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IIpoiroyog

H mapovoa mruylokn epyoasio ekmoviOnke and t Anuntpa Xtepyiov, GOITHTPLO. TOVL
Tuipatog Zévev MNowccov, Metappaong kot Atepunveiag tov loviov [avemotuiov,
Kotd to akadnuaikd £1og 2020-2021. MéAn g Enttponng Enonteiag cuvetéhesay o
KaOnyntg k. Kepapidog Xotmplog, ®g Tpdtog emPAET®V Kot 1 Kabnyntpo Ko.
[Mapravod Avactacio, og devtepn emPrémovca. Oua g epyaciog amotelel n
UETAPPOOT OTTOGTAGIOTOC 0O TO SLdIKTLOKO Keipevo e titho «The Emerging
Neurobiology of Bipolar Disorder» tmv cuyypageémv Paul J. Harrison, John R.
Geddes kot Elizabeth M. Tunbridge. To mapdv keipevo mpog petdepacn topovctalet
010UTEPO UETAPPACTIKO EVOLOPEPOV, KAODS TPOKELTOL Y10l £VOL EMIGTNUOVIKO KEIUEVO,
OTPIKOVL EVILOPEPOVTOC, TO 0010 PBpibet e€eldkeLEVNG 1TPIKNG OpOLOYiag.
Edkdtepa, 10 TapOV KEILEVO TPOG LETAPPOOT) TPAYLUTEVETAL T VEVPOPLoAOYia Kot
1 GUUTTOUOUTOAOYIO TNG SUTOAMKNG SLOTOPAYNG KOL TPAYLLOTOTOLEL 10, EKTEV
avaQopd 6T GLUPOAN TOV VEDV TEXVOAOYIK®VY EMTEVYUATOV GTO TESTO TNG
TPHYVOONG, TN O1dyveong Kot T olayeiptong g omoMkng dwatapayns. H
HETAPPOOT] KOl O LETAPPOACTIKOG OYOAOGHOS £Ytvay BAGEL TNG AEITOVPYIKTG
npocéyyione ot puetdopoon g Christiane Nord. IMapaxdrto, akoiovbodv to
UETOPPUGHUEVO KEILEVO, TO TPOTOTLTO KEIUEVO, O LETAPPACTIKOG GYOAMOGUOC, TO

YAOGGAPL TOV Op®V Kot TEAOG, 1 BipAoypapia.

AEEEIG KAEWOLA: PETAPPOOT, OITOAIKT] dlaTopayn, veEvpoPloroyia, dlavrog acPestiov



Metaopaopa

H avaovopevn vevpofroioyia T1G O1TOAMKNS OLOTAPOYNS

Paul J. Harrison, John R. Geddes and Elizabeth M. Tunbridge

AutoMK1 droTopayn Kot 1 vEQ YO LOTPLKI)

H yoylatpikn eaxorovdet va otnpiletor og peydio Pabuod otig dloyveoTiKES
katnyopieg Tov 19°° awva. Avtég Bacilovtar meplocoOTEPO GE OUASES GLUTTOUATOV
Tapd og PloAoykovg deikteg evad yia T Oepameio Tovg ypMcIonTooHVTUL PAPUAKA,
TaL 0ol aVOKAADPON KAV GVYKVPLaKE apKeTES dekaetieg modlaotepa. H dimoikn
Swtapayn (AA) amotelel Evo avTITPOCOTEVTIKO TAPADELY IO VTG TNG
amOYONTELTIKNG Katdotaong. [Tapdti ) ovopacio g Exel aAddEer [Taladtepa NTOV
YVOOTN OC ROVIOKT] KaTaOAnyn], ta KOpio xopakInploTikd Kot 0 TpOTog
a&loroynong kot Oepaneiog g (HAaioto 1) éxovv arldéel erdyioto. Mo onuovTikn
o1tio Tow amd ATV TNV AdPAEVELD ATOTEAEL 1] ATTOVGI0 OVGLOGTIKNG EAENG Y10 TOL
aitio Ko TNV vrokeipevn Proroyio g, wépa amd TNV Kabepmpuévn vynin
KAnpovounowotnta g [1]. Mapdtt vrdpyovv croryeio mepi aArotwpévng SOUKNG
K0l AELTOVPYIKNG CUVOEGIUATNTOG TOL EYKEPALOL 2, 3, 4, Kab®OG Ko epl aAlaydV
GTOVG OElKTEG TOV 0EEWMTIKOV 6TPeS [S] , TG Htoyovoplakng Aettovpyiag [6], Tng
QAeypovig [7], tov kipkddiwv puBumv [8] kot tng vromapivng [9], n evomoinon avtdv
TOV TOKIA®V EVPNUATOV TOPAUEVEL OVGKOAT VITOOEST, OGS Kol 1 dtdkpion peta&d
TOV OUTIOAOYIK®OV OAAAYDV KOl EKEIVOV TTOV gival dVTEPEVOVGOG CNUAGTIOG Y10l TN

dwoTapayn kot T Ogpaneio .
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IMlaicwo 1

Autoln) owrapayn: "Evag kitvikog 061y0g

H xloaokn ewova g AA glvat 6oy pio TpOTOTOUEVT NLULTOVOELON
KOULOTOUOPOY, e TN 01d0eom va kupaivetor peta&d ensicodiov EEapong g o1abeong
(navia) ko KatdbAyng, evarllacooueva e Teptodovg evbuvpiog. O aptOudc kot
OlapKeln TOV EMEGOOIMV 0€ KAOE pdom ¢ 01d0eong dapépovy actntd petald tov
atopov. QoTd00, Y10 TOVS TEPIOTOTEPOLS 0sOevels, Ta KoTaOMTTIKA £TEIGOdI0 ETvar
0 TOPOTETAUEVE KO E0BVVOVTOL GE peYdAo Babud yio ) voonpdtta TG
dSwTapaymg.

