E€YKEPAAOL (Omm¢ &ival TO
paPdmtd), otic omoiec exppdlovtal v TaparrnAm To 60O yovidia kot kabopilovv
0 GLVEPYLDL TNV OVATTTLEN Kol TNV OPIHOVOT TOV YVOOTIKOV AEITOLPYIOV KOl
OEVTEPOV, TNV OMOOEOELYUEVT] GLOYETION TOV EAAEWUATOV TOL PaBowTtol e
maONoelg, o1 omoleg AVKOLV GTO €VPVTEPO (PACUO TOL OVTIGHOV, TOGO GTOVG
eMipvec, 660 KoL 6T0 avOpdTIvo €idog, ivar dvvatov vo vrootpilovpe OTL TaL
yoviolre Foxpl kot FOXpP2 odnyovv, SOUEGOV KOWVMV HOVOTOTIAOV, GE YVOOTIKA
eMeippata, 6mmg eival ta eAdeippoto otn (Yopikn) uviun epyosciog Ppayéog
dwotNuotog kol otn palnorn. To yeyovdg O0TL, ot pEAETn HaG, Ol POPEIC TOV
emkivouvov oAAnAiov G tov molvpopoicpov rs1229761G/C  mapovcialovv
HEIOPEVN EMBOCT OTN UVIUN EPYOCIOG GE GVYKPIOT UE TOVS OPOLVYMDTEG O TPOG
10 C aAMjA0, onuoaivel 0Tt 0 GLYKEKPIUEVOS TOAVUOPPIGUOC Ba umopovce va
Bewpnbel wg évag onuavtikdg mapdyovtag dOUnomg Kot EAEYYOL TG Agttovpyiog

TOV  ELVPVTEPOVL  VEVPWOVIKOD KUKAMUATOS HVAUNG  epyacioc/ OCLOTAUOTOG-
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KaOpéntne ekeopdg TOL AOYOL, KAOMG KAl €VOG ONUAVIIKOS YOVIOLHKOG
TOPAYOVTOC YO TN VEVPOOVATTLEN EYKEQUAK®MOV TEPLOYDV, OMMOC €lval TO

paPomTo.

Yy moapovoa Epevva amodeiydnke, emiong, Ot o1t Qopeig tov emPrapoic
aAniiov G tov vo eétaon moAvpopeiopod (Foxp2 rs1229761), eppavilovv
neplocoTePN oyLotumn okéyn. To yeyovdg ot €vag moAvUOPEIGUAS, O 0moiog
EUTAEKETAL OT OLUOPP®OT NG YADMGGAG 6ToV AvBpwmo, avéavel v oylotumia
oe Lylelc appeves Kol oG €K TovTOL Umopel va dnpovpyel gvaA®TOHTTO Yo
oyloppévela, evioyvel eumelpikd v Bswpio oo Crow. H Beswpia tov Crow
vrnootnpilel ott N YA®OGO, TO GUVOPOUO TNG OYLOPPEVEINS KOl Ol GLVOQELG
dlatapayés ocvoyetilovial pe pio. YEVETIKN TPOTOTOINGN, 1 OTOi0 JOYMPIGE TO
avOpoTIvo 100G amd to. Tponyovueva €idn, otV aAvcida g e£EMENG Ko elye
ooV  OmMOTEAEGUO TNV TAELPIKN  OLOUEPICUOTONTOINON TOV  MUoQopiwV
(lateralization). T'a va yivel Kotoavonti 1 GLGYETION TOL OMOTEAEGUOTOS TNG
pueA€ng pog pe t Bewpio tov Crow, Ba tpémetl va EekviiGov e amd TV Tapadoyn
ott n oywotvmion popaletor MOAAE KOwd omnueio e EMIMESO GULUTTOUATOV,
emonuoroyiog kot yevetikng pe v oyoepéveln. Kioaowkd mapadeiypota
CUUTTOUATOV €IVOL 01 AEYOUEVES “EKKEVIPIKES” GUUTEPIPOPES Ko OL Un Guvnoelg
eunepieg (Rossi & Daneluzzo 2002, Fisher, Mohanty, Herrington, Koven, Miller,
& Heller 2004). AmoteAéopoTo €PELVOV O©TO TMESIO 1TNG YEVETIKNG 1TNG

oxlloPpévelng VTOOEIKVOOLY, KAt TPOmO 1oyvpd, OTL M &v AOY® VOGOG
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tomobeteiton eni Tov GLVEYOVE (Continuum) g Yuy®oews Kot TEPAaPavel o
CUUTTOUATOAOYIOL TNG OAPOPA XAPOKTNPIGTIKG TNG GYLOTLANG SOTAPUYNS NG

TPOCOTIKOTNTOG.

[ToAdol epevvntég, ®OTOG0, vVmOooTnPilovy TPELS, KLPIMG, TOPAYOVIES, ®C
Bacuovg yio v cLUPOAY] TOVG GTO OlY®PIGHO ToL avBpwrivov gidovg amd Ta
Ao €idn Katd v eEEMEN: ™ YADOOW, TNV gVEVIN KO TV KAVOTNTA dOUNONG
oLVBeTOV KOWOVIKOV aAAnAemdpdocwyv. Eotidlovtag oto onuovtikd yo v
peAétn pog, o mpémetl va onpeldsovpe 0tt, 10 1997 o Crow katébece v dmoym
oTL pia yeveTikn oAlayr), m omoio €lye ocov AMOTEAEGUO TNV TAELPIOGN TOV
eykepdiov (cerebral lateralization), mpocédwoe otov dvOpwmo, apevdc, TV
KOVOTNTO. VO OVOTTUEEL TN YAMGOO KOl OQETEPOL GUVEICEPEPE OTNV TAOM

eKONAmong TG oYLoppEVELaC.

H mievpiwon tov gykepdiov odnyel oty mapaymyn pog cHvOeNS YA®GoOC,
He To aprotepd Nuceaiplo va katéyel deomolovoa Béon. H acvppetpio tov dvo
EYKEPUAKDOV MUOQUPI®V  OTOJEIKVOETOL UECH EPEVVMOV OTOV  TOUEN  TNG
avartopiog Tov Kevrpikod Nevpikov Zvomuoatog. To kpotaeko planum (planum
temporale), yio mapddetypo, €va tunpo (OTIKNG GNUAGIOG Yio TV KOTOVON G TNG
YADGGOG, £Yel  UEYOADTEPT YOPIKN TPOEKTOON OTO OPIOTEPO  MUIGPAIPLO
(Breedlove, Watson, & Rosenzweig 2010). H acvupetpio tov dvo nuiceaipiov
dlapaiveTar amd 1o Yeyovoc, Ot 0 EAeYY0G OOTAGEMV TNG YAMOOOS O TPOG TO

Y®PO, £dpdletal 6To deE10 NUGPAIPLO, EVED 0 EAEYYOC TOV GTOXEIWV NG YADGGOG
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®¢ TPO¢ ToV Xpovo tomobeteitan 6To aplotepd Mueeaipto (Breedlove et al. 2010).
H emkowovia petald tov 600 eyKePAAMK®OV MUIGEAPIOY KOl 1] EXTKPATNOT TOV
eVOG HE TNV OAOKANP®ON NG AVATTLENG, amoTeAoVv, emiong, 000 Kaipieg
TOPOUETPOVE GE Agltovpyies, Omwg eivar o kwntikdg éreyyos. H emitaén, yw
TOPAOELYU, TAELPIOONG TOV NUICEUPIOV dloKPIVETOL GTNV TAGN YPNONG TOV
de&10V 1] TOL APLETEPOV XEPLOV UECH EVOS EVPEMS PACUOTOG KIVI|CEWV, T Omoid

EAEYYETAL YEVETIKA KOl 0OTEAET OgikTn TAELPI®ONG,

O Crow vmobétel 6Tt KAmolo avamtuélokd EAAELUNO, TO OTOI0 AVTOVOKAATOL
oTNV TAELPI®OT TOV dVO0 MUoEUPI®Y, EVOEXETOL VO GUVEIGPEPEL GTNV EUPAVIOT
TV Oetikov ovuntopdtov g oxlloppévelag (Crow 2000). TToAlol maoyovieg
amd TN vOco avopépovy mapadolec eumelpiec, ol omoieg ocvoyetilovial pe TIg
okéYELS TOVG. Mia ek TV gumelpldV, givor 0 EAEYY0G TNG OKEYNG OO KATOLOV
eEwyevn mopdyovia. H eldelppotikny emkpdnon tov apiotepod MUIo@opiov
évavtt Tov 0eflo0 pmopel vo. GLVEIGEPEPEL oIV amd TO OPLOTEPO MUSPAIPLO
TPOGANYT TOV OKEYEWMV, Ol OTOIEG YEVAOVTAL 6TO 510 NUSPAiplo. ATOPPOLD. TOL
QovoUEVOL avToV, amotehel 0 oTPEPAOG TPOMOG AVTIANYNG TOV OKEYE®V, Ol
omoiec  exAauPdvovior ¢ mpogpydueveg  omd  TPOGOoplloOuEVOLS 1)
anpoodloplotong  eEwyevelg mapdyovteg. H - eldeypotikn, emmpocHitmd,
wKavOTNTA SLAKPIONG OKEYNG Kol OAiog umopel vor €xel G OMOTEAEGUO TNV
avtiinyn tev okéyeov ¢ “‘mo”’ g g m™c okéymc (Crow 2000).

XopoKInploTikd mTopaderylo amoTeA0VV Ol OKOVGTIKEG YeVdUIGONoELS, Ol omoieg
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KATOypAQovTal ¢ va amd tao Kopta, katd DSM-V, d10yvootikd copuntdpota tng
vooov g oylloppévelag Kot ivor SuVUTOV VoL TPOKLYOLV HEG® TNG TPOGANYNG
VELPOVIK®OV ONUdtov omd Tto 0eSl0 MUoeaiplo, TOVTILOPEVEG HE OUIMO
wpogpyduevn amd 10 emtepikd mepiPdAiov. Q¢ ek ToHTOVL, M EVTLIMOTN TOL
OLLOPPMOVEL 0 TAGYOVTOC €lvol OTL Ol OKEWYELS TOL TPOEPYOVIOL OO “QMVEC”
(Crow 2000). H emkpdatmon ovppetpiog (Kot Oyt acvppetpiog) petald tav 600
Nuoeapiov, 1 omoia cuverdyetol EAAEIUUA SIOKPIONG AVAIESO GTN GKEWYT] Kot
TNV ToPpoyOUEVT O, ivat OLVATOV VO OLTIOAOYEL TNV OVOTEP® YOPOKTNPIGTIKY

CUUTTOUATOAOYIO TG VOGOV.

H Bewpia tov Crow vrmootnpileton amd mowkilo epguvnTikd dedouéva oe
EMIMEDO XVUMEPLPOPIKO, G€ eMimedo AEITOVPYIKNG ATEIKOVIONG TOV EYKEPAAOV,
kaBmg Ko o€ emimedo ['eveTikng, mopd TIC TPOGUETPOVUEVES OOVVOIES, Ol OTTolEg
EPOPUOVVTAL OO TO YEYOVOC OTL 1 YADGGO O&V TPOEKLYE PVIOIOC ™G

YOPAKTNPIOTIKO, aAAd pe Tpdmo Pabuiaio.

e Zoumeplpopikd eminedo, pia épevvo tov Asal, Sugimori, & Tanno (2009)
anédelte Oti, dropo pe woyvupn thom oyotvmiog, epeaviCovv  pKpOTEPM
TAeLpiOoN ®G TPOG TOV KIVNTIKO EAEYXO Kot TNV EMEEEPYNTIN EVVOLDVY, YEYOVOGS
mov evioyvel ™ Bewpio Tov Crow yio ™ oloPpEveln Kot TNV MUCQOIPIKN

mAgvpimon.

Xe eninedo Ag1tovpykng AmekoOvions, avaroyn épevva anédelse 0Tl acheveig

pe oyoppévelo mopovcsldlovy onUAVTIKA KpOTEPN TAELpiwoN OTIG OVO
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neployég eAEyxov ¢ YAwoaoog, Broca koau Wernicke, e olykpion pe to detypo

eLEYYOL, OQEIAOUEVT GE PEYOADTEPN EVEPYOTTOINGT) TOL 0100 NUIGPALPIOL.

H Bewpia Tov Crow emiPefoidvetar, emmpocitmwg, amd dedopéva o€ enimedo
Ievetiknc. Avolvtikdtepa, pio épgvve tov Tolosa, Sanjuan, Dagnall, Molto,
Herrero, De Frutos, to étoc 2010, anédeie 6t 10 FOXp2 eppaviler peyordtepa
emineda £KQpaons 610 0e€10 NUGEAIPLO GE ATOUA TOL TAGYOLV OO TO GHVOPOLO
mg oywoppévelag. H 101 épeguva amédelle, emmAéov, ONUAVTIKY] GLGYETION
avAPESH GE TOALUOPPIGHOVG Tov FOXP2 kol oe ehdeippoto ™G YADOGGOS o€
acBeveig pe oyloppévela. [apd 1o yeyovog, 6ti 10 yovidio Tov FOXp2 dev eivar to
poévo to omolo CLVEIGEEPEL OTN OOUNOT NG YADGGOG KOl OTN YEVEST NG
oylloppévelag, ivat EVIONTOIS EUPAVES OTL GUUPAALEL OLGLUGTIKG GTNV AVATTLEN
NG YAWGGIKNG KAVOTNTOG KOl TOPEAANAQ GTNV ELOAMTOTNTA Y10 TNV EKONAMON

™G VOGOV NG GY1LOPPEVELNG.

‘Eva obvoro, Aowmdv, €peuvdV TPOCEOEPEL OVOUPIGPNTNTO [0 SUVOULKT
vrootpiEn ot Bewpio Tov Crow, Bacetl ¢ omoiag n oyloepévelo eEgliyOnke,
EMKPATNGE KOlU «OLVINPEITO ®G TO ONMOTEAEGUO TNG VYNANG TAELPIKNG
SLOUEPIGHOTOTOINGNG TOV AVOPAOTIVOL EYKEPAAOV, O OTOT0G £XEL TNV KAVOTNTO VOl

napdyet ophion (Asai et al. 2009, Bleich-Cohen et al. 2009, Tolosa et al. 2010).

H mapovca gpevvntikn perétn Oo pmopodoe vo AEITOVPYNGEL EMEKTATIKA KO
CUUTANPOUOTIKE ¢ TPOS TIC TPONYOVUEVEG £PEVVEC, Ol OMOIES, OE EMIMESO

YEVETIKNG KOl LOMOTO HE AVTIKEILEVO HEAETNG TO Yovidlo FOXP2, amotehovv €va
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vtoPabdpo vroompiEng g Bewpiag tov Crow. Agdopévov 6Tl 01 QOpPElG TOV
aAniiov G tov moAvpopeicpod Foxp2 rs1229761 mapovcidlovv peyaAvtepn
oywlotumio Kot dedOUEVOL OTL M GYLOTVTIA OVIIKEL GTO GULVEYES TNG YOY®ONG, M
napovcio Tov emkivovvov yio AEIT-Y aAiniiov G, Ba umopodce va cuoyetiletal
ue pelouévn mievpioon tov eykepolkdv muioeopiov (lateralization), pe
avénuévn ékepaon tov yovidiov FOXP2 oto 0e€10 muoeaiplo, Kabmg Kol pe
avénuévn evepyomoinon tov nAloeoipiov avtov. Avtifétmg, n opolvywtios ®G
npog 10 aAnio C (CC) ywo tov moivpopeicpd Foxp2 rs1229761, Oa pumopovoe
vo cuvoéetal e opoAr] TAevpioon Tov 000 NUGEUIPIOY Kol WG €K TOVTOV, UE

HELOUEV ] UNOEVIKT EKONA®OT) TN Yo oyloTumia.

To cvumepdopato oTE avadelkvoovy TV entppon tov yovidiov FOXP2 eri
NG AglTovpyiog Tov avOpOTIVOL £YKEPAAOV Kol LOG 00N YOOV 6TV LLOHEGN OTL TO
ev AOY® yovidlo Ba umopovce vo Exel KOUPKO pOLO GTNV TPOKANGT EAAEUUATOV
o€ Koiplovg evooPaivoTOTovS, Onwg ival o aiohntikokvnTikdg UGS, 1 pvnun
epyaoiag, kot 1 okéyn. Ilpoxertar yioo eAASipUpOTO KOO GE GUYKEKPUUEVEC
Nevpoavartvélokés Awtapoyés, omwg eivar n AEI-Y, n Zylloppévela Kot o

Avtiopog.
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I'. Tpitn llswpopotikny Merétn

H ermidopaon tov molvpopeiopov rs4680Val/Met tov yovidiov
COMT o1mn 7yevikn] Kol €mTEMKI  A€lTOovpyio KOu TNV
TPOTUANLKT OVOGTOAN GE VYLIEIS APPEVES.

1. Ewoyoyn

To évlopo wateyOA-O-pebOA-tpavepepdon (COMT) amoterel 10 KOpLO
KATOBOAMKO HOVOTATL HEC® TOL OMOIOL OMOPOKPOVETOL 1 VTOmouivy omd TO
LEGOGLVOTTIKO YMPO OTO VELPIKE KOTTOPO TOL EYKEPAAKOD 10TOV, GTO
avOpomvo eidoc (Karoum et al. 1994). To COMT évlvuo Ppioketar 6 LYNAEG
OLYKEVTIPMOGEILS OTOV TMPOUETONINMO QAOL0 Kol GTOV IMAOKOUTO, omd Omov
amovoldlel 0 AETOVPYIKOC peTapopéag ¢ vromapivng (Mazei et al. 2002,
Matsumoto et al. 2003). O Vall58Met moivpoppicpodg oto yovidio g COMT
odnyel oty aAlayn &vog apvo&éog [Parivn, valine (Val) oe pebeovivn,
methionine (Met)] ka1 €yel cov amotélecpa opdlvya dtopa yio. o Met adAniAtlo va,
&yovv Kot 40% Ayotepn eviupatikn OpacTnPlOTNTA GE OYECTN HE TOVG
opoluydtec og mpog to Val addnito (Val/Val) (Chen et al. 2004). Yrapyet woyvpn
mAéov évoelgn (avaokdnmon: Harrison & Weinberger 2005, Tunbridge et al. 2006)
otL to Met158 aAAnio cvoyetiletal Pe OMOTEAEGUATIKOTEPT] EMIOOCT GE E1OIKEG

VEVPOYLYOAOYIKEG  OOKIHOGiEG, Ol omoiec HEAETOVV EMTEAMKEG AglTovPYiEg
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(executive functions), kaBm¢ kal pe TN PLGLOAOYIOL TOL TPOUETMOTLOIOL PAOLOV,
OT®C AT OAMICTOVETUL LECH TNG AEITOVPYIKNG VEVpooamelkdvions. H dpdon g
VIOTAUIVIG GTOV TPOUETOMIOL0 QA0 apopd otV evioyvon g e£ElOIKEVUEVIC
HETAO00NG TOV ONUATOG Kol ©Tn otofepomoinon g OpacTNPOTNTAS TOV
TPOUETOTIAIOV VEVPOVIKOV SIKTO®MV KOTE TNV EKTEAECT] EMTEMKDOV OlEPYUCLOV.
Avtd gmituyydveton pe peimon tov tpopeTomiaiov Bopvfov kal evioyvon, ©¢ ek
TOVTOV, TNG TPOUETMOMLOING VELPOPVGIOAOYIKNG amoterespotikotntog (Cools et al.

2002, Mattay et al. 2002, 2003).

Emuthéov, n avénuévn dpaoctnpromra tov eviopov COMT otov mpopetomiaio
oot (PFC), ommg kabopiletar amd 1o Vallb8 aidnio, kot katd cvvémeln M
napovcion  youniotepov emmédwv  vromouiving (DA) otov  mpouetomiaio,
ovoyetileton pe avénuévn peceyke@oAkn ovvBeon vtomapivng AOy® g

drapopdg tovikdtntag (eacikn dtapopd) (Meyer-Lindenberg et al. 2005).

Xoppova pe ™ Bewpia TG ONUAVTIKOTNTOS TOV 0o TIKOKIVNTIKOL NOLOV
ot avOpamiveg yvootikég Asttovpyiec (Geyer et al. 1990) ko Baocilouevor g
VEVPOOTEIKOVIOTIKO EVPNUOTA, TO €Pyootnpld pog €xel amodeifel, Katd To
naperov, O6tt vynia emineda IMIIA ocvoyetilovronr pe kaAvtepn emidoomn o€
JOKIIAGIES, 01 Omoieg EEAPTMOVTOL OO TNV OKEPOLOTNTO KOl OMTOTEAEGLATIKOTITO
™m¢ mpouetomaiog Asttovpyiag (Bitsios & Giakoumaki 2005, Bitsios et al. 2006,

Giakoumaki et al. 2006).
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Koatd v tpitn epevvnticn perétn eléyydnke o moAvpopeiopog rs4680 tov tov
yovidiov COMT, o omolog £xel evoyomomBei yw T voco g oyloppévelag.
X10x0¢ Mrav M emoAnbevom, o€ peyoAbtepo delypo  atoumv, NG Mom
OmOOEOELYIEVG OO TO €PYOOTNPLO HOG, EMIOPACNC  TOV  GUYKEKPUYLEVOL
TOAVHOPPIOUOD GTOVG EVOLALEGOVS PALVOTOTTOVS TTOV ALPOPOVV GTH AELTOVPYI TOV
atsOntikokivntikod nuov (Aertovpyio Gating) kot ot yYvOOTIKY Agttovpyio
(cognitive) (Giakoumaki et al. 2008). Ot ev A0y @oawvotumol gpeoavilovior mg

dVOAEOTLPYIKOL GE TAGYOVTEG amd GYLLOPPEVELD.

2. M£0ooor

2.1 Xvppetéyovreg otn peAETn

829 véol appeveg otpatoroynONKoV amd T0 TPOTO KOUO TOV GLUUETEXOVIMV

g xooptng LOGOS (Learning On Genetics Of Schizophrenia Spectrum).