Ta katabMnTiKG ene106d10 6T AA givor og peydio abuod mapdpolo wg tpog
™ eOon Kot T coPfapdTTd TOVS e eKEIVa TNG «KAACTKN G KatdOAwymc. Eva poaviakd
enelc6010 mepthopPavel Oyt povo onuavtiky £Eapon g 61a0eonc, AL Kol GYETIKEG
aAAOYEG OTN GUUTEPLPOPE, OTMG LELWUEVT] AVAYKN Yo DTTVO, QVENUEV
EVEPYNTIKOTNTO, LEYOAOTIPETEIS OKEYELS KO TETOIONGELS, OKATATAVGTT OLUAL,
aLENUEVN MUTTIVTO KOl OTEPICKETTI GLUTEPLPOPA. (T.Y. AKPITEG OYOPES). XE GoPapd
eNEGO010 dvvaTaL £iong va eKdNA®OOVV Kol YuywTikd cvpntopato (Tapoicnoelg
Kol yevooustnoeig). I'a mapaderypa, To AToHo UTopel va TGTEVEL 1) VO AKOVEL POVES
VO TOV AEVE TG £YEL LITEPOLVAELS (Ko pmopel ev cuveyeia va mpdéel avaroya). H
COTOLLOVIOY AOTEAEL L1aL TTLO MTTLOL KOL ALYOTEPO TOPATETAUEVT Lopen paviac. Tao
axpiPn kprmpta e&aptavtar omd 1o ekdotote cvotnua tavounong (ICD-10 7
DSM-5) mov ypnowonoteitol. To teElevtaio cOGTNUA TPAYUOTOTOIEL TN SLAKPLOT TG
AA og dutohkn drotapoyn tomov I ko durtodkn drotapoyn tomov 1L [Tapott dev
amoTEAEL LEPOG TOV SLAYVOOTIK®OV Kprtnpiov, o agtoonueiotn troyn g AA
GUVIGTA 1] YVOOTIKT EKTTMOOT), 1| 0TToia £IvVOiL TOPOVGO GTO TPADTO ENEIGOOI0 KOl

TOPapEVEL Katd TN Odpkela e evbupiog. Ot topeic mov ennpedlovtal TEPICCOTEPO



glvol 1) IPoGoYN, M TOYVTINTA TG YVOOTIKNG EMeCepyasiog, N AEKTIKY Labnomn Kot
gvepdoeta. TovAdyiotov ot picol ek Tov acbevav pe AA mhoyovv eniong omd pa
ayx®on otatapayn M datapayn ypnong ovclov. Ot aceveic, Tomikd,
dlayryvookovtol tepimov oty nAikia twv 20 etdv, epOcov Exovv ekdnAwOel
TPOOPOLO CLUTTAOUOTO, EVD 1 OVCLUCTIKT EVOPEN TPOYLOTOTOLEITOL GLYVE GTNV
epnPeta. O 160610 emmoracog e AA givan mepimov1% kot av ypnoponombei o
€uPUTEPOG OPIGUOG TOV PACRATOG TNG OWTOAKN S draTapayns ayyilet to 4%. Ot
petloveg mapdyovteg Kivouvou givar yevetikol (mpPA. kKupimg Keipevo), otdc0, poAo
SwdpapatiCovv kot ot TEPPUALOVTIKOL TAPEYOVTES, GUUTEPIALUPOVOUEV®V TOV
avtigoottov ¢ Todkng nikiog. And tovg acbeveic pe AA, to 10% avtoktovet,
YEYOVOG TO 0010 G€ GLVOLAGHO pe TNV avENUévn Bvynodmta amd PvoKd aita,
LELOVEL TO PEGO TPOGOOKILO (NG Katd mepimov 15 &t

H Bdaon g Bepaneiog g AA givar appokoAoyiky|, pe dhata Abiov 1)
BaAmpoikd vATP10, TO AVIIEMANTTIKO GAPLOKO TOV XPNCULOTOLELTAL Y10 TPOPVAAEN).
[Mo ™V avTETOTION TV EXEGOdIMV TNG S1AOECTG YOPTYOUVTOL OVTIYLYMGIKJ,
AVTIKOTOOAMTTUCG KO AVTIETANTTIKO QOPLLOKO. ZNUOVTIKO DVTOGTNPIKTIKO pOAO
TapEXOVV EMIONG 1 YVUYOEKTOIOELON Kot 01 YuyoAoykég Bepameiec. Odeg o1 chyypoveg
Bepaneieg elvan mEPLOPIGUEVIG OMOTEAEGUATIKOTTOC, EVA TO QAPLLOKO, LITOPOLV VoL

TPOKAAEGOLV GOPapEg avemBuUNTEG EVEPYELEG.
H yovidropotikn TG oumoMKg oratapayns

"‘Eva mondi pe évav mposBePAnuévo yovéa dtotpéyetl mepimov d0eKamAGG10
Kkivouvo va avarmtdcet T AA Kot o1 PEAETES OOV U®V EKTILOVY KATPOVOUNGIUOTNTO
™ tééng Tov 0.7-0.8 [1]. Aev vrdpyovv anodei&elg mepi PevOEMKNC
KAnpovoukotnrag | mepi yovidiov peilovog enidopaons. Aviifétms, dmmg Kot Yo Tig

TEPLGGOTEPES YLYLOTPIKEG OLATAPOAYES, VILAPYOLY TOAAATAOL YEVETIKOT TOTTOL


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5755726/#bib0005

gumadelog, o Kabévag Le Pikpn eniOPo, TOVG 0TOI0VG 01 LEAETEG EVPETNG
YOVISIOUOTIKAG cvoyétione (genome-wide association studies, GWAS) éyovv poiig
apyicetl va tavtomolovv. Mepikég GWAS ko PeTa-avaADGELS TOVG
npaypoatorotovvrol and 1o 2007. Ta peyédn T@v cuvOLAGUEVOV SEIYUATOV
TOPAUEVOLV LIKPE, COHVa [e Ta TpdTLmo Tov GWAS, evod avapévetot va
tavtomonBovv meplocdTEPOL YeEVETIKOL TOTOL. [Ipdypartt, n emepyduevn avdivon g
Kowomnpa&iog Yoyratpikng Novidiopatikng, mov meptrappavel mdve and 20.000
acBeveic pe AA kot 30.000 pdptupeg, Tavtomotel 19 onpavtikovg yeveTiKovg TOTOLG,
coumeptiappavopévov 12 véwov. Ta apyud dedopéva amd v aAiniolyion
€EOVIMUOTOG KO YOVISLDATOG DITOOEIKVDOLV OTL Kol 01 GTAVIEG PAAPEPES TapaAlaryEg
TV Yovidiov dtadpapatilovv poro yio pepkols acbeveis pe AA, Op®c 1 TowtdHTHTO
K0l 1] GUVOAIKT] TOVG GLUPOAN 0T droTapayn Tapapével adtevkpiviotn 12, 13, 14. H
AA Tapovctdlel PIKPT KMVIKOYEVETIKT ETEPOYEVELL GOUPMVL, Y10 TOPAOELYLLOL, LLE TOL
Kuplopyo CoUTTOUATA 1} LETOED TOV VTOTVTOV TNG OTOAIKTG SLATAPAYNG, TOTOV 1
kot Tomov II [15]. TTapora awtd, eAdyloTtes ivor Ot amodei&ELS Y10, GUYKEKPUEVA
yovidia mov TpokaAovv T AA. Ot cuALoYIKES avarvoelg Tov GWAS voomAdvouv
ONUAVTIKEG OLOOTNTEG PLETAED TMOV YEVETIKAOV TOT®MV KIvOUVODL Y T AA Kot NG
oyloppéveln [16], OTmg emiong Kot pio GNUOVTIKY dAANAOETIKAAVYN e GALES
petloveg yoyatpucés dratapayés [17] Kot Toug EVOLAUESOVS POVOTOTTOVG TOVG,
GLUTEPIAQUPOVOUEVOV TOV KIPKAOI®OV YopaKTnplotik®v 18, 19. Mia dtapopd petali
oyloppévelong kat AA givar 6Tt otV TEAevTaio 1 ToKIAOpOpPio TOL aPtOov
avTlypaeov givatl moAd Ayotepo yvootn [20].

[Tapoti ) yovidiwpatikn g AA Bploketon o€ TpdLa GTAS, £YOVV EEKIVIIOEL
TPOCTADELES Y10 TNV KOTAVON O™ TG PLOAOYIKNG BACTG TOV GUGYETIGEWV TOV £YOVV

tavtonom el péypt onjuepa. To evolapépov Exetl emkevipmbel oe dVO Yovidla
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(CACNA1LC xou ANK3) g&outiog Tng om vIapyovcas yVOonS ovapoptka LE TIG
Aertovpyieg Toug. To CACNALC avalveton Aentopepdc mopakdto. To ANK3I
Kwokomotel v aykvpivn G, 1 omoio cLVIEEL TAGEOEAEYYOUEVOLS OLOOAOVS VATPiOon
TOV VELPAEOVA. LLE TOV KVTTAPOOKEAETO Kot £YEL POAO GTOVS OEVOPITES KoL TN YAoiaL.
‘Eva dAho yovidio kivovvov, 1o TRANKI, mepiéyet moALamAEG TEPLOYES EMAVAANYNG
™G ayKLPIvIG, TPAYLLO TOL VTOONAMDVEL LEPIKEC KOVEG Aettovpyies. Me kevipikd
GdEova Ta GLYKEKPILEVO YOVIOLO KIVOLVOD, EXOVV TporyLOTOoTomBel o1 TpdTEG
TPOCTADELES Y10 TNV TOVTOTOINGN TOV LOVOTOTIOV TTOL ENXNPEALOVV.
Xpnowomoumvtog dedopéva oo téooepig GWAS, ot Nurnberger et al. [21] avépepav
¢E1 povomdtia T omoia mwapovsialay exavaiappavopevn cuoyETion pe ) AA,
GUUTEPIAQUPAVOUEVIC TNG ONUATOSOTNGNG YAOLTALLVIKOD 0EE0C Kot acPeatiov, TV
OEVTEP®V AYYEALOPOPWOV KOl TOV OPLOVAV. ZVUVOAKE, 0vTd TO EVPHLATO
vrootpilouv v mhavotnTa 6TL N AA amotelel, TOLAYYIOTOV €V PEPEL, L0 LOVTIKT|
dtwromdBeta [22], otnv omoia oNUavVTIKO pOAO £YEL 1| AMOKAIVOLGO ONILOTOOOTN O

acPeotiov [23].