2.2 Tovotomui] Avdivon

Eni tov delypatog o1eé&nydn mpoomtikny yovotumiky, ovdAvon (prospecting

genotyping) am6 tv K-Biosciences, ave£aptnto amd Tn QOovOTULTIKY ovAAVGN.
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Ot Xoppetéyovrec opodomomdnkay GOUEMVO, e TO YOVOTLTO TOVS GTIC AKOAOVOEC

tpeig katnyopies: Val/Val (n=235), Val/Met (n=424), Met/Met (n=170).

2.3 Nevpoyvootikn Extipnon

AtevepynOnke mOCOTIKOTOINGT EVOIIUEC®Y POVOTOTOV HECH TNG XOPNYNONGS
Nevpoyvyoroyikdv kot  Nevpouololoyikav  ookipaciov. [Ipoketor o
EVOOQALVOTUTOVS, Ol OTOi0l AMOTEAOVV KEVIPIKOVS OyvmoTikoVs Ogikteg o€
vevpoavantuélokes olatapayés, Ommg eivar 1 oyloppévela kot n Atatopoyn

EMeyppatikng mpocoyng — Yrepkwvnrikotroag (AEIL-Y).

Onwc avaeéphnke Kol oV €160YMOYN TOV TAPOVCOC TEPUUATIKNG UEAETNG,
OTOVC EVOLAUEGOVG aLTOVS (OLVOTOTTOVS, Ol ONOoioL EKTIUNONKOV TOCOTIKA,
ovyKataAgyovtol o aisOntikokivnTikdg nudc | dmbnon (Sensorimotor Gating)

Kot 1 yvootikn Asttovpyia (Neurocognition).

I. AveOnTikoxivnTikog HOpoG:

H Aertovpyio tov aucOnticokivntikov nOpod eAéyyOnke pe tv TPOTOAUIKY|
OVOGTOAY] TOL OKOUGTIKOD OVTOVOKAACTIKOD OlQVIOOGHOD, OTMG Kol OTIG

TPONYOLUEVEG LEAETEG Ko TEPLYpAPETOL avolvTikd 610 Kepdiato «ME@OAO]».
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IL. I'vooTtikn Agrtovpyia:

To vrokeipevo vroPAndnkov oTig 101€C JOKIUAGIEG EMTEMKDOV AEITOLPYLDOV,
OmMG KoL oTIg ponyovpeveg pedétec. H Aemtopepng meprypapn tov &v Ady®

dokipactov tapatifeton oto Kepdiaio <k ME®OAOI.

2.4 X10TI0TIKEG OVOADOELS YOVOTUTTIKAOV OOV

["a Adyoug peimwong tov dedopévav e taStvounuéveg netaAntég, vroaiope
TG YVOOTIKEG PeTAPANTEG ékPaong amd TIG VEVPOWYLYOAOYIKEG OOKILACIES OE
avaAivon kopiwv cuvietowodv - Principal Components Analysis kot v cuvtopio
PCA. Xuvolikd, ocvumepleAnednoav omv avaivon 22 Pacikés YVOOTIKEC
petaPAntég ékPaong ko e&nydnoav 9 dwaoctdoelg mov e&nyovv to 77.64% g
oLVOMKNG OakOpavons. Ot ev Adym mapdyovteg eivor OHOlOl TOWOTIKGL Kol
TOGOTIKA e EKEIVOVG, 01 00101 TPOEKVYAV OTTO TNV EQAPLOYN TNG 110G OVAALGNG
KaTQ TV TPAOTN HEAETN. Avoeopikd pe v PCA, ypnowonomnke n puébodog
nePoTPOoPNG Varimax kot £ywvav dektég ouviotmoeg e Eigenvalues >1 ko factor
loadings >0.5.

[Tpokepévou va emrevydei n d10pOwon Yo ToALaTAESG dokpacieg (testing) Ko
va pewwbel n mbavoétnto cedipatog tomov I, ot p Tég Sopbddnkav Kotd
Bonferroni post hoc tests, diapdvroc to 0,05 pe to 9 [apOudc Tov cvykpicemv

nov epappootnkav: 9 PCA dactdoelc ékpaong kot deiktng vonuoovvne  (1Q)].
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Q¢ ek T0UTOV, Ol EMOPACEIS TV YOVOTLTIKAOV Opddwv emi twv gvvéo PCA
dotdoewv Kol Tov Ogiktn vonuoovving pe p tég < 0.005 (dropbompéveg xatd
Bonferroni, 0.05/9 = 0,0056) OempoHvTol GTATIOTIKA GNUAVTIKESG, EVGD LE P TIHES <
0.05 avoeépovior UOVO ®C «ITPOTEWVOUEVIG CMNUOVTIKOTNTOC) Y10 UEAAOVTIKEG

HEeAETEC.

Emuthéov, vmoAoyiotnke m 1oyxVs, Poaciopévn oe €vo mpocBetikd HOVTEAO
KAnpovoukomrag (additive model of inheritance). To eninedo onuoviikdTTOg
opiotnke og o = 0,005 kot 0 ELeyyog ™S (UNdevikng) vrdBeong Mtav dimievpog (2-
sided). T'o deiypa 829 vmokewévov (N = 829) kot cuyvotnTo TOL EAGGGOVOG
aAAnAiov (MAF) 46.1 %, éyovpe 80% Ttng 10y00C 7OV OTOLTEITOL YiOL TNV

aviyvevon moAld Kkpdv endpdoewv ¢ tdEews Tov 0,2 (Cohen’s d =0.2).

Ta dedopéva ¢ enl To1G €KOTO TPOTOAMKNG avaoToAng (%), avaidbnkav pe
pewtod tomov 3X2X3 avaivomn ¢ SkLUAVONS (YovoTtumog eml mPOToANd €ml

HUEGOOIAGTN L0 TPOTTOALOV-TTAALLOD).

3. Amoterléopora

Onwg, dmot@vovpe amd TV SUOPPMOOT] TOV YOVOTUTIKMOV KOTOVOU®DV

(Val/val: 235, Val/Met: 424, Met/Met: 170), n ocvyvotnto tov aAiniiov Val
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avtiotoyovce oe 894 vrokeipeva Kot Tov aAiniiov Met oe 764 vroxeipeva, pe

ovyvoTTO TOV EAdocovog arAniiov (MAF) 46.1%.

H yovotumiky katavoun wkavomolovee Tig mpocsdokieg kotd Hardy - Weinberg
(p>0.1). 'Htowv, oniadn, oopuewvn ue v e€icwon tov Hardy — Weinberg, yopig
va mopatnpeitol andKALon and v 16opponia, tnv omoia kabopilovv Kot to 6p1lo

¢ omoiog Oécape oe p = 0.5.

Agv vanpyxav ONUAVTIKES O0POPES HETAED TOV TPLOV YOVOTLTIKAOV OUAO®V
AVOQOPIKE LLE TIC TEPICCOTEPES ONUOYPUPIKES HETAPANTES, OTT®OG O apBudg TV
KOTTVIOTAOV TPOG TOVG LN KOTVIGTEG, 1 (PNOT TOLYApwV ova nuépa Ko 11 d1dbeon
TOV VTOKEWEVOV ®OC TPOG TO cLVOICONUO TOL AYYOoLS KOl TNV KATACTOOM
dvoapéokeloc. EEaipeon, wotdco, anctélecav ol petafAntég g nAkiog Kot g
ekmaidevonc o€ £, KOOMDC Kot 1 KATAGTACT) EYPYOPONS TOV GUUUETEXOVTOV TNV
NUEPA NG XOPNYNONS TV JOKILUACUDY, Ol OTOIES EUPAVIGOV OPLOKTN dlopopd

HETOED TV YovoTumik®v opadwv (Iivaxag 1).

I'vootikéc Agrtovpyiec

To oynua 1 mapovstalel ) GLOYXETION TOV TPLOV YOVOTLTIK®Y OUAd®Y TOV
nolvpopeiopod COMT rs4680 pe to 1Q, xabdg wor pe tovg evvéa PCA

napdyovteg (0e0teEPO TUNHO TOL oyNpatog). Ot popeic Tov emikivovvov aAiniiov
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Val tov moAvpop@icpod 154680 gupdvicay onuavtika younidtepo I1Q wot
TOPOVCIOcOY  OTOYOTEPT €MIOOCT, OV IKOVOTNTA  GYEOoUOD  emiAvong
TpoPfANUaT®V U cuvalcOnuatikod yapaktipa (EAvcav, OnAadn, cwctd AryoTtepa
TPOPA LT, OVOADVOVTOG TEPIGGOTEPO YPOVO CKEYNG Y10 TOV GYESAUGUO TOVG)
Kot peyolvtepn téon didonaonc e npocoyns (P < 0.005), e chykpion pe tovg

opoluydteg og mpog to Met adAnio.

Ta amoteAéopato avtd 0ev TPOTOTOMONKAV HETA TNV GUVOIOKVUAVOT UE TIG
napopuéTpoug nhkio, ekmaidevon kot cvvnleleg Koamviopatoc. Evd, mpémer va
onuewwdel ott 10 potifo TV amotelecudtmv 0gv delyvel o coen Kol otabepn
docoelaptmpevn enidpaon tov emkivouvov alinAiov Val otig tpeic yovotumikég

OUAOES.

Ilpomai ik AvocToA]

Ta gvpruata g Tpomaipiknig AvactoAng yopokmpilovior g onUavTiKd,
Omwg amédele 1M AVOALON TOLG CUUPOVO HE TO VTOAEUWTOUEVO HOVTEAO
KAnpovoutkdmrag (popeic tov emikivovvov Val oliniiov évovit tov Met

opoluymTdV).

AVOALTIKOTEPA, TPOEKLYOV TO AVOUEVOUEVA KVPLOL OTOTEAEGLATO (OC TTPOG TNV

évtaon tov mpomaApov [F (1,681)=665.1, p tun <0.001] ko ToL YpOVIKOD
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HEGO0GTHLATOC TPOTaApOV-taApov [F (2,1362)=535.7, p tiun <0.001], ta omoia
Oempoiviol ®C OTOTIOTIKO ONUOVTIKA. XNUOVTIKY, €miong, MNTov Kot M
aAnAemidpaon Tpomaion X pecodaotuatog [F (2,1362)=71.8, p tiunq <0.001].
AvtiBétwg, mn  KOplo.  emidpacr TNG YOVOTLMIKNG OMAdog Kot 1M 3-way
aAlniemidpaon dev amodeiydnkov a&leg otatiotikng onuaviikomrag (F<1). H
EMIOPOOT], CUYKEKPILEVA, TNG YOVOTLTIKNG OLLAO0G EML TOV TPOTAALOV OV KpiOnKe
otatioTikd onuovtiky (P T >0.3), evd . aAAnienidpacn HECOSACTANATOS X
YOVOTUTIKNG Oopadog oa&loroyndnke ¢ mpotevopevng onuavtikomrog [F
(2.1362)=2.5, p tyun <0.05], kobmg 0 PabudS oNUAVTIKOTNTOS dEV TANPOVCE TO

avtioToryo mpoKaboplGIEVO KPLTNPLO.

Onwg dakpivetal 6to oyfua 3, ot @opeig Tov emikivovvov aiiniiov Val
TOPOVCIOCOV  YOUNAOTEPO  EMIMESO TMPOMOAMKNG  OVOCTOANG HOVO  GTO
puecodtdotnuo HETAED TPOTOAUOV-TOALOD TV 60MS Kol GTIC dVO0 TEPUTTMOCELS
YOPNYOUUEV®V TPOTOAU®V €vtaong tov 75 ko 85 db, oe ovykpion pe tovg

opoluydteg wg mpog to Met adAiniio.

Ta avotépo arnoteléopota (oynua 3) dev petafAndnkov dtav n nikio, ta £t
ekmaidevong kot ot &€l TG YPNONG KAMVOL T®V GULUUETEXOVTOV (aplOpog

TOYAPOV OvA NUEPD) GVUTEPLEANPONCAY G CLVIETOPANTEG GTO LOVTELO.

To Pacikd aviavakiactikd aipvidtacuov (baseline startle) oev tav onuavtikd
SaPopeTIKd HETOED TMV TPLOV YovoTumikdv ouddwv (Kruskal-Wallis x2= 4.3, p

Tiun > 0.1).
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Mivakag 1. Anupoypoaeikd yopoktnplotikd (mAwkio, exmaidevon oe €11) Kot GANEG
petafAntég (Kamviotés / pn kamvioTtés, ocuvnbeleg Komvicpatog, tpéyovca dtdbeon), ta

omoio. aglohoynOnkav Katd TV d1dpKELD TS EEETAONG TMOV YOVOTLTIKOV OUAOMV.

Opado. Val/Val Val/Met Met/Met P
(n=235) (n=424) (n=170)

Hhuio (étn)" 22.7+4.0 22.5+3.7 22.0+3.8 >0.06
Exnaidevon (6mn)" 14.9+2.6 14.842.5 14.5+2.7 >0.06
Konviotéc/Mn Kanviotéc” 105/130 186/238 69/101 >0.7
Konvietéc: Toty.muépa * 16.2+8.4 16.0+7.9 16.4+9.1 >0.9
VAS Ayyog’ 2.32+1.8 2.27+1.7 2.41+15 >0.3
VAS Eypiyopon * 4.88+1.0 5.09+1.0 4.94+1.0 >0.06
VAS Avcopéoketa 2.09+1.3 1.97+1.3 2.12+£1.2 >0.9

! Mn-nopapetpuchi Kruskal-Wallis avéivon (un kavovikh kotavopr), 2 X2 ovykpion
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Yyqpoe 1: IQ ko PCA mapdyovteg (Saotdoels) otig Tpelg yovotumikég opdades. Ov pdfdot
AVTITPOSOTEVOLY TO TUTIKO GPAAUA ToV pEcov dpov (S.E.M.). *p <0.05, ** $p<0.01, petd anod
post hoc Mann-Whitney teot.
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Figure 3: To eni 1015 €Kk0TO TOGOGTO NG TPOMAAMUKNG avactoAns (%PPl) g mpog Tig 800
YOVOTUTIKEG OUAdEG omoTeAovpeveg amd tovg eopeig Val ko omd tovg opolvymteg Met. Ot
PAapooL aVamaPIGTOVY TO TLTIKO CEAALN TOVv PEGov Opov (S.E.M.). ot popeig tov emikivouvov
aAAniiov Val giyov vymiotepa eminedo mpomoipikng avactorng (PPI) ya to pecodidotnua tmv
60 msec oe ovykplon pe tovg Met opoluydtec. H dapopd €ivarl GTOTIGTIKG GMUOVTIKY Kot
empPepfordveror omd TV KO OAANAETIOPOCT) YOVOTLTIKNAG OUAO0G €Ml UEGOSIOCTNUATOSG
(p<0.05), kobdg kot amd ta post hoc teot,0Ald dev mAnpei a priori o kprTtNPd pog Yo
GTOTIOTIKY] OTULOVTIKOTNTO.
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5. Xvinmon

H ovykekpévn perétn amotelel v €MEKTOCT EPELVNTIKOV GTOYWOV TOV
gpyaotmpiov Ilepopatikng Yoyomaboroyiag wor Ievetwkng Poylatpiknig
avaQopikd pe TNV emidpacn tov molvpopeiopov COMT rs4680 emi twv
YVOOTIKAOV AEITOVPYIOV KOl TNG TPOTAAUIKTG OVOGTOANG TOV OVTOVOKANGTIKOV

OLPVIOLOGLOV GE U0, LEYAAT] OUASO VYLDV OPPEVOV.

Ov @opeic tov emkivovvov ariniiov Val epgdvicav youniotepo deiktn
vonpoouvng, upe tovg etepolvydtec Val/Met vo mopovsidlovy GTOTIGTIKA
ONUOVTIKY dopopd 6€ GOYKPIoN He TOLG opoluymteg o¢ mpog to Met aiinito.
EmnpocOétmg, ot popeic tov Val aiiniiov ekdAmcov HEI@UEVT TKAVOTNTO OTNV
eMTLYN EMiAVOT TPOPANUATOV U cUVAICONUATIKOD YOTAKTNP, KAODS Kol GTOV
YPOVO TOV OTTOLTELTOL Y10 TOV OYESOGHO TG EMIAVONG TOVG o€ oyéon pe Toug Met
opoluymteg, 0mm¢ domictd®bnke amd ™ dokipacio Stockings of Cambridge g
CANTAB. Ocov a@opd TV KavOTNTA TOPOTETAUEVNC ECTINONG TNG TPOGOYNG,
damotodnke 611 or popeig tov emPrafovg Val aiiniiov euedvicav, emiong,

peyoivtepn S140TaoN TG TPOGOYNG.

Agdopévov 0Tl 01 YVOOTIKOD TUTOV ALTEG AlTovpyieg (oXEOACUOS emiAvoNG
TPOPANUATOV Kot KOVOTNTO TOPATETOUEVNG ECTINGTG TPOGOYNG) £E0PTMOVTAL 0T

™V axkepaldTTd Tov peTOTIaiov Aofod (Owen et al. 1990, Newman et al. 2003)
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Kol ovoyetiCovtal pe Aertovpylkd €Aeyyo amd Tn poywoio Kot TNV TAELPIKN,
Kupimg, empaveia tov (Damasio 1994), kotaAryovue oto cvumépooua OTL TO
emkivovvo oo Val ocvoyetietar pe Ayotepo 0mOSOTIKY] TPOUETMMTLOHN

Aettovpyia.

Bdoel tov anotelespudtov g HEAETNG HOG, TPOKVMTEL, EMIONG, OTL OL POPElg
tov emProPovg ariniiov Val, mapovsialovv onuavTiKd vIToAewmopevo emimedo
TPOTOALKNG OVOGTOAG HOVO GTO YPOVIKO pesooldotnuo tov 60msec petald
TPOTOALOD — TOALOV LE YOPNYOVUEVOLS TTpoTaAoVg Eviaong 75dB kot 85 dB oe
obyKplon pe ™ yovotumikn opdda Met/Met. H mpomodiikr] ovaoToAn amoTundvel
TNV TOL0TNTO TOL oeOnTiKo-Kivntikoh MOpov 1M oentikokivynTikng omdnong.
Exoepalel, onladn, tn Aettovpyio €vOC KEVIPIKOV UNYOVIGHOV “‘Sensorimotor
gating”, o omoioc eumodiler MV €ic0d0 SOCTACTIKOV  A1GONTNPLOKOY
TANPOPOPIOV (OTwG eivar 0 SVVATOC TOAUOC) OE TOAD TPMIUO GTASIL NG
eneEepyacioc tovg and 10 KNZ, éto1 ®ote | mpocoyn vo umopei eotiachel oe
GAAQ. TTO CMUOVTIKE GNUOTO TOL TPOEPYOVTAL amd T0 TEPIPAALOV (Omwg givar o
npomoipog)(Braff et al. 1978, Braff & Geyer 1990). To gating, Aowmdv, givor pio
OTOLYEWDONG depyacio yio TV mpootacia g emeCepyaciog mANPoeoptdV amd
adtdpopa  gpebdiopota, €101 OOTE M TPOCOYN VO UTOpEl Vo €0TIOOTEL OF

epebiopara, To omoia peTAPEPOLY TANPOPOPIa.

H oyiloppévela yapaxtnpiletor omd EAAEWUUATIKY TPOTOALUIKT] OVOGTOAN KOt

®C €K TOOTOV amd EAAEUPOTIKO aicOnTiKo-KivnTikd nOud M Asrtovpyio. Gating
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(Kumari 2000). Ex\még gating mpoPAémet 0t 1 Tpocoyr Bo vepopT®VETIL OO
epebiopata kot B0pvfo, pe oamotédespo T SACTOCN TNG TPOGOYNS KOl TN
GLVETOKOALOVON EKTTOON TOV YVOGTIKAOV AEITOVPYLAOV, T 0010 GLUPAALOVY GTNV
avadvon Tov countopdtov g oyxlloppevikng datapoyns (Braff et al. 1978,
Braff & Geyer 1990). Enouévmg, 1 Bswpia mpofrénet 6Tt ehdeiupotikd gating,
omwg 1o petpape pe to PPl Ba ocvoyertiCeton pe eAdepupatikn emeéepyoacio
minpopopidv. Ilpdypatt, 6nmg £6e1&e TPOTO TO EPYAGTIPLO TOL K. MTitG1ov Ko
ermavéraPav kot dAla, 6000 mo KoAO eival to PPl, 1060 mo koAn eivor kot m
Aertovpyio tOv  TPopETOMAIOL A0V, OM®G TNV UETPAUE pPE  EOIKEG

VELPOYVYOAOYIKEG OOKIUOGTES.

Meléteg oe emipvec deiyvouv 0tL 10 PPI, evd drapecolapeitoanr 010 KOTOTEPO
lEpapyKd  emimedo  TOL  PECEYKEQAAOL-YEQULPOC,  emmpedleTor  amd TN
OPACTNPLOTNTO EVOG LEPAPYIKA OVATEPOL LETOTLOLOV-PUPIOTOV-wYPO-Oadopkon
KukAduotog  (Swerdlow 1991, 2001), 1o omoio ovoyertiCetow pe TV
nafoeucioroyia TG oyloppéveloc. e TehKT, OnNAad1], avdivon 1 dpacTnpLoTnTO
1OV 10100 KLKADOUATOG GLUPBAAAEL TOGO otV TaBopuctoloyia g vosov, 660 Kot
oto eAleypatikd PPl To xikdopo avtd emPefoiwbnke Ko oe avOp®TOVG TOL
vroPfaiiovtav oe éheyyo tov PPl pe mopdAinin xoatoypoaery fMRI, o6mov
napatnpnOnke dpactnpomTa otig aviiotoryes meployés (Hazlett et al. 1998,
Kumari et al. 2003, 2007). H Beopntiki Ta0tion tng GpTiog AETOVPYioG TOL

aoOnTiko-Kvntikod NOpod pe BEATIOT YvooTikny Asttovpyia, N oroio GLUEMVEL
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LUE TO OTOTEAECUOTO VEVPOOTEIKOVIOTIKOV Teyvikov (Maguire et al. 2000),
Bpioketa, emiong, o€ amdOALTN EVOPUOVION UE TPONYOVUEVES VELPOYVLYOAOYIKEG
peréteg, ov omoieg €yovv omodeifel 0Tt Ta LYNAOTEPA EMIMEON TPOTAAUKIG
avaotoAng (PPl) mpofAémovv vynAdtepn emidoom oTIg emMITEMKES AElITOVPYiES
(Bitsios & Giakoumaki 2005, Bitsios et al. 2006, Giakoumaki et al. 2006, Scholes

KE & Martin-lverson MT 2009).