H onparoddtnon acPeostiov otn dumoiwkn) dwrapayr): H odvoeon g

YEVETIKIG, TG Ta.00QUGL0L0YI0G KoL TNG OgpamevTIKNG

H dwatapayr tov acPeoctiov epumiékerol €0 kot koapod otn AA, couemva
Kuplmg pe peAETEC €X VIVO og KOTTOpa TToL Tapdnkay and acbeveic ko paptopes. Ta
EVPNHOTO OLOPEPOVY, OUMG GE YEVIKA TANIGLO VTTOONADVOLY OTL O LETPNGELS TNG
€VOOKLTTAPLAG GNHOTOdOTNONG 0GPecTioON eivan VYNAOTEPEG 6T AA, 181w KaTOTLY
oéyepong. Ot avoparieg eppaviCovior og peydro Babuod aveEaptnteg amd v
€KAoTOTE Kotdotaon g o1dbeong (onA. oyetilovion meplocdTePo LE TaL
YOPAKTNPIOTIKA TOPA LE TNV KatdoTtaot ¢ 01dbeonc). EmmAiéov, e€acbevodv pécw

Tov MBiov, 10 omoio ypnoponoleitar yia tn Oepomeio tng datapaync (Miaicto 1).



[Tapd ™ peydAn afefordtnta, oVt To EVPNLATE 0O YNNGV GTOVS AVIUYMVICTEG TMV
TacE0EAEYYOUEVDV dlo0AmV aoPeotiov (Voltage-gated calcium channels, VGCC)
tomov L. Avtol ot avtaywviotég, mov eiyav non evoei&elg yia ) otnOayyn kot v
vIEPTaoT, ekTin@vTol yio T Ogpameio g AA [25]. "Exovv eniong eleyybei [26]
OVTIETANTTIKA QAPLOKA, OTWG 1) TPEYKOUTAAIVY, TOV dpa. LEGH TMOV VITOUOVAOWV 0120
tov VGCC ([Aaiocto 2), evd ) Aapotpryivy, £va GAAO aVTIETANTTIKO QOPLOKO TO
01010 EVOEYOUEVMG AMOKAEIEL TOVG d1AOVG aoPeatiov peTabd Twv O1dpopmy

dpbdoewv tov, anotedel (o amoteAeopatikn Oepaneio yio T SuroAkn KatdOiwym

[28].

ITAaicwo 2

Ta yoviorwe tov VGCC, o1 160pop@Eg TOVG KOl 1] 6Y£61] TOVS 6T1] OUTOALKN

owrapayn

H tavtomoinon cvykexpipuévov VGCC, ot onoiot £govv peyaidtepr cuvagein
pe ) AA, amotekel pio onpovtiky tpodkAno, Kabmg Ta yovidld toug mapdyovy pa
gvpeia Tokilopopio Aettovpyikdv dovimv (mov ovoudlovtat dicwiotl Cay) 96, 97.
01 VGCC anotedovvtot omd ToAAATAES VTOLOVADES, 1| Kabeio K TV OToimV
Kodtkomoteitat amd £va yovidlo Tov aviKeL GE Lo VTTOOIKOYEVELL EEXMPIGTAOV
yovidimv. O1 1010t TEeg TV 0k EEYMPIETAOV LITOLOVASWV ol (ToL K®WdKOTOLoVVTL
amo v owkoyévela yovidiov oo CACNAL) e€aptadvtar amd Tic fondntikés
VIopOVAdES oTig omoieg iva vrrokeipevo (Ewdva I). Ot kdpieg fondnrikéc
VIOHOVAdES gival ot vopovades B (mov kmdikorotovvtot amd too CACNB1-4) kot ot
20 (mov kwowomotovvtat amd To. CACNA2D1-4), o1 omoieg givar amapaitnteg oTig

neploc0TepeG TEpT®oelg [98]. Ot suyypovor avtaywvietég tov VGCC umhokdapouvv
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ToVG O1vAOVE TUTTOL L. Tal avTIomoo Lmdtkd/avalynTikd eaprako TpeyKopmTaiivn

KO YKOUTOTEVTIVY £ivor Tpoodéteg twv a2 [30].

Kda0e yovidio mapdyet TOAATAEG IGOHOPPES, ONUOVPYADVTOG ETCL LEYOADTEPN
nmowtlopopoio Tov Stavimv. To MRNA tov avBporivov CACNALC €xet tovAdyiotov
50 e&mvia kot whve amd 40 TpoPAETOUEVES IGOUOPPES (TTOV TPOKVATOVY OO TOVG
UNYOVIG oS TG HETAYPaENS Kot Tov paticpotoc). To pdricpa tov CACNALC
TAPAYEL LIGOUOPPES SLA®V, 01 0Ttoieg EKPPALOVTOL GTOV EYKEPALO SLOPOPETIKE O
OTL OTNV KOPILd KOt EXOVV SLOPOPETIKES PLOPLGIKEG 1O1OTNTEC, CLUTEPIAAUPAVOUEVDV
TOV YOPOKTNPIOTIKOV EAEYYOVL NG Tdong [97]. Eva dAlo yopoktnplotikd mov
emnpealetar and 1o pATIGHa Etvat 1 vacOncio TV IGOUOPPDV GTOVG VITAPYOVTESG
avtoyoviotés Tov VGCC [98]. Avtd vrodnidvet T SuvynTikdTnTo TG ETAEKTIKNAG
GTOYELONG TAPAAAAYDV TOV LATIGUOTOS, O1 0T0lEg LeGOAafOVV TOV Kivduvo
ekdMAmong ¢ achévelag Kaun ekepaloviot Kuplwg 6Tov EYKEPUAO, TOPE GTOVG
TEPLPEPIKOVS 16T0VE (1Waitepa 10 Kapdayyelakd suotnua, 6mov ot VGCC eivar
eniong aeOovor). ETot, o1 avTaymvieTEG LEYIGTOMOLOVV €V TEAEL TIG OEPATEVTIKES TOVG

SVVATOTNTES Kot TNV AVEKTIKOTNTA TOuG 61N AA [25].

Me Bdom avtég TIg EKTIUNOELS, Eival onpavtikd to va opiobel 1o €Hpog TV
VGCC mov Bpickovial 6g SopopeTKovg avOp®TIVOUS 1I6TOVE. INUovTIKO givat
eniong kat to vo tovtoronBovv ot VGCC mov ennpedlovron gite omd mapoarioy£c
kivouvou yua T AA gite amd v i01a ) AA. Q6TOG0, 01 TANPOPOPIES Yo TN
UETAYPOQIKT TOIKIAOHOP@ia TV vopovadwv tov VGCC ctov avipwmo gival
eldyoTeS, 10img g 6oV apopd Tov eyKéparo. Emmpdcoberta, kabdtt Ta Yovidla tev
vropovadmv twv VGCC eivar peydia (to MRNA tovo CACNALC, yia mapddetypa,
givon Tave amd 10 kb og mnpec uNKog), N LETOYPOPIKT SOUT TOV TEPIGCOTEPMV

1GOUOPP®V TAPAUEVEL AcaPNS. O YopaKTNPIoUOS TOV TPOPIA TV IGOLOPPDOV
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mApovg unikovg v VGCC otov avOpadmivo £yKEPOAO, CLYKPITIKA LE GAAOVG
16T00¢, KaBmG Kot 1 aEloAdynomn ekeivov TOv GALOIGVOVTAL BAGEL TOV YEVETIKOD
Kwvovvou yua T AA, givon kpiotpo TpdTo fpato, o0TOE MOTE T YOVIOL® LOTIKA
evpnuota yi 1oug VGCC va epunvevfoiv oe TaBo@ue1oAoyIké YVMOELS Kot VEOLG
otoyovg Bepancioc. O otO)0g avTdHG umopel va emitevyel uéoa amod ™ dtbeciudTTO
UEYAA®V, VYNANG TO1OTNTOG CEPOV avOpdTIVemV Postmortem eykepAaiwv Kol LEGM
TOV TEYVOAOYIK®V TPOodO®V 6T0 TTEdT0 TG aAAnAovyione tov RNA.

Ta anoteAéopaTa TOV TPOCSPATMV YOVISIOUATIKMOV LEAETOV KOTAOEIKVOOLV
caQ®MG OTL 1 EUTAOKT] TNG ONEaToddTNoNG acPectiov amotedel, TOLAAYIGTOV €V PUEPEL,
aitio yuo ™ AA [29] kot £xovv avalmrupdoel Tig Tpoonddeieg 00Tmg Mot Vo d00el
pa akpéotepn e€nynon ya ™ eUoM TV AAAOIOGE®V, KUPIDS 6101t £T61 Ba doBovV
GTOUKELD Y10, TTLO OTTOTEAEGUATIKES KO AVEKTEG PUPLAKEVTIKES oTpaTNykES [30].
Q61660, 1 AVAKAADYT TOV YEVETIKOV TOPUALAYDV amoTeAel LOVO TO TPADOTO PriLal Kot
onpovpyet mepiocdTEpa epO LT TAPd amovinoelc. H onpatoddton aoPectiov
amoteLel £VaL KATATOTIGTIKO LITOOELYLLO, TO OTOT0 OVOOEIKVIEL TIG EVKaLPIES AL Kot
TIG TOAVTAOKOTITEG TOV TPOKLITOVY OTAV Ol YUYLALTPIKEG YOVIOIWLOTIKES

aVoKaAVYELS 00N Y00V o€ TABOPLGIOAOYIKES YVOGELS Kol OepamevTikég mpoodovg 31,

32.