2OUQOVE e TNV TAPOVCH UEAETN, TO EVPNUL TOV UEIOUEVOV ETTEI®V
TPOTOAUKNG OVOGTOANG OTOVG VLYIElG @opelg Tov emikivovvov aiiniiov Val
oLVoEdNKe, emiong, Le EAAEYHATIKT EMIO00T GE OPIOUEVEG EMTEMKEG AEITOVPYIEC,
Ommg elvor 0 oxedlaouOg TG EmiAvoNg TPOPANUATOV U cvvolsOnUATIKOD
YOPAKTNPO KOl 1 O1AGTac TG TPOocoyNS. To ev AOy® OMOTEAEGO OTOTUTTMOVEL
Kol emPePordvel v oxéon aAANAEEAPTNONG OVALEGO GTOV OUGHNTIKO-KIVITIKO
NOUO KOl TIG YVOOTIKEG AEITOVPYIES, Ol OMOleg EAEYYOVTOL OO TOV TPOUETMTLOLO
AoBo6. H perétn pag, Aowmdv, cuvnyopel vaép tg vmobeong ott to ITIA kou ot
YVOOTIKEG AErTovpyieg eSumnpetohvTol Omo  UEPIKMOSC OAANAOETIKOALTTOUEVQ
VELPOVIKA KUKADOUOTO PE KOO pLOUIGTY, TOVAGYLIGTOV, TOV TPOUETMMLOIO PAOLO.
[TapoTtt dev givar @ikto vo amoderydel emi TS TOPOVOTG UK ALTIOAOYIKT GUVOEST
petald tov IITA Ko TOV YVOOGTIKOV AEITOVPYLOV, EVIOVTOLS 1] TOPOVGO HEAETN
TPOGPEPEL EUTELPIKA dEdOUEVA YioL TOV pOAO TOV emikivduvov aiiniiov Val kot
dweotiler v maboeuvcoloyia pécw tng omoiog e&nyeital 1 CLGYETION TOL

emPAafoic aAinAiov pe TV avénuévn evalmtotnTa Yo oylloppéveta. Aedopévng
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™G oveEPYOUEVNG OTOLOOMOTNTOG TNG TPOTMAAUKNG OVOGTOANG MG 1GYVPOV
evoo@avotummov ¢ oyloppévelog (Roussos et al. 2016), n perétn pog evioydel
MV Katevhuvon TV EPELVNTIKOV  OTOY®V otV  avalntnon mEPOLTEP®
CUGYETIGUAOV TOV CLUYKEKPIUEVOL HOVOVOUKAEOTIOKOV TToAvpoppiopod (SNP) pe

Vv Tabouotoroyia g oxlloppévelag.

H opotoyevic, ®g mpog ta YEVETIKA Kol OMUOYPOPIKE TNG YOPOKTINPIOTIKE,
EPEVVNTIKN] OHAON TOV VYLDV VEOV appévav, Teplopilel v mBavOTNTO YELODV

CLGYETICEMV UE TNV TOKIAGTPOTO POVOTVTIKY| OGS EKTIUNGT.

To cedipa tomov I eréyyOnke péow g avotnprg dopbwong katd Bonferoni
post hoc tests, Aoym moAhamA®dv SOKIHOCI®DV, TPOoGdIopilovTag MG GTATICTIKG
ONUOVTIKG TO €LPNUOTO 7OV €mEPiOVOV TOL GLYKEKPIUEVOL  GTOTIGTIKOV

KplInpiov.

To emkivovvo ailnio Val cvvdédnke pe emProPeic emdpdosc emi tv
YVOOTIKOV-EMITEMK®OV AEITOVPYLOV, KOOGS Kal enl TG Asttovpyiog Tov aeOnTiKo-
KvnTikov nOpov 1 dmdnonc. Avtd onuaivel 6Tt o1 OPVNTIKES EMUTTMOGELS TOV €V
AMyo emkivouvov aAANAIOL GTN VELPOYVMOGOTIKN Agrtovpyiol Kot Tn Aettovpyio
Gating, amoteAovv, mbavotoTa, TUAUO EVOC UNXOVIGHOD, UEGH TOL OTOioL TO

yovidto COMT mpocdidetl evadwtdTnTa Y1 T VOGO TNG SYLLoPPEVELNG.

Etvor onuavtikd, o¢ kataxkieida, vo onueiwbel 0TL ta amoteAécpato g

TAPOVGOS EPEVVNTIKNG HEAETNG OV pmopoLV va amodofolv otnv mAlkia, v
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exmoidevon, TG ovvnleleg TOV KOMVIGUOTOS 1 TNV KOTACTOOT TNG TPEXOVGOG
duaBeomng. Emumhiéov, dev umopov va yevikevBoov Ge eupuTEPO NMAMKLOKO PACUO 1)
OTO YUVOUKEIO QUAO, HE OMOTEAEGUA Ol UEAAOVTIKEG UEAETEG VO TPEMEL VA

€EETAGOLV KO VO ETEKTEIVOLV TaL €V AOY® ELPTUOTOL.
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is initial but inconclusive evidence for a role of this variant in aspects of cognition.

Methods: We investigated the neurocognitive effects of the CSMD1 rs10503253 (C/A) polymorphism in a large,
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wide range of neuropsychological measures, most of which have been shown to be reliable endophenotypes
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L Introduction that 5CZ polygenic risk scores can predict the total brain and white mat-

General cognitive dysfunction is a core stable trait-like feature of
the schizophrenia ( 5CZ) syndrome, that follows the pattern required
of an endophenotype (Gottesman and Gould, 2003) : it is observed in
SCZ patients prior to illness onset, is largely independent of clinical
state and medication status, and is familial in nature (Keshavan
et al, 2010; Lewandowski et al, 2011; Keefe and Harvey, 2012).
Extensive family and twin data support the role of shared additive
genetic factors underpinning both SCZ and cognitive deficits
(eg., Toulopoulou et al., 2010). Also, it has been recently demonstrated,

* Comesponding author. Tel.: 4 30 2810 394610,
E-mail address. pbitsios@med vocgr (P. Bitsios).
! Erasmia Koiliar and Panos Roussos contributed equally in this article

http: fdse doi ore/1 01016/ schres 201402017
0920-9964/0 2014 Elsevier BV, All rights reserved.

ter volume (Terwisscha van Scheltinga et al, 2013) and general cogni-
tive ability in the general population (Mcntosh et al, 2013),
suggesting that, general cognitive ability shares genetic risk with the
disease, and may be part of the neural mechanism by which risk is
mediated. Several genetic variants that are associated with SCZ have
emerged from genome-wide assodation studies {CWAS) (Ripke et al,
2011; Smoller et al,, 2013), but their role in illness pathophysiology
remains unclear. One important direction of research effort in the
post-GWAS era is the characterisation of the functional effects of
novel and poorly understood risk variants on critical ‘intermediate’
phenotypes such as general cognitive ability. Healthy subjects drawn
from the general population are a good model to study the effects of
SCZ risk variants on the central nervous system, as they are devoid of
confounds related to illness process and state. This research effort has
already provided important insights into the neural mechanisms by
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which these variants increase risk for disease (Meyer-Lindenberg,
2010; Roussos et al, 20114 2011¢, 20124, 2013a).

From the five novel variants identified in the largest SCZ GWAS
to date (Ripke et al., 2011), the SNP rs10503253 located within the
CUB and Sushi multiple domains-1 ((SMD1) gene on 8p23.2, seems
important given previous evidence of its association with risk for multi-
ple neurodevelopmental disorders (Shimizu et al, 2003; Glancy et al,
2009; Havik et al,, 2011). Furthermore, a recent, joint analysis in five
major psychiatric illnesses (autism, ADHD, MDD, BD and SCZ) reported
a disorder-specific effect for the rs10503253 and 5CZ (Smoller et al.,
2013). These results support a “central” role of the rs10503253 asa
risk factor of SCZ. In a recent study, the CSMD1 SCZ risk ‘A’ allele at
rs10503253 was associated with poorer performance on neuropsycho-
logical measures of general cognitive ability (1) and memory function
but not attentional control (Donohoe et al, 2013) in two independent
case-controlled cohorts. However, the effects of the risk *A” allele
were subtle and varied between samples in a non-task specific manner,
raising the likelihood of false positives due to small sample sizes.

This interesting but inconclusive first evidence motivated us to
investigate the effects of rs10503253 on neuropsychological function
in a large, demographically homogeneous sample of young, healthy
Greek Caucasian males from the LOGOS study (Roussos et al, 2011a,
2011b, 2011¢; Jutras-Aswad et al, 2012; Roussos et al, 2012a;
Giakoumaki et al., 2013; Roussos et al,, 201 3a, 2013h). We tested the
hypothesis that the sk allele would be associated with reduced 1Q
and executive function/memory performance.

2. Methods

2.1 Study participants

Subjects were recruited from the first wave of the LOGOS (Leaming
On Genetics Of Schizophrenia Spectrum) study. The LOCOS project
examined 1149 randomly selected young male conscripts from the
Greek Army (mean age 21.95 4 3.5: range: 18-29), who met the inclu-
sion/exclusion criteria (see below) between June 2008 and December
2010, The study took place between 9am and 3 pm in the medical quar-
ters of the Military Training Camp of Candidate, Supply Army Officers
(SEAP) in Heraklion, Crete. For this purpose, two adjacent rooms in
the medical quarters were converted into testing rooms. Following
public presentation of the study's methods and goals in each consecu-
tive series of new conscripts, all participants willing to volunteer, had
a detailed information sheet and gave written informed consent before
screening. All subjects were tested on one single occasion at some point
during their two month military training in this establishment. The
study was approved by the Ethics Committee of the University of
Crete, the Executive Army Bureau and the Bureau for the Protection of
Personal and Sensitive Data of the Greek State, and was carried out in
accordance with The Declaration of Helsinki. All subjects had been
recently screened for current physical and mental health status by the
army medical authorities and were physically healthy and free from
serious mental illnesses. However, they all underwent a review of
their medical history, Mini-Intemational Meuropsychiatric Interview
(MLN.L; Sheehan et al, 1998), urine toxicology and IQ testing with
the Raven's Progressive Matrices. Inclusion criteria were (i) healthy
male recent conscripts; (ii) right handed; and (iii) informed consent
(met by 1254 subjects). Exclusion criteria were (i) personal history
of head trauma and medical or neurological conditions; (ii) current
use of prescribed drugs or a positive recreational drug screen; and
(iii) personal history of DSM-IV Axis I disorders. Based on these
criteria, 105 subjects were excluded [ 38 subjects (3.3%) with a history
ofhead trauma and medical or neurological conditions and 67 subjects
(5.34%) with a history or presence of an Axis-1 disorder (4.3% with
recent history of substance/alcohol abuse and 1.04% with panic, anxiety,
depression, insomnia)].

22, Genotyping

DNA was extracted from blood or cheek swab samples, using
the QlAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany). For N =
833 subjects, the rs10503253 genotype was extracted from avail-
able genome-wide genotyping SNP profiling with the Illumina
HumanOmniEx press BeadChip (San Diego, CA, USA) (Roussos et al.,
2013a). The genotype for another 316 subjects was determined by
direct sequencing on the Applied Biosystems (ABI) 3100 genetic analyz-
er (Applied Biosystems, Foster Gity, CA, USA). Primers and conditions
for polymerase chain reaction (PCR) amplification are described in
Supplement. Genotyping was performed blind to phenotype measures.
Genotyping quality control was performed in 50 randomly selected
samples (N = 40 included in the genome-wide profiling; N = 10
included in the direct genotyping) by duplicate checking (rate of
concordance in duplicates 100%). The call rate across all samples
was 95.7% (N = 1099/1149). All subjects were of Caucasian ancestry
on the basis of self-re port, which was confirmed for the subset of our
cohort with genome-wide profiling based on EIGENSOFT analysis
(Patterson et al., 2006; Price et al,, 2006). Based on these data, the
self-report identification of the Caucasian ancestry is highly reliable
in our cohort, which makes genetic inhomogeneity of the tested
population unlikely.

23, Neurocognitive assessment

Subjects underwent cognitive testing using the Cambridge
Neuropsychological Test Automated Battery (CANTAB), which includes
nonverbal tests administered with the aid of a high-resolution touch-
sensitive screen (Advantech) and sor a response key to all subjects
in the same order. Working memory and strategy formation were
assessed with the Spatial Working Memory task (SWM) (Owen et al,,
1990), planning for problem solving was assessed with the Stockings
of Cambridge (SoC) (Owen et al, 1990 and sustained attention and
vigilance were assessed with the Rapid Visual Information Processing
task (RVIF) (Park et al., 1994). We also assessed Visual working
memory with the N-Back Sequential Letter Task (Braver et al, 1997),
selection of appropriate response and the effects of interference
with the Stroop Color/Word Interference Test (Golden, 1978) and
set-shifting/rule learning abilities with a computerized version of
the Wisconsin Card Sorting Test (WCST) ( Birkett et al., 2008). Verbal
learning and memory was assessed with the Word Lists { WL) subtest
of the Wechsler Memory Scale-Revised (Wechsler, 1997). Finally, all
subjects were administered the lowa Gambling Task (IGT) (Bechara
et al.,, 1994) to assess planning based on emotional processing
and integration of incentive information for decision-making. For a
detailed description of the tests see Supplementary data.

24_Situational mood and feelings

On arrival to the testing room, following accimatization and
instructions about the study, subjects self-rated their moods and
feelings on a 16-item visual analog scale (VAS) originally developed
for measuring drug-induced changes in mood and alertness. Subse-
quently, these scales were found to be very sensitive to momentary
changes in psychological states caused by verbal instructions and
experimental manipulations (Bitsios et al., 1996, 1998a, 1998b).

25, Group statisticd analyses

For the sake ofdata reduction and variable classification we sub-
mitted the outcome variables from the neuropsychological tasks to
principal component analysis (PCA). For PCA, the varimax rotation
method was used and components with eigenvalues =1 and factor
loadings =0.5 were accepted. QTPHASE (https://sites.google.com/
site Tdudbridge/software/), from the UNPHASED package version
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3.1.7, was used for the association analysis (Dudbridge and Gusnanto,
2008). To correct for multiple testing and reduce the probability of
type [ error, p values were Bonferroni corrected by dividing 0.05 by 10
(the number of comparisons used: IQ and 9 factors resulting from
the PCA) (see below). Genatype group effects with Bonferroni corrected
pvalues (0.05/10 = 0.005) are considered significant. Cenotype effects
at 0.05 are only reported as “suggested significance” for future studies.
We estimated the power based on an additive mode of inheritance
and o value set at 0,005 — 2-sided [Bonferroni corrected: 0.05/10].
In our cohort (n = 1099 subjects and MAF = 16.5%), we have 80%
power to detect small effects { Cohen's d = 0.205; effect size r = 0.1).

3. Results

A full description of the PCA analysis for the cognitive variables
is provided in the Supp. Table 1. A total of 22 key cognitive outcome
variables were included in the analysis and nine factors were extracted
which explained 77.64% of the variance. These were grouped into
meaningful dimensions: Declarative memory, problem solving, sustained
attention, inattention, set shifting/rule leaming, emotional decision
making, verbal working memory, strategy formation/spatial working
memary and planning time (Supp. Table 1).

Genotype distributions were: CC: 772, CA: 291, AA: 36 (allele
frequencies: C 1835, A 363 and MAF: 16.5). The genotypic distribution
was consistent with the Hardy-Weinberg expectations (p = 0.19).
There were no differences in demographic variables, or mood on the
day of testing for the genotype groups (Table 1). Table 2 shows the
association of CSMDT with 1Q and the nine PCA factors as revealed by
the QTPHASE. The rs10503253 risk A-allele was significantly associated
with lower I} and worse strategy formation/spatial working memory,
planning time, set shifting/rule learning problem solving verbal work-
ing memory and sustained attention before or after covarying for age,
education and smoking habits (cgarettes/day). These PCA factor
dimensions are also shown across the three genotypes in Table 3.
The pattemn in most dimensions suggests a clear A allele dose effect
(CC better than CA better than AA).

For the PCA factors that survived Bonferroni comrections ( strategy,
planning, set shifting) we provide detailed neuropsychological per-
formance of the three genotype groups in the SWM, SoC and WCST
tasks (Supplemental Figs. 1 and 2 and Table 2). There were signifi-
cant genotype main effects in both outcome measures of the SWM
(errors and strategy scores) with post hoc tests confirming the
A-allele dose effect ( OC better than CA better than AA) (Supplemental
Fig. 1). In the SoC, A allele carriers solved fewer problems correctly with
post hoc tests confirming an A allele dose effect (CC = CA = AA). CA and
AA individuals had shorter initial thinking (planning) times (time
required to think out the solution), longer subsequent (execution)
times and a greater number of moves required to reach the solution,
a pattern suggesting poorer planning abilities for problem solving
(Supplemental Fig. 2). Also, the risk A allele carriers performed worse
in almost all measures of the WCST, namely, categories achieved, unre-
lated cards, total errors, Nelson non-perseverative errors and Milner

Tabie 1
Demographic and testing chamcteristics of the genobype groups.

Group CCin=772) CA(n=291) AA(n=36) P

Aget 223 437 224 439 217 4+ 34 =06
Education’ M7 +25 146 + 24 146 + 25 =06
Smokers non-smao lers® 332440 136/155 1620 =05
Smokers Gg per day” 166 + &1 167 + 102 1594495 =07
VAS amxiety* 224 + 16 223 418 217 4+ 14 =09
VAS alertness* 497 +10 507 +£1.1 502412 =03
VAS discontentment* 200 412 200 +£13 194 4 14 =08

* Mon-parametric Kruskal-Wallis comparison.
¥ (hi square comparisan.

type errors, as revealed by non-parametric Kruskal-Wallis comparisons
(Supplemental Table 2).

4. Discussion

This is the first report of the potential effects of the CSMDIT
rs10503253 polymorphism on an extended battery of executive
function and memory in a large cohort of healthy males. The risk
A-allele carriers had lower IQ and poorer strategy formation in a spatial
working memory task, set shifting/rule learning and planning for
problem solving. They also had poorer sustained attention and verbal
working memory although these differences did not survive correction
for multiple testing ( however, see discussion for type Il error below).

Specifically, in the SWM task, individuals' ability to form appropriate
search strategies [a “pure” executive function in working memory tasks
(Owen et al, 1996) and produce fewer between-errors in the difficult
SWM problems became worse the greater their risk A allele “dose”
{AA being the worse, CC the best and CA intermediate). Equally, the
participants’ ability to solve problems correctly in the SoC task declined
linearly depending on the presence of the risk A allele (CC being the
best, CA intermediate and AA being the worse). The risk A allele was
assodated with shorter planning, but longer execution times with
more moves in the execution phase, suggesting that these subjects
had to reassess and even plan new solutions during execution of the
task, as a result of less efficient planning strategies. Complex (trials
involving moves of 3 and above) problem solving dependson the in-
tegrity of the frontal lobes { Owen et al., 1990; Newman et al., 2003).
Finally, the risk A allele carriers performed worse in almost all
measures of the WCST. All the above taken together suggest that
the risk A allele is assodated with less efficient prefrontal function.
Importantly, working memory, set shifting and sustained attention
deficits have been shown to be among the most reliable endophenaty pes
for SCZ, producing the largest effect sizes in first degree relatives vs con-
trol comparisons in a recent meta-analysis (Snitz et al, 2006). Our results
extend the findings by Donohoe et al. (2013 ) on the assodation of the
CSMD1 gene with reduced general cognitive ability and agree with
very recent fMRI findings of reduced cortical activation during a working
memory task in risk A-allele carriers (Rose et al, 2013).

While the CSMD1 rs10503253 (C/A) polymorphism affects planning
ability for non-emotional problem solving [a dorsolateral prefrontal
cortex (DLPFC)-based task (Owen et al, 1990; Rowe et al, 2001;
Newman et al, 2003) ], it did not affect planning ability in the IGT
which involves planning based on emotional processing of incentive in-
formation for decision-making. Given that the IGT is predominantly de-
pendent on the function of the ventrolateral/orbitofrontal (VLPFC/ORC)
cortex (Bechara et al., 1998; Collette et al, 2001; Emst et al., 2002; Horn
etal,2003; Fukui etal, 2005), itis possible that this poly morphism does
not affect VLPRC/OFC functions, as much as it affects DLPFC functions,
at least in healthy males.

We did not find genotype effects on verbal memory which is
interesting given the relevance of this endophenotype for SCZ
(Snitz et al., 2006) and the GWAS-supported status of the CSMD1
rs10503253 genotype as a risk factor for this disorder. It may be
that the (SMD1 rs10503253 is not essential for this function at least
in healthy young males, and that such putative effects may be condi-
tional to the presence of other risk genes. This latter possibility needs
to be investigated in light of some evidence for disease specific
CSMD1 genotype effects (Donohoe et al, 2013) and other reports sug-
gesting that risk genes may interact with disease status (Prata et al,
2009; Wirgenes et al, 2010). More research in larger healthy popula-
tions and high risk individuals is required, before safe conclusions can
be drawn on the effects of this genotype on verbal learning/memory.