Ta YOVISIOHOTIKG OEQOUEVE TTOPEYOLV TNV OPETNPI Y0 TNV TAVTOTOINCT| TV
popiwv mov gpmiékovrol ot BepeAiddn «wabopuoioroyio acfectiovn e AA. Me
avtd ta dedopéva, n Tpocoyn emkevipaveTal otovg VGCC, waitepa tomov L, ko
o115 BondnTikég vTopoVAdEg TOVg (ToV K®dKoTotovvTat amd T Yovidi CACNX ,
[M\aicio 2). Onmg avapépeTot ToPaTdvm, To KOADTEPO ATOOEIKTIKO GTOLYEIN 0pOPOHY
10 CACNAILC (nov kmdikomotet tnv vropovada al tov Cay 1.2). Qot6c0, n avdivon

povoratiov vrodninvetl 0Tt poro Exovv kat to. CACNALD ko CACNB3 29, 33,



KkaBmg kot 611 dALa yovidla twv VGCC gumiékovion otn AA, Bdoel tov peketdv
onaviov toporiayov [13]. A&loonueiowto givol to 6T €kTdC 0md TN AA, TO
CACNALC oyetiCeton ue m oyloppéveta [34] ko t peiCova katddiwyn [35], kot to
CACNB2 npocdidet evmabeia o€ moAAES yuylatpiké droTopoyés [17]. H epmhoxn tov
yovidiov Tov VGCC £yet emiong avapepOel amd TIC YOVIOLOUOTIKES LEAETEG EVPELNG
KMUOKOG TOV® GTOVG GOvOTOTTOVS oL oyetiCovtal pe ) AA, dmwg 1 emidoon g
LUVIUNG £PYOCTOG KOL TO GYETIKE TPOTVTOL EVEPYOTTOINGNG TOL EYKEPALOV, KOOMC Kol M
veviKoTepT Yvootikn Asttovpyia [37]. Yrdpyovv emiong peréteg oe pukpdtepa
VITOYN L YOVIOLa, TO 07010 VTTOINAMVOLV EMOPAGELS TNG YEVETIKNG TOIKIAOLOPPIOG
tov CACNA1C 61t00g QotvoTumous TG £YKEPAAKNG ametkoviong 38, 39 kot og
YVOGTIKOVG TOUELS, OTWG 1) avtamdkpion otny emPpdpfevon [40].

H tovtomoinon g poplakng Baong yio cvoyeticels e acéveleg amotedet
éva Ppo-KAE3T Yo TNV KOTOVONON TOV UNYOVIGLLMV TOV GLVOEOLV TO YOVIOLL TV
VGCC pe m AA. Ot yevetkot 1omot toov VGCC mov amoxdAvyov ot perétec GWAS
dgv KmotKomoovv. Evd ot peyding khipoxag peréteg eEovidpartog mbovmg
TAVTOTOLOVV GTLAVIES TAPOUAAAYES TTOV SLATAPAGGOVY TV KMOKELOLGO OAAT AoV oL
tov VGCC, givar anibavo ot yevetkol tomot, mov mpokvmtovy omd tig peréteg GWAS
Kot oyetilovran pe ™ AA, vo a@opolV LN TOVTOTOMUEVES EMG CUEP. LETOAAAEELS
mov mpokalovv acBéveileg. Avtifeta, mBavmg dpovv emnpedlovtag TTVYES TNG
YOVISIOKNG £KQPACNG, cupumeptAapfovopuévng g neBviimong [41], g xpnong Tov
EVOAOKTIKOV DTOKIVINTOV Kot Tov patiopatog tov RNA [42]. Ty nepintmon tov
CACNALC, o morvpoppiopodg (rs1006737), mov amoterel deitn kivdvvov yia ) AA,
Bpioketar 610 TPiTo VvIpOVI0. ZE YEVIKA TAaio10L, T O100Ea1La dEdOpEVE dET)VOLV OTL
T0 OAAAL0 KIVOUVOL oyeTileTan pe avénuévn £EKppacn Kot dpacTnpldtTnTa ToL

yovidrakob poidvtog 43, 44. Ta svpipata dpmg etvar aviikpovdpeva 45,46, Kot



ATOTPENMOVY TNV EE0YMYN OPIOTIKMV GUUTEPACUATOV. MEPOG TNG TOIKIAING AVTOV
TOV OTOTELECUATOV EVOEYETOL VO OPEIAETAL GTIC OLAPOPES TV EMOPAGEDYV TOV
rs1006737 oty ékepacn tov CACNALC petald tov meploydv Tov eYKEQPAAOV.
Aocvvéneieg umopet emiong vo TpokHYOoLV amrd TOV LOVOVOUKAEOTIOKO TOAVLOPPIGUO
(SNP) xwvdvvou mov petafdret v apbovia cuYKEKPIUEVOV TOUPUALOYDV HLOTIGLOTOG,
omm¢ £xel mopatnpnOel yio dAla yovidla wov oyetiCovian pe ) AA,
ovunepiiappavouévov tov ANK3 [47] koar ZNFB04A [48]. v nepintmon tov
ANKS, vrdpyovv amodeiEelg OTL 1) GTPOPN GTNV AVAAOYIN TOV IGOLOPPAOV EMPEPEL
AELTOVPYIKEG GLVETEIEG OTN PLGIOAOYiN TV VeELpOVOV [49]. Ot mpoomdOeteg Yo Tnv
TOVTOTOINGCT KO TNV KOTAVONOT) TOV oV TO HATIGHA oyeTileton eniong Le 1o
CACNALC ka1 6Arovg VGCC, tapak®AbovTol and Tov meplopicuévo aplipod
TANPOPOPLOV GYETIKA LLE TO TPOPIA TWV IGOUOPPDV GTOV avOpAOTIVO £YKEPUAO
(IM\aicto 2). Or mTAnpoopieg avtég givar Kpioues, KBMS 0 TPOTLTTO TOV HOTICUOTOG
OEV JATNPOVVTOL EMAPKDS, EVAD O EYKEPAAOS TAPOVGLALEL [0l OO TIS GTTOVOUOTEPES
Towthopopeies evarlaktikoy patiopatog [50], mpdypa mov onpaivel Tmg o
Swbéoipa dedopéva Tov aPopoLV GAAM €101 Kol 1GTOVG, £ivol aveTapKY).