The function of CSMD1 gene is not well studied. It has been asso-
ciated with multiple neurodevelopmental disorders such as epilepsy,
speech delay and learning difficulties { Shimizu et al., 2003; Kraus
et al, 2006; Glancy et al, 2009; Havik et al, 2011) where cognition
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Table 2

Adjusted p-values from permu tation test for association of general cognitive ahility (1Q) and the nine factors from the principal component analysis of the cognitive variables for CSMD1
rs10503 253 polymorphism. p vales- 0.005 (Bon ferroni corected) are in bold. P refersto pvalues derived after age, education and dgarettes per daywere taken as covariates The minus

symbaol signifies lower score in the risk allele A

1050325 [CSMD | P Beta (SE) 9531 P
(v} 0.00025 =003316 (.009) =0.051/=0015 000019
Strategy formation 0.001333 0184 [0058) 0.071,/0297 0001 654
Planning 9.17E—-05 —0.247 (0.063) =037/ -0123 0000113
Set shifting 0.001849 —(L167 (0.054) — 0273/ —0.061 0003001
Problem sohving 001628 = 0.134 (0/056) = 0244/ —0025 001841
Verhal working memory 001639 — 0128 (0054) — 0234/ —0.023 Q02044
Sustained atention 001965 =0.133 (0.057) =0.245/=0.021 002924
Inattention 006025 —0.121 (0U065) — 0247/00006 010606
Declarative memory 03207 — 0057 (0.057) = 0.170/0u056 03834
Emotional decision making 09286 = (D05 (0.058) =0.119/0.108 09678

is affected. In situ hybridization and neuron immunolabeling show
that rat Csmd1 was synthesized in the developing central nervous
system and in epithelial tissues, with particular enrichment in
the nerve growth cone (Kraus et al., 2006). Csmd1 knockout mice
do not differ from wild-type littermates for sensorimotor gating
(measured as prepulse inhibition ), sodal interaction, anhedonia
(measured by sucrose preference), or sensitivity to the locomotor
stimulant effects of the dopaminergic agent d-amphetamine (Distler
et al, 2012). These findings indicate that gain-of-function mutations
or loss-of-function mutations targeting alternative transcripts of
Csmd1 might be associated with schizophrenia like phenotypes in
animal models ( Distler et al,, 2012).

Using the Cenotype Tissue Expression (GTEx) data (GTEx
Consortium, 2013 ) we examined the distribution of CSMD1 expression
in different brain regions and peripheral tissues. CSMD1 is abundant-
ly expressed in cortical regions (Supplemental Fig. 3). Given that
rs10503253 is an intronic variant, we examined in the GTEx data
whether rs10503253 affects gene expression of CSMD1, based on ex-
pression quantitative trait lod (eQTL) analysis (GTEx Consortium,
2013). No cis eQTL effect was observed for rs10503253 (or any
other SNP for CSMD1) in the brain or any other tissue included in
the GTEx project. Using a previous published gene coexpression
analysis in human postmortem tissue of cases with schizophrenia
and controls (Roussos et al., 2012b), we found that CSMD1 gene is
coexpressed in a neuronal module [module membership Pearson's
r = 0.49; p = 93E— 8| More specifically, by using multiple brain
related annotations as described previously Roussos et al. (2012b),
we found that the module is enriched for markers related to neuro-
nal function, PV + interneurons and synaptic transmission. In the
gene expression data, there was a trend [p = 0.06] for upregulation
of CSMD1 in schizophrenia. Overall, the SSMD1 is abundantly ex pressed
in cortical regions and is coexpressed in neuronal related modules;
however, we could not draw any conclusions about the mechanism
through which the risk allele affects CSMD1.

Our highly genetically and demographically homogeneous cohort of
healthy males with limited age range restricts spurious associations
with our multimodal phenotypic assessment. Moreover, type | error
was controlled by strict Bonferroni correction to correct for multiple
testing. These results cannot be attributed to age, education, smoking
habit or state mood. However our results cannot generalize to a wider
age range or female gender and future studies should examine and ex-
tend these findings. In summary, the risk ‘A’ allele was associated with
deleterious effects in general cognitive ability and a range of executive
function tests. These results highlight its potential relevance to neural
functioning and suggest that the deleterious effects of the risk *A”" allele
on neurocognitive function may be part of the mechanismby which the
(SMD1 gene mediates risk for schizophrenia.
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Table3
10} and the PCA factor dimensions acmas the three genotype groups. Values represent group means |+ SEN. ).
CC (n = 772) C/A(n = 291) A (n = 36)
10 50415 4 0277 48405 4 0514 4R138 4 1446 OC = CA*™, CC > AAT, CA > AA™
Strategy formation® —0061 + 0035 0.054 & 0058 0460 + 0161 O < CA™, O = AR ™ 08 < AR
Planning 0071 + 0037 —0.199 + (048 — (U166 4 0.149 O = CAM™ 00 = AAT, CA-AR™
Set shifting 0072 + 0034 — 0116 + 0063 — 0210 + Q187 0C > CA™"0C = AA™, CA = AR™
Problem sohving 0051 + 0036 — (0054 4 0.056 —0.306 + 0176 OC = CAT,CC = AR", CA = AN™
Verbal working memory 0030 + 0035 — (U047 4 0.062 — 0420 4 0.196 OC = CA™, CC = AR, CA = A"
Sustained attention QU048 + 0035 =0.114 + Q057 = 0.098 + 0.199 C» CA™, O » AN™ CA-AR™

ns: non-significant after post hoo Mann-Whitney tests.
# The higher the score, the worse the strategy formation
D D01
-
p= QL.
Y ope oS,
T 005 < p < 0.09.




46 E. Koiliari et al. [ Schizophrenia Research 154 (2014) 4247

References

Bechara, A, Damasio, AR, Damasio, H,, Anderson, SW,, 1994 Insensitivity to future
consequences following damage to human prefrontal cortex. Cogniton 50 (1-3),
7-15.

Bechara, A, Damasio, H., Tranel, D, Anderson, SW., 1998, Dissociation of working
memaory from decision making within the human prefrontal cortesxc. |. Neurosd. 18
(1), 428437,

Birkett, P, Sigmundsson, T., Sharma, T, Toulopoulou, T, Griffiths T.D, Reveley, A, Murmay,
R.. 2008 Executive function and genetic predisposition to schizophrenia—the
Maudsley family study. Am | Med. Genet B Meuropsychiatr, Genet. 147 (3),
285-7293,

Bitsios, P, Prettyman, R, Szahadi, E., 1996. The inhibition of the pupillary light reflex by
the threat of an electric shock: a potental laboratory model of human anxiety.
J. Psychopharmacol. 10 (4), 279-287.

Bitsios, P Szabardi, E. Bradshaw, C M. 1998a. Sensitivity of the fear-inhibited light reflex
to diazepam. Pgychopharmacology 135 (1), 93-88 (fan).

Bitsios, P, Szahadi,E_, Bradshaw, CM, 1998 h. The effects of clonidine on the fear-inhibited
light reflex. | Psychopharmacol 12 (2], 137-145 (Mar).

Braver, T.5., Cohen, J.D., Nystrom, L, Jonides, [, Smith, EE., Noll, DG, 1997, A parametric
study of prefrontal cortex involvement in human working memaory. Neurolmage 5
(1). 49-62.

Collette, F, Van der Linden, ML, Delfiore, G., Degueldre, C, Luxen, A, Salmon, E, 2001 The
functional anatomy of inhibiion processes investigated with the Hayling task.
Neumlmage 14 (2], 258-267.

Diztler, M.G., Opal, M.D., Dulawa, 5.C., Palmer, A A, 2012, Assessment of behaviors
modeling aspects of schizophrenia in Csmd1 mutant mice. PLoS One 7 (12},
e51235.

Donohoe, G, Walters, ., Hargreaves, A, Rose, EJ., Morris, D.W., Fahey, C., Bellini, 5.,
Cummins, E., Giegling, L, Hartmann, AM., Méller, HJ., Muglia, F., Owen, ML, Gill
M., O'Donovan, M.C., Tropea, D, Rujescu, D, Corvin, A, 201 3. Neuropsychological
effects of the CSMD1 genome-wide associated schizophrenia risk variant
rs10503253. Genes Brain Behav. 12 (2), 203 -209.

Cudbridge, F, Gusnanto, A, 2008. Estimation of significance thresholds for genomewride
asociation scans. Genet. Epidemniol 32 (3), 227-234.

Ernst, M., Bolla, K., Mouratidis M., Contoreggi, C., Matochik, A, Kurkian, V., Cadet, L,
Kimes, A5, London, ED., 2002. Decison-making in a risk-taking task: A PET study.
Neumpsychopharmacology 26 (5), 682 -691.

Fukui, H., Murai, T, Fukuyama, H., Hayashi T.. Hanakawa, T., 2005. Functional activity
related to risk anticipation during peformance of the lowa Gambling Task.
Neumlmage 24 (1], 253-259.

Giakoumaki, 5.G., Roussos, P, Zouraraki, C, Spanoudakis, E., Mavrikaki, M.,
Tsapakis, EM., Bitsios, P, 2013, Sub-optimal parenting is associated with
schizotypic and anxiety personality traits in adulthood. Eur. Psychiatry 28
(4), 254-260 [May).

Glancy, M, Bamicoat, A Vijeratnam, B, De Souza, 5, Gilmore, |, Huang, &, Maloney, VI,
Thomas NS, Bunyan, D, Jackson, A, Barber, [.C, 2009, Transmitted duplication of
Bp23.1-Bp23.2 associated with speech delay, autism and leaming difficulties. Eur,
J.Hum. Genet 17 [1),37-43.

Gaolden, CJ., 1978, Stroop Color and Word Test: A Manual for Clinical and Experimental
Uses, Skoelting, Chicagn, [linpis 1-32.

Gottesman, L1, Gould, T.0., 2003. The endophenotype concept in psychiatry: etymology
and strategic intentions. Am. | Psychiatry 160 (4), 636-645.

GTEx Consortium, 2013, The Genotype-Tissue Expression [(GTEx] project Mat Genet 45
(6], 5B0-585.

Havik, B.. Le Hellard, 5., Rietschel, M., Lybek, H., Djurovic, 5., Mattheisen, M., Mihleisen,
TW._. Degenhardt, F_, Priche, L Maier, W, Brever, R, Schulze, TG, Agartz, 1, Melle,
I, Hansen, T, Bramham, CR., Nothen, MM, Stevens, B, Wemge, T, Andreassen, OA,
Cichon, 5, Steen, V.M, 201 1. The complement control-related genes SSMDM and
SMD2 assodiate to schizophrenia Biol. Paychiatry 70 (1), 3542

Horn, M.E., Dolan, M., Elliott, R, Deakin, |.F., Woodruff, PW., 2002, Response inhibition and
impulsivity: an fMRI study. Neuropsychologia 41 (14), 1959- 1966

Jutras-Aswad, D, Jacobs, MM, Yiannoulos, G, Roussas, P, Bitsios, P, Nomura, ¥, Lin, X
Hurd, YL, 2012 Cannohis-de pendence risk relates to synergiam bebereen neuroticism
and proenkephalin SMPs associated with amygdala gene expression: case—control
study. PLoS One 7 (6), 239243 (June 22).

Keefe, R.5., Harvey, P.D., 2012. Cognitive impairment in schizophrenia. Handb. Exp.
Pharmacol 213, 11-37.

Keshavan M5, Kulkami 5. Bhajraj T, Francis, A, Diwadkar, V., Montrose, DM, Seidman,
LJ.. Sweeney, L, 2010. Premorbid cognitive deficits in young relatives of schizophrenia
patients. Front. Hum Meurosd. 3, 62

Kmus, DM, Elliott, G5 Chute, H., Horan, T.. Pfenninger, K.H., Sanford, 5.0, Foster, 5.
Saully, 5. Welcher, AA. Holers, V.M., 2006, CSMD1 is a novel multiple domain
com plement-regulatory protein highly expressed in the central nervous system and
epithelial tismes. | Immunol 176 (7], 4419-4430.

lewandowski, KLE., Cohen, B.M., Keshavan, M5, Ongur, D., 201 1. Relationship of
neurocognitive deficits to diagnosis and symptoms across affective and non-
affective psychoses. Schizophr. Res. 133 (1-3), 212-217.

Meintosh, AN, Gow, A luciano, M., Davies, G Liewald DL Harris, 5E. Corley, | Hall, I
Starr, M., Porteous, D], Tenesa, A_, Visscher, PN, Deary, L], 2013, Polygenic risk
for schizophrenia is associated with cognitive change between childhood and old
age. Biol Psychiatry 73 (10}, 938-943 (May 15).

Meyer-Linde nberg, A, 2010. From maps to mechanisms through neuroimaging of
schizophrenia. Mature 468 (7321), 194-202.

Mewman, 5.0, Carpenter, P.A. Varma, 5 Just, M_A, 2003_ Frontal and parietal partic-
ipation in problem solving in the Tower of London: fMRI and computational

modelling of planning and high-level perception. Neuropsychologia 41 (2),
1668- 1682

Owen, AM. Downes, | ] Sahakian, B].. Polkey, CE. Robhins, TW., 1990_ Planning and
spatial working memory following frontal lobe lesions in Man. Neuropsychologia
28(10), 1021-1B4

Owen, AM. Morris, R.G. Sahakian, B]., Polkey, CE. Robhins, TW., 1996. Double dissocia-
tions of memory and executive functions in working memeory tasks following frontal
lobe excisions, tem poral lobe excsions oramygdalo-hip pocampectomy in man. Brain
119 (Pt 5), 1597-1615.

Fark, 5.B. Coull, LT, McShane, RH., Young, AH., Sahakian, BJ., Robbins, TW., Cowen, P,
1994, Tryptophan depletion in normal volunteers produces selective impairmentsin
learning and memory. Meuropharmacology 33 (3-4), 575-588.

Fatterson, M., Price, AL, Reich, D., 2006. Population structure and eigenanalysis. FLoS
Genet. 212}, e190 (Dec)

Prata D.P, Mechelli A, Fu CH., Picchioni, M. Kane, F, Kalidindi, 5. McDonald, C. Howes,
0., Kravariti, E., Demjaha, A, Toulopoulow, T., Difort, M., Murray, E.M., Collier, DA,
MoGuire, PE, 2008, Opposite effects of catechol-O-methyltransferase Val 158Meton
cortical function in healthy subjects and patients with schizophrenia Biol Psychiatry
65 (6). 473480,

Price, AL, Patterson, M], Plenge, M, Weinblatt, M_E, Shadick, N.A_ Reich, DL, 2006
Principal components analysis corrects for stratification in genome-wide asociation
studies, Nat. Genet, 38 (8], 204-909 [Aug).

Ripke, 5., Sanders, AR, Kendler, K5, Levinson, DU, Sklar, P, Holmans, PA_ Lin, DY, Duan,
.. Ophoff, A Andreassen, 0.A, Scolnick, E, Cichon, 5. 5t Clair, D, Corvin, A Gurling,
H., Werze, T., Rujescu, D, Blackwood, DH., Pato, CN., Malhotra AK., Purcell 5.,
Dudbridge, ., Neale, BM, Rossin, L, Visscher, .M, Posthuma, 0., Ruderfer, D.M.,
Fanous, A Stefansson, H., Steinberg, 5. Mowry, B, Golimbet, V., De Hert, M.,
Jénsson, E.G., Bitter, 1, Pietildinen, O, Collier, DA Tosatn, 5., Agartz, 1 Albus, M.,
Alexander, M., Amdur, R.L, Amin, F, Bass, N, Bergen, SE_, Black, DW_, Barglum,
AD, Brown, MA_ Bruggeman, R, Bucoola, NG, Byerley, W.F., Cahn, W, Cantor,
R.M, Carr, V.J, Catts, 5.V, Choudhury, K., Qoninger, CR., Cormican, P, Craddock, N.,
Danay, PA, Datta, 5., de Hann, L, Demontis, 0, Dikeos, D, Djurovic, 5., Donnelly, P,
Donohoe, G, Duong, L, Dwyer, &, Fink-Jensen, A, Freedman, R, Freimer, NB.,
Friedl M. Georgieva L. Giegling, 1, Gill, M., Glenthaj, B, Godard, 5. Hamshere, M.,
Hansen, M., Hansen, T., Hartmann, AM., Henskens, F.A, Hougaard, D.M., Hultman,
CM.,, Ingason, A, Jablensky, AV, Jakobsen, K1, Jay, M., Jirgens, G, Kahn, RS,
Keller, M.C., Kenis, G, Kenny, E. Kim, ¥, Kirov, GK, Konnerth, H, Konte, B
Krabbendam, L. Kmusucki, R, Lasseter, V.., Laurent, C, Lawrence, |, lencz, T,
Lerer, FB, Liang, Y., Lichtenstein, P, Lieberman, [ A, Linszen, D_H., Lonngvist, |,
Loughland, CM. Maclean, AW. Maher, BS, Maier, W., Mallet. |, Malloy, P,
Mattheisen, M. Mattinsgsdal, M., McGhee, KA, McGrath, [J. Mdntosh, A, McLean,
D.E. McQuillin, A, Melle, 1, Michie, PT. Milanova, V., Morns, DW., Mors, 0.,
Martensen, PB, Moskvina, V., Muglia, P, Myin-Germeys, |, Nertmey, DLA, Nestadt,
G, Mielsen, |, Mikolov, I, Nordentroft, M., Norton, N, Méthen, MM, O'Dushlaine,
CT., Olincy, A, Olsen, L, O'Neill, EA, @mtoft, T, Owen, M], Pantelis, C,
Papadimitriou, G, Pato, M.T,, Peltonen, L, Petursson, H., Fickard, B, Fimm, ], Pulver,
ACE., Puri, V., Quested, D., Quinn, ENL, Rasmussen, HE., Réthelyi, LM., Ribble, R,
Rietschel M. Riley, B.P., Rugger, M. Schall 1L, Schulze, TG, Schwab, 55, Scott, R].
Shi, | Sigurdsson, E., Silverman, [ M., Spencer, CC, Stefansson, K., Strange. A
Strengman, E-, Stroup, TS, Suvisaari, |, Tereniuis, L, Thirumalai 5. Thygesen, [ H.,
Timm, 5. Toncheva, 0., van den Oord, E., van Os, |, van Winkel R. Veldink, [.,
Walsh, D, Wang, AG, Wiersma, D, Wildenauer, DB Williams, H], Williams, MM,
Wormley, B., Zammit, 5., Sullivan, P.E, 0" Donovan, M.C_, Daly, M ], Gejman, P.V.,
2011. Cenome-wide assocation study identifies five new schizophrenia lod. Nat.
Genet. 43 [10), 969-976.

Rose, EL, Morris, DW., Hargreaves, A Fahey, C, Greene, C, Gill M., Corvin, A, Donohos,
G., 201 3. Neural effects of the SSMD1 genome-wide assodated schizophrenia risk
variant rs10503253. Am. | Med. Genet. B Neuropsychiatr. Genet. 1628 (6), 530-537
(Mar 1)

Roussos, P, Giakoumaki, 5.G., Adamaki, E., Bitsios, P., 2011a. The influence of
schizophrenia-related neuregulin-1 polymorphisms on sensorimotor gating in
healthy males. Biol Psychiatry 69 (5), 479—486 (Mar 1).

Rousses, P, Giakoumaki, 5.G., Georgakopoulos, A, Robakis, MK, Bitsies, P., 2011b.
The CACHNATC and ANK3 risk alleles impact on affective personality traits and startle
reactivity but not on cognition or gating in healthy males. Bipolar Disord. 13 (3 ),
250-259 (May).

Roussos, P, Giakoumnaki, 5.6, Adamaki, E, Georgakopoulos, A, Robakis, N, Bitsios, P,
2011c. The association of schizophrenia risk D-amino acd oxidase polymorphisms
with sensorimotor gating, working memaory and personality in healthy males.
Neuropsychophamacology 36 (8], 1677-1688 (jul).

Roussos, P, Katsel, P, Davis, KL, Bitsios, P, Giakoumaki, S.G., Jogia, |, Rozsmyai, K, Collier,
D, Fangou, &, Siever, L., Haroutunian, V., 20122 Molecular and genetic evidence for
abnormalities in the nodes of Ranvier in schizophrenia. Arch. Gen. Psychiatry 63 (1],
7-15 (Jan).

Roussas, P Katsel, P, Davis, KL, Siever, L], Haroutunian, V. 2012b. A system-level
transcripbomic analysis of schizophrenia using postmortemn brain tissue samples.
Arch. Gen. Peychiatry 69 (12), 1205-1213 [Dec).

Roussos, P, Kat=el, P., Davis, KL, Giakoumaki 5.G. Lencz, T., Malhotra AK., Siever, L].,
Bitsios, P., Haroutunian, V., 2013a Convergent findings for abnormalities of the
MNF-kappaB signaling pathway in schizophrenia. Neuropsychopharmacology 38
(3], 533-539 (Feh).

Roussos, P, Bitsos, P, Giakounaki, 5.G. McQure, MM, Hazlett, EA, New, AS, Siewer, L],
2013h. CACNAIC as a risk factor for schizotypal personality disorder and schizotypy
in healthy individuals. Psychiatry Res. 206 (1), 122-123 (Mar 30).

Rowe, | B, Owen, AM., Johnsrude, 15, Passingham, R.E., 2001. Imaging the mental compo-
nents of a planning task. Neuropsychologia 39 (3], 315-327.




E. Koiharietal / Schizephrenia Research 154 (2014) 4247 47

Sheehan, DV, Lecrubier, ¥, Sheehan, K.H., Amorim, P., Janavs, |, Weiller, E.,
Hergueta, T_, Baker, R., Dunbar, G.C_, 1998 The Mini-International Neuropsy-
chiatric [nterview [MLML): the development and validation of a structured
diagnostic psychiatric interview for DSM-IV and ICD-10. J. Qin. Psychiatry
50 (Suppl. 20), 22-33.

Shimizw, A, Asakawa, 5., Sasaki T. Yamazaki, &, Yamagata, H, Kudoh, |, Minoshima, 5.,
Kondo, L, Shimizu, N, 2003. A novel giant gene (SMD3 encoding a protein with
OB and sushi multiple domains: a candidate gene for benign adult familial myocdonic
epilepsy on human chromosome 8q2 3 3—q24. 1. Biochem. Biophys. Res. Commun. 309
(1) 143-154.

Smoller, W, Kendler, K, Craddock, N, Ripke, 5, Kendler, K. Lee, PH., Neale, BM., Purcell,
5. Anney, R, Buitelaar, | Fanous, A Faraone, 5.V, Hoogendijk, W, Lesch, K.,
Levinson, DLE, Perlis, RH, Purcell &, Rietschel, M. Riley, B. Sonuga-Barke, E.,
Schachar, R, Schulze, TG, Thapar, A, Craddock, N, Kendler, K5, Smoller, [W_,
Fanous, A, Meale, B, Meale, M., Nurnberger, L, Perlis, B, Purcell, 5., Rietschel, M.,
Santangelo, 5., Schulze, TG, Thapar, A, Sullivan, P.F, Bender, P, Cichon, 5.,
Craddock, N, Daly, M ], Faraone, SV Kelsoe, | Lehner, T, Levinson, D, O"Donovarn,
M, Gejman, P, Sebat, [, Sklar, P, Smaller, [\W_, Daly, M], Faraone, SV_, Daly, M.,
Devlin, B, Kelsoe, |, Sklar, P., Sullivan, P, 0'Donovan, M., Perlis, RH.. Meale, M.C.,
Schulze, TG, Anney, B, Buitelaar, K., Faraone, SV, Hoogendijl, W[, Levinson, DF,
Lesch, K.P., Riley, B., Schachar, B, Sonuga-Barke, E, Absher, D Agartz, 1, Akil, H.,
Amin, F., Andreassen, OA, Anjorin, A, Arking, D, Asherson, P., Azevedo, M.H.,
Backlund, L, Badner, |.A, Banaschewski, T, Barchas, |0, Bames, MR, Bass, N,
Bauver, M., Bellivier, F., Bergen, &, Berrettini, W\, Bettecken, T., Biederman, |, Binder,
ER, Black, DW_, Blackwood, DH_, Blos, C 5, Boehnke, M, Boomsma, DL, Breen, G,
Breuer, R, Buccola, NG, Bunner, W E, Burmeister, M., Buxbaum, 0. Byerley, WF,
Caezar, 5, Cantor, RM, Chakmavarti, A, Chambert, K, Choudhury, K., Cichon, 5.,
Qoninger, CR., Callier, A, Cook, E., Coon, H, Covin, A, Coryell W.H, Craig, DLW,
Craig, LW., Curtis, D, Czamara, [, Daly, M., Datta, 5, Day, R, De Geus, EJ,
Degenhardt, F., Devlin, B., Djurovic, 5., Doy le, AE., Duan, |, Dudbridge, F., Edenberg,
H]. Elkin, A, Etain, B., Farmer, AE. Fereira, M.A, Ferrier, LN., Flickinger, M.,
Foroud, T., Frank, |, Franke, B, Fraser, C, Freedman, R, Freimer, N.B_, Fried], M.,
Frisén, L. Gejmar, PV, Georgieva, L, Gershon, ES., Giegling 1. Gill, M., Gordon, 5.0,
Gordon-Smith, K, Green, EK., Greemwood, T.A, Gross, M., Grozeva, D, Guan, W,
Gurling, H., Gustafsson, O, Hakonarson, H, Hamilton, 5.P., Hamshere, ML, Hansen,
T.F., Hartmann, AM_, Hautzinger, M_, Heath, A.C, Henders, AK, Herms, &, Hickie,
LB, Hipolito, M., Hoefels, 5. Holmans, P.A, Holsboer, F, Hottenga, J].. Hultman,
CM., Ingason, A, Ising, ML, J[amain, 5., Jones, EG., Jones, L, Jones, L, Jung-Ying, T.,
Kahler, A, Kandaswamy, B, Keller, MC_, Kelsoe, | R, Kennedy, |L, Kenny, E., Kent,
L, Kim, Y., Kirov, G.K., Knowles, | A, Kohli, MA, Koller, D.L, Konte, B, Korszun, A,
Krmzucki, R, Kuntsi, |, Kwan, P, Landén, M., Langstrom, N_, Lathrop, M_, Lawrence, ],
Lawson, WB_, Leboyer, M., Lencz, T.. Lesch, KP., Lewis, CM., 1i, | Lichtenstein, P.,
Lieberman, A, Lin, [, L, C, Lohoff, EW, Loo, K., Lucae, 5., Madntyre, D,
Madden, PA, Magnusson, P, Mahon, P.B, Maier, W, Malhotm, AK, Martin, NG,
Mattheisen, M., Matthews, K, Mattingsdal, M., McCarroll, S, McGhee, KA,
McGough, JJ.. McGrath, PJ. McGuffin, P Mdnnis, MG., Mdntosh, A, McKinney, R
Mclean, AW, McMahon, FJ. McQuillin, A. Medeiros, H., Medland, S.E. Meier, 5.,

Melle, I, Meng, F., Middeldorp, CM., Middleton, L, Milanova, V., Mitchell P.B.,
Montgomery, G.W., Moran, |, Morken, G., Morris, DW, Moskvina, V., Mowry, B,
Muglia, P, Miahleisen, TW., Muir, W], Miller-Myhsok B, Myers, RM, Nelson, SF.
Nievergelt, CM, Nikolov, I, Nimgaonkar, V., Nolen, WA, Nathen, MM, Nwulia,
EA. Nyholt. DR, 0'Donovan, MC, O'Dushlaine, C., Oades, R0, Olincy, A, Olser, L,
Ophoff, RA., Oshy, UL, Oskarsson, H., Owen, MJ. Palotie, A_ Pato, M.T. Pato, CN,
Penninx, B.F, Pergadia, ML, Petursson, H, Fickard, B5, Pimm, ], Piven, J.,
Porgeirsson, P, Posthuma, D, Potash, | B, Propping, P., Puri V. Quested, D, Quinn,
EM., Rasmussen, HB_ Raychaudhuri, 5, Rehnstrim, K, Reif, A, Rice, |, Rossin, L,
Rothenberger, A, Rouleaw, G, Ruderer, D, Rujescu, D, Sanders, AR, Schalling, M.,
Schatzberg, AF., Scheftner, WA, Schellenberg, G, Schofield, PR., Schark, N.J,
Schumacher, ], Schwarz, MM, Scolnick, E. Scott, LJ. Shi, | Shi ].. Shilling, P00,
Shyn, 5.1, Sigurdsson, E, Silverman, [M., Sklar, P, Slager, 5.1, Smalley, 5., Smit, |.H.,
Smith, EM, Sormga-Barke, E_, 5t Clair, [, State, M., Stefansson, K, Stefansson, H,
Steffens, M., Steinberg, 5, Steinhausen, H.C., Strauss, |, Strohmaier, |, Stroup, TS,
Sutcliffe, |, Szatmari, P, Szelinger, 5., Thirumalai, 5, Thompson, R.C, Tozzi, F,
Treutlein, |, Uhr, M, van den Oord, E], Van Grootheest, G Vieland, V., Vincent, [B_,
Visscher, PM, Watson, 5], Weissman, MM, Werge, T, Wienker, TF., Willemsen,
G. Williamson, B, Witt, SH., Wray, N, Wright, A Xu W_ Young, AH. Zammit. 5
Zandi, PP, Fhang, P, Zitman, F.G, Zillner, 5., Craddock, M, Kendler, K, Vieland, V.,
Vincent, | B, Visscher, PM_. Watson, 5] Weissman, MM, Werge, T, Wienker, TF,
Willemsen, G, Wiliamson, R, Witt, SH., Wray, MR, Wright A, Xu W., Young, AH.
Fammit, 5, Zandi, PP, Fhang, P, Zitman, F.G, Zollner, 5., Craddock, N, Kendler, K,
Vieland, V_, Vincent, | B, Visscher, P.M., Watson, 5] Weissman, MM, Werge, T,
Wienker, TF, Willemsen, G, Williamson, R, Witt, S H., Wray, MR, Wright, A, ¥u,
W Young, AH. Zammit. 5., Zandi, PP, Zhang, P. Zitman, FG_, Zéllner, 5, Craddock,
M., Kendler, K., 2013. ldentifiation of risk lod with shared effect=s on five major
paychiatric disorders: a genome-wide analysis. Lancet 381 [9875), 1371-1379.

Snitz, RE., Macdonald 1T, AW, Carter, C5_, 3006. Cognitive deficits in unaffected first-
degree relatives of schizophrenia patients: a meta-analytic review of putative
endophenotypes. Schizophr, Bull. 32 (1), 179194

Terwisscha van Scheltinga, AF, Bakker, 5.C, van Haren, N.E,, Derks,E.M,, Buizer-Voskamp,
JE. Boos, HB, Cahn, W, Hulshoff Pol, HE, Ripke. 5. Ophoff, RA_ Kahn RS, 2013,
Genetic schizophrenia risk variants jointly modulate total brin and white matter
volume. Biol Psychiatry 73 (6), 525-531.

Toulopoulou, T, Goldberg, TE., Mesa, LR, Picchioni, M, Rijsdijk, F,, Stahl D, Chemy, 55,
Sham, P, Faraone, SV, Tsuang, M., Weinberger, DR, Seidman, L], Murray, R.M,
2010. Impaired intellect and memory: a missing link between genetic risk and
schizophrenia? Amh Gen Peychiatry 67 (9], 905-913,

Wechsler, D, 1997, Wechder Memory Scale, third ed manual, third ed manual The Psy-
chological Corporation, San Antonio.

Wirgenes, V., Djurovic, 5., Sundet, K., Agartz, L, Mattingsdal M., Athanasiu, L, Melle L,
Andreassen, 0.A, 2010. Catechol O-methyltransferase variants and cognitive perfor-
mance in schizophrenia and bipolar disorder versus controls. Schizophr. Res. 122
(1-3),31-37.




European Psychiatry 30 (2015) 492-498

Contents lists available at ScienceDirect

European Psychiatry

ELSEVIER

journal homepage: http://www.guropsy-journal.com

Original article

The effects of the CACNAIC rs1006737 A/G on affective startle
modulation in healthy males

@ CrossMark

E. Pasparakis?, E. Koiliari ?, C. Zouraraki®, E.-M. Tsapakis **, P. Roussos *%*,
S.G. Giakoumaki®, P. Bitsios =*

“ Department of Psychiatry and Behavierl Sdences, Faculty of Medicne, University of Crete, Heraklion, Crete, Greece

" Department of Psychology, University of Crete, Rethymno, Crete, Greece

= Aghios Charalambos Mental Heglth Chinic, Heraklion, Crete, Greece

4 Department of Psychiztry, Department of Genetics and Genomic Scences, Institute for Genomics and Multiscale Biology, Friedman Brain Institute, loahn
School of Medicine at Mount Sinei Mew York, NY 10029, US4

* James |. Peters WA Medical Center, Mental [[ness Research Education and Chnical Center (MIRECC) 130, West Kingsbridge Road, Brome, NY 10468, LISA

ARTICLE INFO ABSTRACT

Article history:

Received 13 December 2014

Received in revised form 4 March 2015
Accepted 4 March 2015

Available online 1st April 2015

Badkground: The CACNATC rs1006737 risk A allele has been associated with affective psychoses and
functienal studies indicate that it is assocciated with increased hippocampal/amygdala activity during
emaotional face-processing. Here we studied the impact of the risk A allele on affective startle
maod ul ati on.

Methods: Hundred and ninety-four healthy males stratified for their CACNATC rs1006737 genotype
(GG:111, GA:67, AA:16) were presented with 18 pleasant, 18 unpleasant and 18 neutral pictures with

';;;“’:"1";; acoustic probes (104 dB) occurring during 12 pictures in each affective category. Baseline startle was
Bipolar affective disorder assessed during blank scree ns_. Stal:g mood was self-rated onarrival, pre- and post-test and the emotional
Cenetics valence and arousal of affective pictures at post-test.

IAPS pictures Resules: Relative to the other genotypes, risk A allele homozygotes presented with higher anxiety/

negative affect ar pre-test, reduced and exaggerated physiological responses to the pleasant and negative
pictures respectively, negative affect with red uced arousal at post-test and rated the affective pictures as
less arousing and inconsistently to their physiological responses (all P = 0.05). Sustained contextual
negative mood predicted reduced baseline and affective startle reactivity in the AA group.
Conclusions: Healthy homozygous males for the risk A allele appear to have marked contextual
sensitivity, affective reactivity akin to anxiety and depression and inefficient emotional appraisal. Our
findings provide phenotypic detail of the CACNATC AA genotype in non-symptomatic individuals, which
suggest primary effects in emotional circuitry, consistent with previously decumented alterations in
hippocampal/amygdala processing.

Emotional processing

@ 2015 Elsevier Masson SAS. All rights reserved.

1. Introduction

The CACNAIC gene codes for the pore-forming alpha 1C subunit
of the L-type voltage-gated calcium channel, which couples
transient activation of inward calcium current to transcriptional
regulation and plays an important role in dendritic develop ment,
neuronal survival, synaptic plasticity, memory formation, learning
and behavior [6]. The non-coding CACNA1C rs1006737 risk A allele
has been associated with risk for bipolar disorder (BD) [2569],
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major depression [29], schizophrenia [29,53,58,67] and schizoty-
pal personality disorder [64). Studies that try to understand gene
effects in brain function [50] indicate that the same allele is
associated with decreased gene expression [65], increased
anxious fdepressive (parancid personality traits and psychopathol-
ogy [21,63] and increased hippocampalfamygdala activity
|7,38,74] with reduced corticolimbicjfrontotemporal functional
connectivity during emotional face-processing [73]. The gene may
have pleiotropic effects possibly due to effects on hippocampal/
amygdala and prefrontal circuits [7], which have been related to
genetic risk for affective disorders [3,75] and schizophrenia [11].

This is a first attempt to test the effects of risk associated
variation in this gene on affective startle modulation by IAPS
(International Affective Pictures System) stimuli [42]. Startle is a
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defensive reflex and its magnitude increases with increased
negative valence of the foreground stimuli and is attenuated
during exposure to positive stimuli [9,15]. Consequently, this
paradigm is useful in examining individual differences in affective
reactivity of non-clinical populations [14] or alterations of affective
reactivity in mood disorders [31]. While affective startle modula-
tion is normal in schizophrenia [16,68], studies in severely
depressedfanhedonic patients currently [2,40] or in remission
[54], remitted bipolar patients and their unaffected 1st-degree
relatives [27] or severely anxious patients with sustained
dysfunction [49], suggest that blunted startle reactivity and
affective modulation may be trait features of severe affective
disorder phenotypes. In non-dinical individuals, reduced or non-
detectable startle reactivity has been associated with tempera-
ment traits [28] or polymorphisms [55,61] relevant to affective
disorders. As a risk gene for major depression and bipolar disorder,
we thus hypothesized that the CACNAIC rsk (A) allele would
reduce baseline and affective startle reactivity in healthy subjects.
Given the non-specific role of this polymorphism to psychopa-
thology, the examination of its association with affective startle
modulation may provide information regarding trans-diagnostic
mechanisms,

2. Methods
2.1. Subjects and genotyping

Two hundred and twenty, right-handed males from the first
wave of the LOGOS study, which was approved by the local Ethics
Committee and has been previously described in detail [63], were
randomly selected for startle assessment. All participants gave
written informed consent. Genotyping was performed blind to
phenotype measures as described elsewhere [63] with a 0.985 call
rate. After exclusion of 26 startle non-responders, 194 subjects
entered the study. These were of Caucasian ancestry on the basis of
self-report, as well as STRUCTURE analysis [57] using a panel of
ancestry informative unlinked markers, as described previously
[62). Genotype distributions were: GG:111, GA:67, AA:16, AJG
allele counts were 99/289 and minor allele frequency (MAF) was
0.255. No deviation from Hardy-Weinberg Equilibrium was
observed (x? =236, P=0.13).

2.2 Procedure

Subjects rated their mood (alertness, anxiety, discontentment )
using visual analogue scales (VAS) [8] on arrival to the lab,
immediately after the instructions in preparation for startle testing
and after startle testing. They also rated the IAPS pictures for
valence and arousal with the Self-Assessment Manikin (SAM) [41]
at post-test.

2.3 Startle testing

Our equipment and set up have been described in detail
previously [27]. All subjects were presented with 54 IAPS' pictures
(18 pleasant, 18 unpleasant, 18 neutral), each presented for 6 5. OF

' IAPS numbers for neutral pictures used intheexperiment are; 2200, 5500, 5510,
7000, 7002, 7008, 7010, 7020, 7040, 7050, 7060, 7080, 7090, 7100, 7150, 7170,
7175, 7500; for the pleasant picures: 1650, 2040, 2050, 2057, 2080, 2150, 2160,
4002, 4180, 4210, 4232, 4650, 4660, 7330, 8030, B0DBD, 8502, B540; for the
unpleasant pictures: 1030, 1111, 1270, 2120, 3051, 3062, 3063, 3064, 3100, 3102,
3140, 3150, 3210, 6242, G570, 9050, 9405, 9810. Normative arousal ratings
(mean + 50 for the selected TAPS pictures were 55 + 1.3 for pleasant, 2.7 + 0.5 for
neutral and 6.2 + 0.7 for unpleasant pictures, thus yielding the wsual V pattern
whemby pleazant and unpleazant pictures are more arousing than neutral ones.

these, 36 pictures (12/valence type) were accompanied by an
acoustic probe (50-ms presentation of 104-dB white noise aver 70-
dB background noise running throughout the experiment). Of the
12 acoustic probes presented during each affective category,
6 were presented 3000-ms after picture onset and 6 probes were
presented 4500-ms after picture onset to increase unpredictability
of startle, while six pictures of each valence type were not
accompanied with a startle probe. There were no differences in
normative arousal ratings between pictures accompanied by
different types of probes within the same affective category. Each
picture was followed by a blank screen of 3-12 5 (average 9s)
inter-picture interval. Subjects received further 15 acoustic probes
during blank screens, which served as a control to calculate
baseline startle. The experiment lasted about 35 minutes. EMG of
the orbicularis oculi was recorded from the left eye. Trial exdusion
and scoring criteria were identical to those used in previous studies
[27,61]. Startle testing and scoring was blind to subjects’ genotype.
Startle magnitude responses were averaged across valence type
and the mean magnitude scores for pleasant, neutral and
unpleasant pictures entered the analysis. Startle magnitude
differences (pleasant-neutral and unpleasant-neutral) were also
calculated and analyzed. Baseline startle magnitude was defined as
the mean startle magnitude across both probes during the blank
screens.

2.4, Statistical analysis

Demographics, VAS-rated mood on armrival, and baseline startle
were compared between the three genotypes with parametric or
non-parametric comparisons as appropriate. Pre- and post-test
VAS ratings were analyzed with separate 3 = 2 (genotype by
occasion) repeated measures ANOVAs, Separate 3 = 3 (genotype
by valence) repeated measures ANOVAs were used to analyze
startle magnitude and SAM valence and arousal ratings of the IAPS
stimuli. Greenhouse-Geisser corrections were used for main
effects and interactions involving factors with more than two
levels. For significant findings involving genotype, we report
effect sizes (partial n”) and observed power. Exploratory
correlational analyses were also performed using parametric or
non-parametric statistics as appropriate. Since group compar-
isons were planned and hypothesis driven, we did not consider
Bonferroni correction of the threshold of statistical significance
was necessary for startle data. However, alpha was set at 0,025 for
VAS and SAM ratings.

3. Results

The genotype groups did not differ in demographics, baseline
VAS-rated mood on arrival, or IQ (Table 1).

3.1. VAS-rated state mood

The three dimensions of the VAS state mood, rated immediately
after instructions (pre-) and post-startle testing expressed as A scores,
(differences from baseline mood on arrival) for each group are shown
in Fig. 1. The ANOVAs revealed occasion main effects (higher at pre-
test, lower at post-test) for anxiety and alertness [F{1.191)=37.9,
P 0001 and F(1.191) =183, P < (.001 respectively] but not for
discontentment (F < 1). The risk allele homozygotes (AA) had a
marked elevation of anxiety after the instructions, evidenced by a
genotype by occasion interaction [F{2.191)=153, P< 0.001,
n?=0.136, power = 0.99] and a genotype main effect [F(2.191) = 7.3,
P= 0001, 1°=0070, power=093] confirmed with Bonferroni
post hoc tests. Discontentment was elevated throughout in the AA
group [genotype main effect: F{2.191)= 316, P < 005, n*=0.031,
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Table 1
Demographics and VAS-rated state mood on arrival (baseline) of the genotype
groups (mean+ S0

GG GA Ad P-value

Demographics

Sample size i &7 16

Age, years® 222440 233 45 BE+46 =0.1

IQ, Raven’s raw score* 509+98 50775 501+E85 =07

Smokers fnon-smokers” 44/67 23144 88 =05

Smokers: cigarettes fday 144470 143+ 58 178+47 =03
Baseline VAS-rated state mood

Anxiety 26715 221417 252+18 =05

Discontentment 216+11 196+13 212+08 =06

Alertness 492+10 496+14 496+10 =09

# Kmskal-Wallis comparison.
¥ 4 comparison, cone-way ANOVA.

power = 0.65], but this effect did not survive Bonferroni comrection. The
gmoup by occasion interaction was not significant [F2.191)= 1.1,
P = 0.1] Alertness dropped in the AA group at post-test to a greater
degree than in the other genotypes, as confirmed with a significant
group by occasion interaction [F{2.191) =37, P < 0.025, q2-0.03?.
power = 0.73]. Inclusion of age, smoking habit or 1Q as covariates did
not affect these results.

The pattern or correlations between pre- and post-testing mood
dimensions is shown in Supplementary Table 51. Pre-test anxiety
and pre- or post-test alertness correlated negatively in the GG and
GA groups but positively in the AA homozygotes, suggesting non-
anxious and anxious [tense arousal respectively. Pre-test anxiety in
the AA gmoup did not correlate with pre-test discontentment
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Fig. 1. VAS-rated mood {mean + SEM) after instructions (pre-) and post-startle
testing in the three genotype groups. Scores represent differences from baseline mood
on arrival at the abomatory; **°P < 0001,

suggesting possibly dissodable underlying processes for contex-
tual anxiety and negative mood. Post-test anxiety in this group
correlated with pre- and post-test discontentment (but not
anxiety) and may thus be better conceptualized as part of the
negative affect experienced by AA individuals. Pre- and post-test
alertness correlated positively in the GG and GA groups but not
significantly so in the AA homozygotes suggesting that the high
drop in post-test alertness in the latter group could be of a different
nature to that observed in the other genotypes.