Evd etvar onpavtikn 1 Tavtonoinor GuYKEKPIUEVOV VTOUOVAS®V Kot
woopopemv twv VGCC mov pecsorafoiv tov kivovvo yo ) AA, e&icov kpioyng
onuaciog etvor 1 kaAvtepn Katavonon g vrokeipevng froroyiag. I'a avtod
AOTEITOL 1] XPNOT KOTAAANA®Y GUOTNUATOV KLTTOPIKAOV Kot {OIKOV LOVTEA®Y,
KaOmG Kot Tpooeyyicelg in Vivo atov avBpmmo. [ Ti¢ KuTTaptkég avaAdoeLs, Tépa
amo TIG KOOEPOUEVEG KVTTAPIKEG GELPES, Ol OTTOLES VOl XPTOLUES Yo TN HEAETN TNG
Aertovpyiog LELOVOUEV®VY YOVISI®V, T ETOYOUEVO TOAVIVVOLN PAACTOKDTTOPO
(induced pluripotent stem cells, iPSC) pumopet kat avtd va amoderyfovv ToAvTia.

[pdypartt, o1 vevpaveg mov mpoépyoviar amd IPSC éyovv 10N Tpoceipet


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5755726/#bib0235
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5755726/#bib0240

EVOLPEPOVGEG TANPOPOPIES, O1 0TTOiEC VITOGTNPILOVV TNV TOPOLGIN KLTTAPIKMV
QoVOTOTI®V oL oyeTiCovtal pe T AA Kot TEPIAAUPAVOVY OALOIDGELS 6T

onuotoddtnon acPeotiov (Hiaioto 3).

M\aicro 3

BLoostokvTTopa kou  Tado@uolorioyia Tov aoPfeotiov 61N dimolK] SraTapay)

Ta IPSC npoc@épovy onuavtikég SUVOTOTNTEG Y10 TN LEAETT TOV KVTTAPIKOV
QOVOTOTIOV YUYLLTPIK®V OloTapoydv Ommg 1 AA Ko 1 TpocEyyion vty £xel
axoAovOn et oe apketéc peréreg. O peréteg akorovBovv Tpelg oYedaGHOVC:
oLYKPLoN HETOEL VYDV acBevav Kot acBevav pe AA, aviimapafoir LeTaEd acOevdv
pe AA mov avtamokpivovtol 6to AiBo kot acBevadv pe AA mov dgv avtamokpivovton
610 AiB10 1 a&oAdyNon TG nidPACS TOV YOVOTLTT®MV KIvdUVOD Yia T AA.

Ot Mertens et al. [100] dnpodpyncov veupmdVEG TOTOL 030VIWTNG EAMKAG Kot
éoe1&av 011 Ta KOTTOpO TV 0cBevov pe AA ftov vrepevepediota kot mopovciolav
OLPOPES GE PKETEG NAEKTPOPUGIOAOYIKES KO LETAYPAPIKES TTOPAUETPOVS. EmumAéov,
10 AMB10 peiwve T deyepondra, oAAL LOVO GE KOTTOPM TOV TPOEPYOVTAY AT
acbeveig o1 omoiot eiyav avromokpBel KAvikd oto edppaxo. A&oonpeimto givor o1t
avTd T EvpNpaTe TaAnBevTNKOY 68 peYdAo Pabuod o pia Eexmploty KoOPTN OTOL
ypnotpomomdnke pia drapopetikry pebodoroyio [101]. Epapuolovrag o yeveTikn
otpotnykn, ot Yoshimizu et al. [44] dnpodpynocav exaydpuevoug vevpoveg omd 24
dropa, mov giyav yovotumnOei yia tov moivpopeiopd rs1006737 oo CACNALC kot
éoe1&av 0t M yovidrokn Ekppacn tov CACNALC kot 1 TokvoTnTo pEOUATOG TOV
acPBeotiov NTav peEYaADTEPEG GTOVG OLOLVYADTES TOV £PEPAY TO OAANALO KIVODVOL

GLYKPITIKA LLE EKELVOVG TTOL dgV £PEPAY TO €V AOY® OAAALO.