3.2, Affective picture ratings

The affective picture valence ratings for the entire sample
(mean + SD) were 6.6+ 1.0 (pleasant), 3.9 +1.4 (neutral), and
2.5 + 1.1 (unpleasant) confirming the categorization of the pictures
as pleasant, neutral, and unpleasant. The affective picture arousal
ratings for the entire sample (mean + SD) were 4.7 + 1.7 (pleasant),
2.0+ 1.2 (neutral), and 5.1 + 1.7 (unpleasant) confirming the usual V
pattern, where pleasant and unpleasant pictures are seen as more
arousing than neutral ones. Fig. 2 shows the subjective valence and
arousal ratings of all genotypes for the affective picture categories.
ANOVA of the valence ratings showed an expected main effect
of wvalence [F{2382)=3499, P<0001], but not genotype
[F(1.191)=24, P=01] or interaction [F{4.382)=1.85 P=0.1]
effects. ANOVA of the arousal ratings showed an expected main
effect of valence [F{2.382)=1983, P+ 0,001] but not interaction
[F{4382)=199, P= 0.1]. The genotype main effect was significant
[F(1.191)=295, P=005, i° =0.028, power =0.70] due to reduced
SAM arousal ratings of both positive and negative pictures by the AA
homozygotes. This effect became non-significant (P = 0.07) when
either post-test discontentment or post-testalertness were taken as
covariates; the Preacher and Heys test of mediation showed that

81 Subjective Rating of AP 8 for Emotional Valence

SAM score

Pleasant Meutral Unpleasant

61 Subjective Rating of WP S for Emational Arousal

SAM score

Pleasant MNeutral Unpleasant
Fig. 2. Valence and arousal mtings (mean + SEM) of the [APS pictures assessed at

post-testing with the Self-Assessment Manikin (SAM) in the three genotype groups.
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both variables were significant mediators of the group main effect
(discontentment: t = —-2.01, P = 0.05; alertness: t=2.23, P < 0.05),
suggesting that the reduced arousal ratings of the pleasant and
unpleasant IAPS by the AA homozygotes was attributable to their
negative mood and low arousal state at post-test.

3.3. Baseline startle

Baseline startle magnitude (mean <+ SD) was 903 + 52.8,
82,5+ 500, and 882 4+ 600 for the GG, GA, and AA groups,
respectively. Kruskal-Wallis ANOVA showed no group differences
(P = 0.5). There were no effects of smoking status on baseline startle
magnitude (Mann-Whitney P> 04). The comelations between
baseline startle and VAS-rated mood were significant only within
the AA group (Supplementary Table 52); pre-test alertness and
anxiety predicted higher but pre-test discontentment and post-test
discontentment and anxiety predicted lower baseline startle,
altogether suggesting that in the AA group, sustained negative affect
and distress expressed as high discontentment throughout and post-
test anxiety may have operated to reduce startle reactivity on an
individual level

3.4 Affective startle modulation

Fig. 3 (top panel) shows startle magnitude across the three
valence conditions for the three genotypes. Startle was linearly
increased from pleasant to neutral to unpleasant pictures and the
AA homozygotes had greater startle magnitude in the unpleasant
condition. A 3 « 3 (valence by genotype) repeated measures
ANOVA showed a main effect of wvalence [F(2.382)= 245,
P 0.001] and a significant interaction [F{4.382)=2.6, P < 0.03,
:}2 =0.026, power = 0.80]. Fig. 3 (bottom panel) shows clearly that
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Fig 3. Startle magnitude across pleasant, neutral and unpleasant pictures (top ) and
difference from neutral pictures (A scores, bottom) for the three genotype groups;
#: significant group main effect (ie. greater startle reactivity to the unpleasant and
closer tozero reactivity to the pleasant pictures ) when the SAM arousal mtings for
the pleasant pictures entered the analysis as the covariate.

relative to the neutral condition, AA subjects had less attenuation
in the pleasant and exaggerated reactivity in the unpleasant
condition compared to the other genotypes. A 2 = 3 (valence by
genotype ) ANOVA of the Amagnitude scores revealed a significant
interaction[F(2.191) = 3.03; P < 0.05, i = 0.03, power = 0.65] with
post hoc tests confirming the significant startle increase of the AA
group in the unpleasant condition compared to both other
genotypes. The genotype main effect fell short of significance
[F{2.191) = 2.2; P=0.09] however, when the SAM arousal ratings
for the pleasant IAPS stimuli were taken alone as the covariate, a
significant genotype main effect was revealed [F{2.190)=3.5;
P = 0.05, 5° = 0.033, power = 0.70]. No other covariates altered the
results or revealed a significant genoty pe main effect. This suggests
that the degree of startle attenuation in the pleasant condition
covaried inversely with the way subjects scored in the SAM arousal
ratings for the pleasant IAPS pictures only; indeed, exploratory
correlations between A magnitude of startle attenuation and SAM
amusal ratings for the pleasant IAPS confirmed a highly significant
inverse relationship for the AA group (Supplementary Table 53),
suggesting that the AA homozygotes with the lowest physiological
reactivity (startle attenuation) to the pleasant pictures scored
these pictures as most arousing. This inverse relationship extends
to their SAM valence ratings as well (coefficient: 0958,
P = 0.001; data not shown in Supplementary Table 53). The
relationship between SAM arousal ratings of the unpleasant [APS
pictures and startle potentiation to these pictures was significant
only for the AA group and to the expected direction (Supplemen-
tary Table 53).

Exploratory correlations between VAS-rated mood and magni-
tude of startle potentiationfattenuation across the three geno-
types, after controlling for baseline startle, are shown in
Supplementary Table 53, Greater levels of startle potentiation to
the unpleasant IAPS were predicted by higher alertness and lower
pre-test anxiety in the GG homozygotes suggesting that this was
an adaptive response related to non-anxious, post-instructions
amusal. In the AA group, however, greater levels of startle
potentiation and lower levels of startle attenuation to the
unpleasant and pleasant IAPS respectively were predicted by
higher pre-test alertness and anxiety, suggesting that affective
startle reactivity in these individuals was related to their anxious,
post-instructions arousal, thus supporting a maladaptive nature
for the observed pattern of startle reactivity in this genoty pe. Post-
test anxiety correlated negatively with both startle potentiation
and attenuation in the AA group, suggesting that sustained distress
expressed as high post-test anxiety relates to reduced affective
startle reactivity to both affective stimuli in this genotype.

4. Discussion

This is the first investigation of the effects of the CACNAIC
rs1006737 varant in affective startle modulation by IAPS stimuli,
which revealed a rich and novel but complex set of data.
Individuals homozygous for the risk A allele presented with a
highly anxious arousal and negative affect to the experimental
context, highly negative affect with much reduced amusal after the
experiment, they had attenuated startle reactivity to the pleasant
pictures, and rated the emotional IAPS pictures as less arousing.
Contrary to prediction, they did not present with attenuated
baseline startle or attenuated startle reactivity to the unpleasant
pictures which in fact, was exaggerated; however, within the AA
group only, sustained contextual negative mood predicted reduced
baseline startle and startle reactivity to both affective valences.
Our study suggests a recessive model for assodation of A allele
with startle modulation in healthy individuals. These results
cannot be attributed to demographic or IQ differences, smoking
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habit or baseline state mood on the day. Although our study design
does not allow us to measure directly the neural engagement, itis
of note that IAPS pictures activate areas involved in emotion
processing and regulation e.g. the amygdala, posterior hippocam-
pus and ventromedial prefrontal cortex [1], which ovedap
significantly with regions of altered morphology or function in
neuroimaging studies of CACNAIC rs1006737 risk allele camiers
[7.3856,74].

The significant post-instructions elevation of state anxiety and
discontentment in AA homozygotes suggests that these individu-
als are sensitive to such contextual factors as verbal instructions,
novelty and antidpation. This is in line with previous associations
of the Aallele with high neuroticism and introversion, personality
traits that are long known to be sensitive to context conditioning
[23,32]. This sensitivity is likely to include genetic components,
and it is interesting in this respect that in the AA group, pre-test
anxiety and (pre- or post-test] discontentment had dissociable
profiles of correlations with startle reactivity (anxiety increasing
and discontentment reducing startle reactivity - see discussion
below) and the significant post-testing drop in alertness in AA
individuals was unrelated to their pre-test alertness, in contrast to
the other genotypes; this can hardly be a power issue given that
most highly significant correlations were observed in the smallest
AA group. Instead, it may signify potentially different mood and
arousal neural mechanisms operating at post-test in this genoty pe;
low arousal after mental stress has been described in depression
[37), and indeed AA individuals may have been in a depression-
equivalent state at post-test (sustained discontentment, anxiety,
low arousal ). Given that context sensitivity has been identified as a
core characteristic of mood and anxiety disorders [30,48], the
mapping of fear and contextual responses on amygdala/hippo-
campal processing [ 24,43 44] and the relevance of the latter to the
effects of the risk CACNA1 Cgenotype([7,21] and discussion below),
the contextual sensitivity of AA homozygotes is a potentially
important finding which requires further exploration with more
specific context manipulations.

The A allele homozygotes had lower levelsof startle attenuation
to pleasant IAPS, a pattemn previously described in depressed
patients [2,60], consistent with their general unresponsiveness to
pleasant stimuli [59,70] and their clinical deficits in motivational
behavior [4]. The exaggerated reactivity to the unpleasant IAPS
observed in AA subjects is consistent with anxiety or negative
affect [14,71] but also with the negative potentiation model of
depression [10]; this isinspired by clinical chservationsof negative
affect and cognitions in depressed individuals [ 5], the conceptual-
ization of heightened affective negativity as a common distress
factor of depression and anxiety disorders [13] and the observation
thatanxious personality traits are a common vulnerability factor of
both anxiety and depression [66]; this model receives experimen-
tal support by neurocognitive evidence of enhanced fear condi-
tioning [52], hyperactive aversive emotional responding [20,22]
and increased defensive startle reactivity to personal threat in
depression [33]. The above taken together suggest that healthy
homozygous individuals for the risk A allele for major depression
and bipolar disorder are sensitive to contextual aversion which
leads to a reactivity pattern akin to a mixed anxious/depressed
phenotype. This phenotype reflects the non-specific anxiety/
depression psychopathology that often precedes the formal
clinical disorders associated with this gene variant.

Our AA subjects did not present with the predicted blunted
baseline startle and affective startle reactivity; this pattern has
been described in severe anxiety and affective disorders
[2,27404954] and is consistent with the emotion context
insensitivity model of depression, which views depression as a
state of adaptive disengagement from the environment that
prevents any action [51]. One possible interpretation is that our

healthy, non-symptomatic AA individuals could be relatively
depleted for mood disorder susceptibility genes. More likely,
howewver, is the possibility that the full blunted startle phenotype
evolves as a consequence of dinical or subclinical episodes of
affective illness which our young and healthy AA subjects did not
have the chance yet to develop. On the other hand, the possibility
should be considered that the observed lack of baseline startle
attenuation in the AA group could be the result of heightened
contextual anxiety operating to raise baseline startle from its
hypothesized attenuated levels. This is supported by the positive
correlation between pre-test anxiety/arousal and baseline startle
in the AA group and previous findings of aversive context
conditioning leading to increased and persistent startle increments
especially in subjects reporting higher state anxiety [ 71]. Nonethe-
less, in keeping with our blunted startle reactivity hypothesis, and
a hypothesized continuum from genetic risk status to the severe
clinical (blunted) startle phenotypes, is that sustained negative
affect (discontentment and post-test anxiety ) within the AA group
only was associated with reduced baseline and affective startle
reactivity. The affectively modulated startle per seis nota heritable
trait [72] but fear conditionability may well be [36]. Therefore,
longitudinal examination is necessary to determine whether these
physiclogical response profiles in our AA individuals precede
disorder onset, as stable context-dependent dispositions in
affective reactivity or evolve with time or discrete illness episodes
from the current anxious/defensive to the more severe non-
reactive startle phenotype. Future research should also evaluate
the association and role of the A allele in disorders of context
sensitivity and unstable affective reactivity such as borderline
personality, some forms of anxiety disorders and PTSD for which
there is some evidence for similar startle findings as those
described here for our AA group [19,34,46]. The AA homozygotes
may be at an increased risk for high affective or context reactivity,
distinct from mood disorder susceptibility and this possibility
cannot be entirely excluded.

We did not find significant differences in subjective valence
ratings for the affective pictures, which indicates that genotype
groups attributed similar emotional salience to these stimuli.
However, compared to the other genotypes, the A allele homo-
zygotes appraised the pleasant and unpleasant but not the neutral
pictures, as less arousing and this specificity to the affective
pictures argues against a general peculiarity in the way these
subjects appraise along the arousal dimension. This pattern is
consistent with low emotional arousal in depression [35], fits
exactly with IAPS rating data from depressed patients [ 47] and was
mediated by their depression-equivalent mood state post-testing
(ie. high discontentment-low alertness). This appraisal pattern
would predict reduced startle reactivity (A scores) in the
unpleasant condition for the AA group, which is at odds with
their physiological findings. Moreover, the correlation pattern
showed that the AA homozygotes who appraised the pleasant
pictures as least arousing, had the most adaptive response Le. the
greatest startle attenuation, to those pictures, and vice versawhich
is counterintuitive. Given that the SAM ratings took place at post-
test, these counterintuitive relationships in AA individuals could
reflect an adaptive emotional regulation strategy iLe. control of
their aroused emotion by minimizing its impact in their self-
ratings; alternatively, it could reflect deficiencies in identification
or expression of emotion in this genotype, consistent with high
alexithymia in conditions assodated with the CACNAICrisk A allele
[12,2639,45] and with different IMRI patterns of activation during
positive or negative but not neutral IAPS pictures in high versus
low alexithymia individuals [18]. These interpretations are not
mutually exclusive and require further investigation: they could
both reflect self-stabilization, consistent with the anxious and
introverted profile of healthy male AA homozygotes [63] and an
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anxious, low risk taking and self-stabilizing phenotype in CACNAIC
knockout mice [17].

We found that in healthy males homozygocdity for the CACNAIC
risk A allele leads to context sensitivity and startle reactivity akin
to depressed/anxious states with emotional appraisal difficulties,
possibly of an adaptive self-stabilizing nature. These findings
require replication while limitations of the study are the lack of
fernales and the small number of AA individuals which raises the
possibility of type | error, although the convergent nature of our
findings argues against this. Our findings provide phenotypic detail
of CACNATC AA genotype at a pre-symptomatic illness stage, which
further the understanding of the initial unspecific risk phenotype
associated with this pleiotropic risk genotype. The current dataset
has face validity primarily for affective disorders and constitutes a
useful starting point for longitudinal designs in early intervention
clinics.
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1. Introduction

The startle reflex is a ubiquitous, cross-species reflexive
response to abrupt and intense stimulation. It consists of a rapid
striated muscle contraction designed to facilitate the flight reaction
andjor to move the organism away of an unexpected threat. The
reflex is subserved by a well defined neural circuitry whereby affer-
ents from the cochlea, trigeminal nucleus, and vestibular nuclei
reach the caudal pontine reticular nucleus (PnC, the center of the
reflex), which then projects to motor areas of cranial nerve nuclei
and the spinal cord { Koch & Schnitzler, 1997). As the vestibular and
trigeminal nuclei are also activated by vestibular and tactile stimuli,
respectively, and the vestibulospinal tract converges with the retic-
ulospinal tractin the spinal cord, a cross-modal processing of startle
stimuli occurs at this level (Li, Steidl, & Yeomans, 2001). The startle
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reflex is straightforward to elicit, record and quantify in the ani-
mal and human laboratory using similar stimuli and techniques.
The most common technique is startle elicitation following short
and abrupt acoustic stimuli of high intensity (acoustic startle reflex
— ASR), although visual or cutaneous stimuli have also been used
successfully to elicit startle. In all modalities, the startle response
is modulated by the duration, the intensity and the rise time of
the stimuli. Although electromyographic recording of the activ-
ity of the orbicularis oculi muscle is the most employed technique
for assessing the startle response, other effective procedures have
also been suggested (e.g. eletrophysiologic recording of the eyelid
and direct recording of eyelid movement; for review, see Berg &
Balaban, 1999).

The ASR shows interesting forms of regulation, which are of
great relevance to psychiatric research. For instance, the ASR to
a sudden intense stimulus (pulse) can be inhibited by a preced-
ing weak sensory stimulus (the prepulse], which is presented
30-500ms before the startling stimulus (Graham, 1975), a phe-
nomenon known as prepulse inhibition (PPI). PPI is observed with
both discrete and continuous prepulses, it increases with higher
prepulse duration and intensity and the optimal prepulse-pulse
interval is around 100 ms for both humans and animals (for review
see Blumenthal, 1999). PPI is thought to reflect “sensorimotor
gating”, a form of central nervous system inhibition wherein dis-
tracting sensory information is filtered out during the early stages
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of processing (Braff et al., 1978). Deficient PPI is a surrogate mea-
sure of psychosis in animal models and a candidate endophenotype
for schizophrenia (Calkins et al., 2007) with significant applica-
tions in schizophrenia research (Roussos, Giakoumaki, Adamaki,
& Bitsios, 2011a; Roussos, Giakoumaki, & Bitsios, 2009a; Roussos,
Giakoumaki, Adamaki, Georgakopoulos, et al., 2011; Roussos et al.,
2006). Prepulse facilitation (PPF) refers to the enhancement of
startle magnitude when the inter-stimulus interval is either very
short (<30ms) or relatively long (>500ms) (Graham, 1975). PPF
at long inter-stimulus intervals is thought to reflect an orien-
ting response to incoming information (Graham, 1980) and has
been found deficient in schizophrenia patients (Ludewig, Geyer,
& Vollenweider, 2003) and their unaffected siblings (Wynn et al.,
2004). Also, the potentiation of startle magnitude by conditioned or
contextual threat, has become a translational psychophysiological
paradigm, particularly useful in the study of normal and patho-
logical fear and anxiety in experimental animals, healthy human
subjects and patients with psychiatric syndromes (Grillon & Baas,
2003 ). Finally, startle enhancement or attenuation when the reflex
is elicited in the presence of affectively unpleasant or pleasant
experimental conditions (usually pictorial stimuli) has been termed
“affective startle modulation™(Lang, Bradley, & Cuthbert, 1990} and
has become a prominent methodological tool in the study of human
emotion and its disorders. This pattern of startle modulation has
been observed regardless of the modality of the startle probe but
the degree of modulation depends on laterality, the duration of the
affective stimulus and the time point of startle stimulus delivery
after picture onset (for review, see Bradley, Cuthbert, & Lang, 1999).

‘While the ASR regulation from early attentional processes and
internal affective/motivational states has been exploited in fruitful
translational psychiatric research over the last twenty years, rela-
tively little research efforts have been allocated to startle reactivity
or ‘baseline” startle in the absence of any experimental manipula-
tion. While startle magnitude shows very large between-subject
variability, it is highly heritable (Anokhin, Heath, Myers, Ralano,
& Wood, 2003; Hasenkamp et al., 2010) with considerable con-
sistency within subjects across time (Larson, Ruffalo, Nietert, &
Davidson, 2000). It is possible that individual differences in base-
line startle reactivity may reflect activity of its regulatory brain
structures (e.g. limbic) due to constitutional factors. Subjects with
lowjundetectable startle are usually excluded from startle studies
but few reports not confounded by this factor (see Quednow et al.,
2006 for a discussion of this point), showed reduced startle reac-
tivity in healthy, high sensation seeking Asians (Swerdlow, Talledo,
& Braff, 2005), and high novelty seeking Caucasian males (Roussos,
Giakoumaki, & Bitsios, 2009). Interestingly, the low startle healthy
Caucasian males in the study of Roussos, Giakoumaki, and Bitsios
(2009 were carrying the long DRD4 variable number tandem
repeat (L-DRD4 VNTR) polymorphism, which is implicated in sen-
sitivity to reward and disorders with dysregulated affect and
impulsivity (Roussos, Giakoumaki, & Bitsios, 2009). Consistent with
the above, one study found reduced or entirely absent startle reac-
tivity in psychopaths (Herpertz, Werth, Lukas, et al., 2001}, while
our group found reduced startle reactivity in remitted bipolar dis-
order (BD) patients and their unaffected siblings ( Giakoumaki et al.,
2010). One way of better understanding such constitutional factors
underlying reduced startle reactivity in patient populations, is to
examine cognitive and affective correlates of startle reactivity in
healthy subjects devoid of the confounds of medication, presence
of symptoms and the brain effects of chronic psychiatric illness.
Learning about cognitive and emotional correlates of startle reac-
tivity may advance our understanding of both startle reactivity
and the disorders characterized by reduced startle. We therefore
used our LOGOS cohort of healthy young males in Heraklion, Crete
(Roussos, Giakoumaki, Adamaki, & Bitsios, 2011) to explore poten-
tial differences in personality traits and cognitive profile between

subgroups with high, intermediate, low and bluntfundetectable
acoustic startle reactivity. Based on the literature cited above, we
hypothesized initially, that low reactivity subgroups would present
with the highest levels of sensitivity to reward. Given that startle
reactivity deficits may emerge with the onset of acute psychosis
(Quednow et al., 2008) and reduced startle has also been found in
schizophrenia patients (Quednow et al., 2006), we also hypothe-
sized that low reactivity subgroups would present with reduced
performance in measures of executive function.

Subjects with blunt/undetectable startle have been frequently
characterized in the literature as “non-responders”, as opposed to
“responders” i.e. the rest of the population who present with some
startle response. Informal reports estimate, somehow vaguely,
that about 5-10% of the general population (and a higher per-
centage from clinical populations) are “startle non-responders”,
i.e. they exhibit startle responses on too few trials or none at
all (Blumenthal et al., 2005), in the absence of any perceptual
(i.e. auditory) impairments. However, studies vary substantially in
the criteria used for the identification of startle “non-responders™
(Table 1 in Supplementary data). These subjects are excluded from
startle studies and it is hard to know whether they represent the
low end of a continuum (weak responses which are lost in the
EMG noise floor) or a qualitatively distinct population (genuing
non-responding status). With the above considerations in mind,
we used a fairly standard session (see Section 2 and Supplementary
data) and equipment (5an Diego, SR-LAB) similar to most research
groups in the field, ensuring that recording environment, equip-
ment setup, participant preparation, and data handling were all
of sufficient sensitivity according to published guidelines (Berg &
Balaban, 1999; Blumenthal et al., 2005) to allow for any possible
very small responses to be detected. As in some previous studies
(e.g. Csomor et al., 2009; Kumari et al., 2008), we set the criterion
for response at 10V, the smallest detectable startle amplitude
on our equipment. Subjects with zero response probability in the
12 pulse-alone trials were positively defined as “non-responders”.
Subjects with too few (1-3 out of 12) and sporadic responses
which did not allow for calculation of a reliable startle were also
defined as “non-responders” (see Section 2). Moreover, in order
to confirm maximum sensitivity of the recording, we compared
the EMG activity in the first 20ms of recording between respon-
ders and “non-responders”, to exclude the possibility that lack of
startle in “non-responders” could be due to excessive noise occlud-
ing small responses. Finally, in additional analyses, we treated the
“non responders” as a qualitatively separate group distinct from all
other subjects clustered together as “responders”, to ensure that
potential differences in personality and cognition would not reflect
peculiarities associated with the strong responders rather than the
non-responders.

2. Methods
2.1. FParticipants

Participants were recruited from the first wave of the LOGOS (Leaming On
Genetics Of Schizophrenia Spectrum) study in Heraklion, Crete. The LOGOS project
recruited 1149 randomly selected Greek Cawcasian young male conscripts from the
Greek Army [mean age 22,32 £ 3.78; range: 18-29), during its first phase between
June 2008 and August 2010, The study took place between 9am and 3pm in the
medical quarters of the Military Training Camp of Candidate, Supply Army Officers
(S.EAP) in Heraklion, Crete. For this purpose, two adjacent rooms in the medi-
cal quarters were converted into laboratories, Following public presentation of the
study’s methods and goals in each consecutive series of new conscripts, all par-
ticipants willing to volunteer, had a detailed information sheet and gave written
informed consent before screening, All participants were tested on one single occa-
sion at some point during their two months military training in this establishment.

All participants had been recently screened for current physical and mental
health status by the army medical authorities and were physically healthy and free
from any DSM Axis | disorders. However, they all underwent a review of their med-
ical history, the Mini-International Neuropsychiatric Interview (M.LN.L) interview
{Sheehan et al, 1998}, urine toxicology and 1Q testing with the Raven's Progressive
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Table 1

Demographic and testing characteristics of response probability groups,
Response probability Non-responders (n= 149} Responders (n=855)

0% (n=130) 8-25% (n=19) P 50-66.7%(n=75) 75-83% (n=124) 917%(n=149) 100% (n=507) P

Valid PA trials {out of 12) [i] 1-3 6-8 9-10 11 12
Amplitude pV (mean £ 50) ] 544149 3662303 T4.0+40.1 103.1+56.8 149.5+76.5 <0.001
Baseline EMG (mean +5D) 1042+519 1077+572 =08 10.87 £ 10.74 11.43+7.03 9661517 034 £451 *0.1
Aged 214+£28 213+£31 =07 216+32 221435 225+£36 =0,052
Education 143£22 143123 =049 143+24 144124 149£25 <0.05
Raven raw score 494+£66 474480 =03 404471 506+7.1 500+77 *02
Percentage smokers® 34.62% 52.63% 02 3468% 47 B5% 4320% >0.1
Smokers: cig per day’ 149+£87 167175 =04 16.5+8.6 16.0+7.9 174178 16E£9.1 *037
SoT (winter to autumn}F 24/33/36(37 3/3j5/8 =06 13/21/18/23 26/28/29{41 39/33/28/51 111/113/110/ 168 *0.8

PA: pulse alone; SoT: season of testing.
* Non-parametric comparison,
¥ Chi square comparison,

Matrices. Eleven participants were on medication, 50 participants reported past
history of alcohol/substance use, 36 participants reported a past history of closed
head injury or neurclogical problems, Another 48 participants were excluded due
to equipment failure or technical problems during startle/ PPl recording. Therefore
1004 participants entered the study.

2.2, Procedures

The study was approved by the Ethics Committee of the University of Crete,
the Executive Army Bureau and the Bureau for the Protection of Personal and Sen-
sitive Data of the Greek State, Startle recording took place in a soundproof room
between 09.30am and 01,00 pm to avoid diurnal effects on startle reactivity (Miller
& Gronfier, 2006). In agreement with the military premises administration, partic-
ipants were free of military duties on the morning of the testing and had a good
night's rest on the day before assessment. Individuals appearing or declaring that
they were sleepy in the morning of the recording session would have to return
another day for testing, There was a 3-day period on weapons training per series
of conscripts, during their 2-3 months stay in these premises. As weapons’ training
may be a common cause of temporary hearing threshold shift (Olszewski, Mitofski,
Subkowski, Majak, & Olszewski, 2005), recardings took place throughout the year
except from the weapons' training days and the week immediately after, All partici-
pants had been instructed to maintain their normal patterns of caffeine and nicotine
consumption until the morning of the experimental testing to avoid possible effects
of caffeine (Andrews, Blumenthal, & Flaten, 1998) and nicotine (Cinciripini et al.,
2006) withdrawal on startle. Howewer, no participant was tested within 10min of
having smoked a cigarette to avoid an effect of nicotine during the testing session,

The study included recording of the acoustic startle reflex for testing of prepulse
inhibition (PP1). Pulses consisted of #0ms, 115 dB white noise bursts, and prepulses
consisted of 20ms, 75 and 85dB white noise bursts, with instantaneous risef fall
time, over 70dB background noise. Recording began with a 3 min acclimation period
when onlybackground noise was present. The recording period comprised 12 pulse-
alone trials and 36 prepulse-pulse trials. Three lead intervals were used (30, 60,
120ms; 6 trials/ prepulse- pulse trial type). All trials were presented in pseudoran-
domorder with the constraint that no twoe identical trials occurred in succession, The
inter-trial interval varied between 9 and 23 s (average 15s). The entire test session
lasted approximately 15min. All subjects were tested under identical conditions.
The PPl data are out of the scope of this paper and will be published separately, The
remainder of this paper is based on the 12 pulse-alone control startle-only trials,
which were interspersed with the prepulse trials,

To increase the sensitivity of our recording procedure, the study followed the
guidelines by Berg and Balzban (1999) and Blumenthal et al. (2005 for startle stud-
ies in humans. In detail, a commercially available electromyographic (EMG) startle
system (EMG SR-LAB, San Diego Instruments, San Diego, CA, USA) was used to
examine the eyeblink component of the acoustic startle response, This was used
to deliver acoustic startle stimuli and record the EMG activity for 150 ms (sample
interval = 1 ms) starting from the onset of the startle stimulus, whilst the raw data
was stored for later application of rejection criteria and averaging. Acoustic stimuli
were administered binaurally through headphones (model SONY MDR-VE). Elec-
tromyographic recordings were taken while subjects were seated comfortably in an
armchair and instructed to relax but stay awake. with eyes open and fixated on a
fixed point on the wall, 3.5 m in front of them. The eyeblink component of the startle
reflex was indexed by recording EMG activity of the orbicularis oculi muscle directly
beneath the right eye by positioning two miniature silver/silver chloride electrodes
{one electrode was positioned 1 cm lateral to and 0.5 cm below the lateral canthus,
and the other electrode was placed 1.5 cm below and slightly medial to the first elec-
trode) filled with Signa Gel electrolyte paste (Parker Laboratories, Inc., New Jersey,
USA) with a ground electrode behind the right ear on the mastoid (B< 10k£2); the
external diameter of the electrodes was 13 mm. Before electrode placement and in
order to minimize the impedance between skin surface and electrode gel, the area
below the eye was cleansed as per Blumenthal et al. (2005} and Berg and Balaban

(1999). Placement of the recording electrodes was such that both electrodes were
equidistant from the center of the eye and as close to each other as possible but
without overlapping. using adhesive collars (GV-ADH-RING/ 13 mm, GVB-geliMED,
Bad Segeberg, Germany). EMG activity was band-pass filtered (100- 1000 Hz) and a
50Hz filter was used to eliminate the 50 Hz interference, Before recording. the sig-
nal was checked for noise artifacts and voluntary blinks were clearly distinguishable
from the ongoing tonic activity of the musde.

Before scoring and data analysis, all recordings were rectified and then submit-
ted to a running average routine, which smoothed the digital signals recorded on
each trial over 5 successive samples, Our smoothing procedure did not undermine
the sensitivity of response detection, since the probability of detecting small or brief
responses is known to decrease substantially only with time constants longer than
10ms{Blumenthal, 1994). Following this, recordings were screened for spontaneous
eyeblink activity and missing trials. Trials were excluded if excessive EMG activity
(=20 pV) was observed during the first 20 ms of recording or when onset latencies
(defined by a shift of 10 pV from the baseline value, occurring within 20-85 ms after
the onset of the pulse stimulus) and peak latencies (the point of maximal amplitude
occurring within 150 ms from the startling stimulus) differed by more than 95 ms
as per Braff, Grillon, and Geyer (1992), The maximum absolute amplitude of the
raw EMG data (ie. the peak EMG value of the nonzero trials without subtracting
the baseline average or the voltage at onset from that peak value) occurring in the
21-150 time window of the non-rejected trials was scored offline and stored for
averaging and data analysis.

Before recording, all participants underwent a brief hearing test with an AC30
Clinical Audiometer (Kamplex Ltd, London, UK). All participants had <25-dB hearing
thresholds at 005, 1, 2 and 4 kHz. Startle amplitude is presented in pW. On arrival to
the testing room, following acclimatization, participants self-rated their moods and
feelings on a 16-item visual analog scale (Bond & Lader, 1974). As there were no
significant between-group differences, no further data are reported here,

2.3. Neuropsychological assessment

Farticipants underwent cognitive testing using the Cambridge Neuropsycholo-
gical Test Automated Battery (CANTAB). Working memary and strategy formation
was assessed with the Spatial Working Memory task (SWM), sustained attention
and vigilance with the Rapid Visual Information Processing task (RVIP) and planning
for problem solving was assessed with the Stockings of Cambridge (SoC). We also
assessed verbal learning 2nd memory [WMS-111 Word Lists task {WL)], set-shifting
and rule learning abilities [Wisconsin Card Sorting Test (WCST)], and emotional
decision making [lowa Gambling Task (IGT)]. For a detailed description of the tasks
see Supplementary data,

24. Personality assessment

All participants were administered the Revised Eysenck Personality Ques-
tionnaire (EPQ-R), Cloninger's Temperament and Character Inventory (TCI),
Spielberger’s State-Trait Anxiety Inventory-Trait Scale (STAI-T), the Carver and
White's Behavioral Inhibition/Behavioral Activation System (BIS/BAS) question-
naire, and the Schizotypal Traits Questionnaire (STQ). For a detailed description of
the scales see Supplementary data.

2.5, Stotistical analyses

Since we used 6 neuropsychological tasks, 5 personality scales and the VAS,
alpha was set at 0.00416 (0.05/12). The statistical software SPSS 19.0 (SPSS Inc,
Chicagn, IL, USA) was used for the anzlyses. Following identification of startle
“non-responders” (SNR group) we divided the startle responders into low, inter-
mediate and high responder groups (LR, IR and HR), following a tertile split on
baseline startle amplitude data, Therefore, we obtained 4 reactivity groups, We used
non-parametric ANOVAs for between-group demographic comparisons since the
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Fig. 1. Qualitative analysis of the relationship between response probability and startle responders’ tertile group membership. HR: high-responders, IR: intermediate

responders, LR: low-responders.

demographic variables were not normally distributed. We submitted scores on all
personality questionnaires toprincipal component analysis (PCA ) for the sake of data
reduction and varizbles classification and compared the 4 reactivity groups on the
resulting PCA personality factors. For each cognitive test used, multivariate analyses
of variance | MANOV As) were performed with selected key metrics as the dependent
wvariables with group (4 levels) as the fixed factor. The selected metrics were: SWM:
strategy, total between-errors, total within-errors and total double-errors; RVIP: A
B and latency; WCST: categories achieved, Milner and Nelson perseverative errors;
WL: accuracy and intrusion errors after immediate, short- and long-delay recall;
5oC: problems solved correctly, mean moves, mean initial thinking time, mean sub-
sequent thinking time; IGT; total money won and total cards picked from the safe
minus total cards picked from the risky decks. Since the F test is robust to non-
narmality, if the latter is caused by skewness rather than by outliers, any outliers
were previously identified and removed (i.e. in metrics RVIP F, intrusion errors with
immediate recall in the WL and between errors in the SWM). For each MANOWVA,
the homogeneity of variances test revealed that all dependent variables exhibited
equal levels of variance across the four groups. For each separate MANOVA, multi-
collinearity was ruled out since intercorrelations between its key selected metrics
were acceptable (zll rho coefficients <07 ). Significant group effects from the mul-
tivariate tests (Fillai’s trace), which met our alpha criterion, were followed up with
“step down” univariate ANOVAs for each selected metric of the test, Finally, usingan
identical strategy as above, we also performed a dichotomous comparison between
the SNR and the SR groups.

3. Results

The PPl data are out of the scope of this paper and will not
be discussed here. The results below are based on the 12 pulse-
alone control startle-only trials, which were interspersed with the
prepulse trials.

3.1. Identification and description of “non responders” and
responders based on response probability

All participants exhibited voluntary and spontaneous blink
activity; however, 130 (13%) participants failed to exhibit a
detectable response with our stimuli and equipment (cut-off
criterion of 10WV) in all trials (0 response probability) and
were thus characterized as definite non-responders (SNR group).
An additional 19 participants had only 1-3 sporadic responses
in the pulse-alone trials used for the calculation of baseline

startle (1 response: 7 participants; 2 responses: 10 participants, 3
responses: 2 participants). Calculation of a reliable baseline startle
was impossible for these participants with minimal response prob-
ability (8-25%; group mean: 14.5%) under the fairly standard
stimuli and equipment used for acoustic startle elicitation. There
were no differences in demographics and baseline EMG activity
from the definite non-responders and therefore, these partici-
pants were included in the non-responder group (Table 1). The
remaining 855 participants were characterized as startle respon-
ders (SR group) (startle amplitude (mean +5D): 123.03 £75.55;
min: 25.36, max: 480). Table 1 also shows the breakdown of
the SR group, in subgroups with different response probability.
It is evident that startle amplitude was monotonically increased
as a function of response probability (Kruskal-Wallis x2=272.9,
df:3, p<0.001). The highest probability group was slightly but sig-
nificantly older with more years of education than the 75-83%
probability group. There were no other differences in demographics
or baseline EMG activity between the SR probability groups.

Based on a tertile split of the baseline startle amplitude, the
SR group was divided in Low, Intermediate and High Responder
(LR, IR and HR) groups, in preparation for subsequent analyses
(see below). Fig. 1 shows a qualitative analysis of the relationship
between response probability and the SR tertile group membership.
Interestingly, equal numbers of LR participants fell into each one
of the four probability groups suggesting that within responders,
low startle reactivity is not necessarily coupled to low response
probability. High startle reactivity, however, was associated with
high response probability although several HRs had low response
probability.

3.2, Demographic comparison of SNR and SR reactivity (tertile)
groups

The SNR and the three tertile startle reactivity groups (LR, IR and
HR) were entered in the analyses. The HR group participants were
older and were educated for longer than all other group members.
There were no 10 or other demographic or baseline EMG differences
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Table 2

Demographic and testing characteristics of startle reactivity groups (“non-responders” and responder tertile groups).
Group SNR (n=149) LR (n=-285) IR (n=-285) HR (n=285) P
Startle amplitude pV (mean +SDP 0.0 5554134 1044160 201.6+659 <0,001
Baseline EMG pV (mean £ SDF 105+53 10.1+44 10453 10774 =03
Age? 214128 219+33 215433 225138 <0,001
Education® 143423 145+26 145124 152126 <0.001
Raven raw score? 492468 498475 97473 50.1+8.1 =03
Percentage smokers® 37.58% 42 46% 42 11% 43151% =06
Smokers: cig per day” 154484 17.0+88 176+88 15.8+8.1 =03
SoT (winter to autumn)® 26/36/41 /46 65/70/70/80 61/67/58/29 63/58/60/104 =04

SNR;: startle non-responders; LR: low responders; IR intermediate responders; HR: high responders; SoT: season of testing.

* Non-parametric Kruskal-Wallis comparison.
® Chi square comparison.

PCA Factor: "Sensitivity to Reward"
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Fig. 2. PCA factor "sensitivity to reward” in the SNR and startle responder groups.
Data were t-transformed ([PCA scoreX10)+50] for graphical purposes. Columns
represent group means and bars represent SEM, ***p<0.001, **p< 0,01, $p<0.086,
SNR;: startle non-responders, HR: high-responders, IR: intermediate responders, LR:
low-responders,

(Table 2). In the entire group, years of education correlated strongly
with age (rho=0.85; p<0.001), hence, age alone was chosen as the
covariate in the subsequent statistical comparison between the four
reactivity groups.

3.3. Principal component analysis of personality questionnaires

Our principal component analysis (PCA; Keiser-Meyer-0Olkin=
0.829, x*=6973.62, p<0.001) revealed five personality factors
(“Anxiety”, “Psychosis”, “sensitivity to reward”, “Impulsivity”,
“Dependency to Social Reward” - Table 3) with eigenvalues »1.00,
which explained 68.66% of the total variance.

3.4. Comparison of SNR and SR reactivity (tertile) groups along
personality and cognitive performance

Separate univariate ANOVAs for each individual PCA factor
revealed a significant group effect only for “sensitivity to reward”
(F=8.76; p<0.001, partial %= 0.03), which met our alpha crite-
rion after univariate ANCOVA with age as a covariate (p<0.001).
Fig. 2 shows that *sensitivity to reward” followed a pattern of linear
reduction from the SNR to the HR group. There were no differences
in any other PCA personality factor orin the scores of the individual
personality questionnaires (all p values > 0.1; data not shown).

The separate MANOVAs for each neuropsychological test
revealed significant group effects of the multivariate tests only
for SWM (F=2.8; p<0.001, partial 5*=0.01) and RVIP (F=4.38;
p<0.001, partial 5*=0.013) which met our alpha criterion after
taking age as a covariate (SWM p <0.004, RVIP p<0.001). Group
effects at p<0.05 were noticed for the IGT but this significance
level did not reach criterion. There were no significant effects of

the multivariate tests for SoC, WLand WCST (p= 0.1). The univariate
ANCOVAs showed that the SNR group made more “between” errors
(p=<0.001) with inferior strategy formation (p< 0.002) in the SWM
task, had reduced sensitivity to target detection (lower A"; p < 0.007 )
and impulsive responding (higher B': p<0.034) in the RVIP test.
These effects are shown in Fig. 3 which also shows that all 5R groups
were very similar to one another, with a tendency for better per-
formance in the older HR group. Because the HR group included the
highest number of participants with high (100%) response probabil-
ity (Fig. 1), we checked whether our findings could be attributed to
peculiarities associated with the strong responders, by removing 12
HR outliers or 50% HR participants with startle amplitude above the
HR group median value. There was no change in the above stated
results when HR participants were excluded from the analyses. The
results remained robust even after the exclusion of the entire HR
tertile, although personality and SWM group effects did not reach
the alpha criterion set, most likely due to loss of power.

Finally, an identical series of analyses with response probability
as the grouping factor (Table 1) and age as a covariate revealed
significant group effects for “sensitivity to reward” and RVIF only.
However, the post hoc tests revealed a different pattern compared
to that seen in Figs. 2 and 3 when startle reactivity was used as
the grouping factor; indeed, these group effects were driven by the
highest probability group (less sensitivity to reward and better RVIP
performance), with the SNR and the other responder groups being
similar.

3.5. Dichotomous comparison (SNR vs SR group)

The SNR group was slightly but significantly younger (p<0.03)
compared to responders clustered in a single SR group, but the
two groups did not differ in any other demographic variable or
basal EMG activity (all p values>0.1). Identical series of analyses
to the above revealed a similar pattern of significant results for
the multivariate tests for the SWM and RVIP (SNR worse than SR),
which survived the alpha criterion after covarying with age (SWM
p<0.003; partial 2= 0.016 and RVIP p<0.001; partial n%=0.023).
Group effects at p<0.02 were noticed for the IGT but this sig-
nificance level did not reach criterion. The univariate ANCOVA
comparisons for SWM, RVIP and the personality PCA factor “sen-
sitivity to reward” are shown in Table 4.

3.6. Correlations in the SR group

In the SR group, startle correlated positively with age (rho=0.1;
p<0.01) and negatively with the PCA Factor “sensitivity to
reward” (rho=—0.142; p<0.001), the latter relationship surviving
(p=<0.001)when the effect of age was partialled out. Startle also cor-
related positively with performance indices of RVIP (better target
detection), lowa Gambling (fewer risky decisions) and Wisconsin
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Principal component analysis of personality measures, Values represent factor laadings. Numbers in brackets represents the percentage of variance explained by the specific
factor solution,

Factor 1-"Anxiety”

Factor 2-*Psychosis™

Factor 3-"Sensitivity

Factor 4-"Impulsivity”™

Factor 5-"Dependency to

[2570%) (15.68%) to reward™ (11,00%) (8.30%) social reward” (6.00%)
STAI-T STAI-T 0.802
BIS/BAS BIS 0.590
Reward responsiveness 0.881
Drive 0.845
Fun seeking 0.699
EPQ Psychoticism —-0.550
Extraversion —-0.436
Neuroticism 0720
Lie —-0722
TCl Novelty seeking 0831
Harm avoidance 0.806
Reward dependence 0,801
Persistence Factor solution < 0.5 and this variable was excluded from analysis
Self-directedness —0.693
Conperativeness 070
Self-transcendence 0.796
sTQ Magical thinking 0.850
Paranoid ideation 0,651
Unusual experiences 0730
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Fig 3. Cognitive task performance in SNR and startle responder groups. Columns represent group means and bars represent SEM. ***p< 0,001, *"p< 0.01, "p=< 0.05, {p<0.06.
SNR: startle non-responders, HR: high-responders, IR: intermediate responders, LR: low-responders.

Table 2

Mean (45D for personality and performance measures for cognitive tasks that have met alpha criterion (p< 0.00416) in MANCOVAs with group as the fixed factor and age

as the covariate, Pvalues are from follow up univariate ANCOVAS,

SR (n=855) SNR (n=149) P

Personality PCA “sensitivity to reward” —0120£2,6 0EI7£149 0.003
Cognition Spatial working memory (CANTAR spatial working memaory)

Between Errors 1788+ 1448 251£17.15 0.002

Strategy score 3249+ 0405 3377 +0393 0001

Sustained attention (CANTAB rapid visual information processing)

A 00.925 + 0.046 00911 +0,046 0.004

B 0965009 0,983 £0.03 0.03

SR: startle responders, SNR: startle non-responders, PCA: principal component analysis, CANTAB: Cambridge Neuropsychological Test Automated Battery,
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Card Sorting tasks (fewer errors) with rho values ranging from
0.074 to 0.086; however, these results did not survive when the
effect of age was partialled out.

4. Discussion

In support of our hypothesis, we showed that reduced startle
reactivity was associated with higher “sensitivity to reward”, a
PCA Factor derived from the Behavioral Activation System (BAS)
scale (Carver & White, 1994), which measures Grey’s Behavioral
Approach System (Gray, 1994). This is a bio-behavioral system
that regulates approach motivation and goal-directed behavior
to attain rewards (e.g. Gray, 1994), with considerable evidence
supporting its excessive activation as a vulnerability trait for
bipolar spectrum disorders (e.g. Alloy et al., 2012). This was a lin-
ear relationship, the “non-responding™ group occupying the high
end of a continuum. Our findings replicate previous studies in
healthy Asian subjects with high sensation seeking({ Swerdlow etal.,
2005} and in Caucasian males with high novelty seeking (Roussos,
Giakoumaki, & Bitsios, 2009). Furthermore, we showed for the first
time that reduced startle reactivity was associated with worse
performance in measures of strategy and spatial working mem-
ory and reduced target detection with impulsive responding in
a test of sustained attention. These effects were specific to the
“non-responding” group, and persisted after removal of HR out-
liers, HR participants with a higher than group median startle or
the entire HR group; effects also persisted in a dichotomous anal-
ysis comparing the “non-responders” to all responders clustered
together in a single group. Therefore, these effects were associated
with lowfundetectable reactivity rather than peculiarities asso-
ciated with the high responders. Our results do not seem to be
attributed to 1Q, smoking habit or season of testing while small
age differences were controlled for.

While higher startle reactivity was associated with higher
response probability, probability-based stratification did not dis-
criminate well enough for performance differences in cognition
and sensitivity to reward, possibly because response probability
has less variability than startle amplitude. Another possibility may
be that the two measures are the functional outcome of partially
overlapping but dissociable and non-redundant neural circuits
(Blumenthal & Berg, 1986). In favor of this view is the allocation
of participants in reactivity and probability groups (Fig. 1), which
showed decoupling of the two measures in a substantial number of
participants. While we took every possible measure to ensure the
highest possible sensitivity of recording, we cannot be certain as to
whether some “non-responders” demonstrated a genuine lack of
response or whether responses were smaller than our equipment's
threshold (10 V) or both. Specifically designed studies with para-
metric explorations that increase startle reactivity, such as more
intense stimuli, darkness, different stimulus modalities or more
sensitive EMG amplifiers are required to answer this question.
Based on the baseline EMG activity in the first 20ms of recording,
and with our knowledge at present, we could state with some cer-
tainty that the difference in response probability was not due to
excessive noise occluding small responses. Nevertheless, our defi-
nition of non-responders was rather conservative and most likely
represented subjects frequently excluded from human acoustic
startle reflex studies.

Our findings are novel and seem to suggest that healthy “non-
responders” are in a continuum with startle responders with
regards to impulsivityjreward sensitivity but they differ dichoto-
mously in terms of working memory and sustained attention from
all other responders. Notably, these differences were small (effect
sizes explaining 1-3% of the total variance) and would not have
been detected with small samples. A handful of studies that were

not confounded by the exclusion of patients with very low startle
reactivity, have found reduced startle reactivity in schizophrenia
and prodromal psychosis patients and in patients with biporal dis-
order (BD; Giakoumaki et al., 2010; Quednow et al., 2006, 2008).
Both these disorders are characterized by working memory and
sustained attention deficiencies (Giakoumaki, Roussos, Pallis, &
Bitsios, 2011; Phillips & Vieta, 2007). It is thus possible that our
current definition of “startle non-responding” status may capture
disease related features such as working memory/sustained atten-
tion impairments. It is interesting that in otherwise healthy males,
reductions in such prefrontaly mediated functions emerge when
startle reactivity lowers below a certain threshold (10 pV according
to the present study).

Recent research addressing heritable variations in dopamine
neurotransmission, shows thatin healthy subjects, suboptimal pre-
frontal dopamine transmission is associated with reduced working
memory (Giakoumaki, Roussos, & Bitsios, 2008; Mattay et al., 2003;
Roussos, Giakoumaki, & Bitsios, 2009) and, as a result of down-
stream effects on limbic structures, lower baseline startle (Roussos,
Giakoumaki, & Bitsios, 2009) and more resilience to negative mood
(Drabant et al., 2006; Roussos, Giakoumaki, & Bitsios, 2009; Smolka
et al., 2005; Weiss et al., 2007). A possible link, therefore, between
reduced working memory, blunt startle reactivity and high sen-
sitivity to reward as evidenced in the non-responder group may
be the altered dopamine neurotransmission within frontal cortico-
striato-limbic circuitry. Consistently, very low startle reactivity
and high sensitivity to reward were phenotypic characteristics
of healthy males carrying the long DRD4 variable number tan-
dem repeat (L-DRD4 VNTR) polymorphism (Roussos, Giakoumaki,
& Bitsios, 2009), implicated in disorders with dysregulated affect
and impulsivity such as ADHD (Swanson et al., 2007}, substance
abuse (Kotler et al., 1997), and BD (Serretti & Mandelli, 2008).
Finally, transgenic mice with a humanised version of the FOXP2
gene, which controls corticobasal ganglia circuits (Enard et al,
2009; Lieberman, 2009) and is involved in the unique human
ability for language (Fisher, Vargha-Khadem, Watkins, Monaco, &
Pembrey, 1998; Gopnik & Crago, 1991; Lai, Fisher, Hurst, Vargha-
Khadem, & Monaco, 2001; Marcus & Fisher, 2003; Vargha-Khadem
et al., 1998) and cognition (Lieberman, 2009) present with higher
startle and reduced sensitivity to novelty cues (Enard et al., 2009;
Lieberman, 2009). It seems that the appearance of human cognitive
ability enabled a reduction in impulsivity/approach behaviors and
an increase in startle reactivity. These findings by Lieberman (2009)
and Enard et al. (2009) indirectly validate our results and provide an
interesting evolutionary perspective to the observed combination
of reduced cognitive ability and high sensitivity to reward/blunt
startle observed in our “non-responding” group. It is also interest-
ing, that the high responder group had attained significantly more
years of education and was the least sensitive to reward.

In the absence of perceptual impairments, which are highly
improbable here, it could only be speculated that non detectable
(i.e.<10 V), low, intermediate or high startle reactivity may reflect
respective differences in baseline excitability within the startle
reflex circuitry. Studies on neurological patients have shown that
lesions of the amygdala (Angrilli et al., 1996; Buchanan, Tranel, &
Adolphs, 2004; Funayama, Grillon, Davis, & Phelps, 2001; Kettle,
Andrewes, & Allen, 2006) and the orbitofrontal cortex (Angrilli,
Bianchin, Radaelli, Bertagnoni, & Pertile, 2008 ) dramatically attenu-
ate overall startle reflex magnitude, confirming the involvement of
these brain areas in tonic startle reactivity in humans. Most notably,
these neuroanatomic regions modulating the primary startle cir-
cuit overlap significantly with regions implicated in impulsivity
in healthy subjects (Matsuo et al., 2009) and with the structural
and functional neuroanatomy of disorders of affect and impulsi-
vity such as BD (Haldane & Frangou, 2004), ADHD (Cocchi et al,
2012), violent or impulsive Psychopathy (Boccardi et al, 2011;
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Contreras-Rodriguez et al,, 2013; Sadehetal., 2013), borderline per-
sonality disorder (De-Almeida et al., 2012; O'Neill & Frodl, 2012;
Ruocco, Amirthavasagam, Choi-Kain, & McMain, 2013; Ruocco,
Amirthavasagam, & Zakzanis, 2012; Wolf et al., 2012) and Sub-
stance Abuse (Koob, 2006; Koob & Volkow, 2010); in this context,
it is important that reduced or entirely absent startle reactiv-
ity was found in adult impulsive psychopaths (Herpertz, Werth,
Lukas, et al., 2001), children with ADHD and Conduct disorder
but not ADHD alone (Herpertz, Wenning, et al., 2001), males with
increased family genetic risk for alcoholism (Zimmermann, Spring,
Wittchen, & Holsboer, 2004), while target detection impairments,
increased sensitivity to reward and very low startle reactivity all
seem to be trait characteristics of BD (Bora, Yucel, & Pantelis,
2008: Giakoumaki et al., 2010; Linke et al, 2012} One small
study on ferales with borderline personality disorder found startle
reactivity similar to controls (Herpertz & Koetting, 2005) but psy-
chophysiological reactivity in this patient group was seriously
confounded by symptom heterogeneity, state-dependent factors
and small power (Rosenthal et al., 2008). Our results taken together
with the literature cited above, suggest that blunt startle is asso-
ciated with poor cognitive control over emotional processes in
limbic structures, which could lead to emotional disorders under
certain genetic and/or environmental circumstances. Given the
high heritability (50-70%) of baseline startle {Anokhin et al., 2003;
Hasenkamp et al,, 2010), the current findings and the evidence
cited above, it is tempting to suggest that lowjundetectable startle
reactivity might prove to be a valuable intermediate phenotype
for disorders of affect and impulsivity. However, startle has been
found to be reduced in non-affective psychoses such as schizophre-
nia and its prodrome; therefore, it is possible that the neuronal
origin of low/undetectable reactivity is multifactorial. More specif-
ically designed studies with patients and first degree relatives are
required to test the relationship between baseline startle reactivity
and disorders with primarily orbitofrontalfamygdala vs. primar-
ily dorsolateral prefrontal cortex/basal ganglia pathology (e.g. non
affective psychoses). Moreover, it seems critical for future stud-
ies to involve multi-modal assessment (for example, ASR along
with visual, tactile/cutaneous startle etc.) for establishing the con-
cept of the “non-responsive” phenotype, which would most likely
predict a failure to demonstrate startle across modalities. Finally,
future studies should include female populations, which might
help in the clarification of the mechanisms involved in the current
findings. Females have higher reactivity than males and there-
fore the likelihood for non-response may be lower. This is true
regardless of mental health status (schizophrenia patients: Kumari,
Aasen, & Sharma, 2004; healthy: Aasen, Kolli, & Kumari, 2005)
and might be related to hormonal factors since postmenopausal
women had significantly lower startle response than menstruat-
ing women (Bannbers, Kask, Wikstrom, & Sundstrom Poromaa,
2010)

Strengths of the present study include the use of a large,
ethnically and demographically highly homogeneous sample, the
relatively wide range of phenotypic assessment and the use of fairly
standard equipment and methods for acoustic startle recording,
under identical conditions for all participants. An important fea-
ture of the study was its setting; it was conducted in a military camp
where behavioral activity and environmental stimuli were largely
uniform for all participants, thus minimizing the between-subject
influence of potential confounds such as psychosocial stressors,
physical activity, sleep and dietary intake. Precisely for this reason,
however, these results could not be generalized to the general pop-
ulation of this similar age, especially since no females were tested.
On the other hand, our sample is representative of healthy young
Greek Caucasian males because army training is mandatory in this
country. As intermediate phenotypes in this cohort were selected
with schizophrenia in mind, another limitation of this study was

the relative lack of specific measures of emotional reactivity other
than the affective personality traits.

In summary, we here present evidence replicating and extend-
ing previous findings on startle reactivity being monotonically and
inversely associated with sensitivity to reward/impulsivity. We
also present first-time evidence of low/undetectable startle reac-
tivity association with reduced performance in working memory
and sustained attention. These results were based on healthy males
and blunt startle with high reward sensitivity in themselves cannot
be taken to imply the presence of pathology. Under certain cir-
cumstances (e.g. combined with certain genes or environments),
high reward sensitivity could even offer an advantage, if it affords
resilience to adversity. Our findings help to understand constitu-
tional factors underlying startle reactivity in health and should
guide future research in those patient populations where startle
reactivity is expected to be reduced or absent. It may be that low
startle reactivity is a valuable intermediate phenotype of disor-
ders of affect and impulsivity and that the “non responding” status
captures more specific disease-related features such as executive
dysfunction. Future research in high risk groups and patient popu-
lations should address these issues.
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The single-nucleotide polymorphism (SNP) rs10503253, located within the CUB and Sushi
multiple domains-1 (CSMD1) gene on 8p23.2, has reached genome-wide support as a risk
factor for schizophrenia. There is initial but inconclusive evidence for a role of this variant in
aspects of cognition. We investigated the neurocognitive effects of the CSMD1 rs10503253
(C/A) polymorphism in a large, demographically homogeneous sample of young. healthy
Greek Caucasian males (n=1149) phenotyped for a wide range of neuropsychological
measures, which have been shown to be reliable endophenotypes for schizophrenia. The risk
‘A’ allele was associated with poorer performance on measures of general cognifive ability,
strategy formation, spatial and visual working memory. set shifting, target detection and
planning for problem solving but not for emotional decision making. Most of these effects
were dependent on risk “A” allele dose, with AA and CC homozygotes being the worse and
the best respectively, while CA individuals were intermediate. Potential genotype effects in
Stroop and verbal memory performance were also suggested by our dataset. These results
underline the relevance of the risk “A™ allele to neurocognitive functioning and suggest that
its detrimental effects on cognition, may be part of the mechanism by which the CSMD1
mediates risk for schizophrenia.

Keywords: cognition; executive function; endophenotypes, CSMD1 gene, schizophrenia
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The CACNAIC gene codes for the pore-forming alC subunit of the L-type voltage-gated
calcium channel, playing an important role in synaptic plasticity, memory formation.
learning and behavior. The CACNAIC rs1006737 risk ‘A’ allele is associated with bipolar
disorder (BD), major depression (MD) and schizophrenia but clarification of its effects on
relevant endophenotypes is required. in order to understand how it affects brain function and
identify a mechanism of risk. The non-emotional verbal memory (VM) and working memory
(WM) tasks and the affective startle modulation (ASM) (targeting hippocampal, prefrontal
and amygdalo-hippocampal-limbic circuitry respectively) are such relevant endophenotypes
related to genetic risk for BD and MD (VM. ASM) and schizophrenia (WM). 194 healthy
males (GG: 111, GA: 67. AA: 16) were phenotyped for VM, WM, ASM and state mood.
Genotypes did not differ for demographic variables, IQ. WM and state mood on arrival. The
risk A allele homozygotes had poorer performance in the VM recognition phase, consistent
with encoding difficulties compared to the other genotypes. They became more anxious prior
to startle testing, suggesting higher contextual sensitivity, with an exaggerated pattern of
high startle reactivity in the unpleasant pictures, while the normal startle attenuation during
pleasant pictures viewing was less marked. These abnormalities of ASM in the risk
individuals are consistent with exaggerated and attenuated activation of their defense and
appetitive systems respectively as in anxious/depressed patients, and were predicted by poor
VM but not WM performance. The lack of effect of the risk allele on a WM task targeting
emotionally neutral cognitive processing related to prefrontal cortex and the absence of
association between WM and ASM, suggest that this gene has primary effects on
amygdala/hippocampal emotional circuitry and thus may be associated more strongly with
mood disorders than with schizophrenia.
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Introduction: Forkhead box P2 (FOXP2) encodes a transcription factor mvolved in speech and language ( 1)
and 1n the control of the corticobasal ganghia circuits (1 | 3) . There 1s also evidence supporting a role for the
FOXP2 locus m schizophrenia ( 2 ), autism ( 1 ) and ADHD ( 4 ). Language impamrment, inattention,
impulsivity and abnormalities of corticobasal ganglia circuitry are central features of these disorders; however
the impact of FOXP2 risk polymorphisms on relevant intermediate phenotypes has not yet been studied. We
selected the 151229761G/C FOXP2 non-coding polymorphism which has shown significant association with
ADHD (4) .

Methodology: This polymorphism was analyzed in 829 healthy males, phenotyped for prepulse inhibition
(PPI), cognition, schizotypy, emotional personality traits and affective startle modulation. Subjects were
grouped according to genotype 1n three groups GG (n=276), GC (n=404) and CC (n=149) and ANOVAs or
Kruskal-Wallis tests were used to analyse the phenotypic variables.

Results: The G allele carriers (n=680) performed worse (p<0.05) in Spatial Working Memory [Strategy,
Total-, Within- and Between- Errors in the difficult 8-box condition). They also scored higher (p<0.05) in
measures of Schizotypy [STQ Magical Thinking and STQ Unusual Experiences (p<0.01)] and Impulsivity
[BAS Fun seeking, TCI Novelty seeking, low scores in EPQ _lie scale]. Finally, they demonstrated a Gating
deficit as evidenced by a significant (p<0.01) 3-way interaction in the ANOVA [reduced PPI at the short
(30ms) interval with the 85dB prepulse].

Conclusions: The 151229761 G allele, which has been associated with ADHD, impacts on important
mtermediate phenotypes such as short mterval gating, working memory, strategic thinking, schizotypy and
impulstvity in healthy males. These results elucidate the function of the FOXP? gene m the human bramn and
suggest that it may be a “hub™ for pathological features (gating, cogmition, language/thought, impulsivity)
commeon to ADHD, schizophrema and autism.

Keywords: FOXP2, 151229761, ADHD, Intermediate Phenotypes, Association Study
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Introduction: Forkhead box P2 (FOXP2) encodes a franscription factor involved in speech and
language and in the control of the corticobasal ganglia circuits (1 ) . There is also evidence supporting a
role for the FOXP?2 locus i schizophrenia (2,4 ), autism ( 1 ) and ADHD ( 3 ). Language impairment,
inattention, impulsivity and abnormalities of corticobasal ganglia circuitry are central features of these
disorders; however the impact of FOXP2 nisk polymorphisms on relevant intermediate phenotypes has
not yet been studied. Here we selected the rs1358278A/G FOXP? non-coding polymorphism which has
been associated with schizophrenia (4 ) .

Methodology: This polymorphism was analyzed in 829 healthy males, phenotyped for prepulse
mhibition (PPI), cognition, schizotypy, emotional personality fraits and affective startle modulation.
Subjects were grouped according to genotype in three groups AA (n=437), AG (n=322) and GG (n=70)
and ANOVAs or Kruskal-Wallis tests were used to analyse the phenotypic variables.

Results: The GG homozygotes had more Within- and Double-Errors m a Spatial Workmg Memory
task (p<0.001) especially m the most difficult conditions (p<<0.001) (trend p=0.08 for Between-Errors), an
abnormal pattern in the Affective Startle paradigm (did not suppress startle in the pleasant picture viewing
condition p<0.05), scored higher in Alexithymia (Difficulty Identifying Feelings p<0.05) and,
mterestmgly, they showed an alexithymic profile in the Iowa Gambling Task in the absence of sigmificant
differences m this task.

Conclusions: The rs1358278G which was previously shown to be part of a risk haplotype for
schizophrenia and was associated with speech incoherence in patients, shows evidence of abnormalities in
working memory and the processing of emotional material in healthy male G homozygotes. Our results
suggest that one way for this FOXP2? polymorphism to increase risk for schizophrenia, may be through
impairments i working memory and affective processes underlying response to lingmistic, pictorial and
reward stumuli.

Keywords: FOXP2, 151358278, Schizophrenia, Intermediate Phenotypes, Association Study
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Background: Prepulse Inhibition (PPI) is a measure of sensorimotor
gating kat it is modulated by a fronto-striato-pallido-thalamic loop where
the prefrontal cortex (PFC) kai hippocampus are important nodes.
Theoretical arguments kat empirical evidence of deficient PPl in disorders
characterised by cognitive dysfunction such as schizophrenia suggest that
gating as measured by PPl is important for human cognition kat thought.
Here we explored directly the relationship between PPI kat cognition in a
large cohort of healthy males.
Methods: 721 healthy males, screened for the LOGOS study, underwent
extensive cognitive assessment kot PPl testing with 75- kat 85-dB
prepulses at 30-, 60- Ko 120-ms intervals.
Results: PPl was collapsed for each one of the three intervals across the
two prepulses. PPl at 30-, 60- kat 120-ms was associated with fewer
Spatial Working Memory (SWM) 6-box-errors (p<0.05, 0.01 kat 0.001
respectively) kot fewer Wechsler Word List (WL) intrusion errors in the
long-delay recall condition (p<0.01, 0.001 kat 0.001 respectively). PPl at
the long 120 ms interval was also associated with more problems solved
correctly in the Stockings of Cambridge (SoC) test (p<0.05). PPl was not
associated with tests of sustained attention, the Stroop test, or a
gambling task.
Conclusions: These results confirm in a large general population sample
that improved PPl is associated with superior performance in
predominantly prefrontal (SWM and SoC) or hippocampal (WL) tasks.
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Improved gating predicts better memory, working memory and complex
problem solving but it is still unclear if these results reflect causal
relationships or overlapping circuitries.
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