Av16 10 S1AGTNUO TPOYLOTOTOIOVVTOL TPOGEYYIGELS TPLOOLACTATNG
S0LPOPOTOINGNG YO TN ONUIOLPYIO KEYKEPAMK®V SPopoeddVvy. [Tapott dev £yovv
VapEel akOUN avaPopES 6E UEAETEC OLTOV TOL £idovg pe T xpnon IPSC and
acbeveic ue AA, o1 Birey et al. [102] avépepav 011, mapaddEmS, To GQOIPOELSN TOV
dnuovpynnkav pe iPSC and acbeveic ue ovvopopo Timothy (rov mpokoieitor and
po LETOAAAEN TTov 0dNYel o€ avENUEVN AELTOVPYiD TV VTOUOVAS®Y TOV
kwdtkomotovvion ad to CACNALC) mapovciocay avouares 6T LETOVAGTELGN TOV
OWIUECOV VEVPOVAV, 01 0T01E petmvovtav pe évav avtayoviot| VGCC. Mg avtd to
0PN, I TPOGOYY| EMKEVIPAOVETOL GTOV IOV pOLO oL dradpapatilovy ta
GLUPBAVT TNG TPAOUNG AVATTVENG KOt GLYKEKPLULEVOL TANOVGLOT SIAUEC OV VELPOV®OV
61N onpatoddTnom acPectiov, n oroia pecorafel v maboyévela yio ™ AA.
MeAéteg mov mpaypoatonomOnkay yuo m AA pe T ¥pnoT GOAPOE®V UTopel va
elvat TOADTIHES Y10 TNV TOVTOTOINGOT AVOTOTTOV G€ Minedo KukAdUaToG. Ot
teyvikég CRISPR, mov petoyepilovtan emAEKTIKA 1GOUOPPES Ko TAPOUAAQYES TOV
VGCC nov oyetilovtar pe acBéveiec, Ba pmopovcav vo fondncovv otnv
TOVTOTOINGT] CUAVTIIKOV LOPLOKAOV UNYOVIGLOV.

Avtd kot dAhao (m.y. [103]) evpiuoza deiyvouv g to IPSC mapéyovv véa
otoyelo GYETIKA LE TOVG VELPOVIKODG GOvOTOTTOVS TG AA Kot vtostnpilovv v
EUTAOKT] TNG oMNpatoddToNng acPectiov o avTég TIg dadkacies. Ta amoteAéopata
evBappHvovy mePLocoTEPES TPOoTADELES, O1 0Toleg Ba emekteivouy Kot Ba eEgAiEovv

mv épevva [104].

Ta poprokd svprjpata propoHv eniong vo Kabodnynoovv v e£EMEN TV
HOVTEA®MV TPOKTIKMOV GTO OTTOI0L TAPATNPEITAL VITEPEKPPACT 1] EAAEWYT
ovykekpipuévov yovidiov tov VGCC 51, 52, 53 /| mopailaydv TOV HOTIGLOTOC TOVG

[54] ka1 TV omoimv 0 Aettovpyikdg avtiktumog umopei va pedetndei og aképoto {do.



Mo mopddetypa, evod n epPpuikn ararowpn tov Cacnalc and tovg yAouTapvepytkoHs
VEVPADVEC TOV TPOGHI0V EYKEPAAOV GE TOVTIKOVG TPOKAAEGE GUUTEPUPOPIKES KO
YVOOTIKEG EMOPACELS OYETIKEG e TN AA Ko po avénpévn eumadela 6to oTpeg, N 101
ATTOAOLPT KOTO TNV EVNMKI®MOT TPoKALESE Evav LIKPOTEPO, KOl OE KOTOLES
TEPUTOOELC, avtifeto pawvotumo [51]. Avth ) enidpacn Tov avarntuélokod 6Tadiov
GTOV PAIVOTUTO Elval EVOLOPEPOVGA, OEGOUEVIC TG YOPOKTNPLOTIKNG TPMIUNG
evnAkioong Katd v omoia Tpaypatomoteitor ) Evapén g AA aAld Kot g
npoyevéotepng maudikng nAkiag (Miaicto 1). e pia Eeywplot HEAETT, 0 PAIVOTLTTOG
TV TOVTIKOV e EAdetyn Cacnalc, umopovce va d10cwbel xpNGLOTOIDOVTOS EVOV
HKPOLOPLOKO avOGTOAE TOL TTopdyovTa, Evapéng g petaepaong elf2a [52]. Avtd
napéxel otoryela yro mBavovg mapepfoticoVs Proyntkong HnyoviGLOUG.

[Moapdiinio pe ovtég TIg 018.90opES, YEVETIKA KOTELOVLVOLEVES TPOGEYYIOELS,
elvan mBavég Kot o1 pappokoroyikes Epeuveg yia toug VGCC otov avBpwmo, Adyw
TV MO VIEApYovTav aviaywviotav Tov VGCC tdnov L, ot oroiot pwopovv va
YPNOLOTOMN B0V MG TEPALOTIKG EPYUAELR Kot YloL LEAETEG ATOSEIENG TV 0Py DV
Aertovpyiag. H daBecipudmra toug amotedel Eva Egxmplotd TAEOVEKTNLO GE
GLYKPLON LLE TOVS VILOAOITOVG, YEVETIKA VTTOGTNPLLOUEVOVG BEPATEVTIKOVS GTOHYOVG
ot AA, y1a tovg omoiovg dev datiBevtan tétoln eapuaka. Méypt onjpepa, to
Oed0UEVA TOV KAMVIKOV SOKIU®OV, TOV GLVOEOLV TOV amokAEGHO Tov VGCC thnov L
pe BepamevtiKd aroteAéopata yio T AA (Kot Yol TIG YOYLTPIKES EMOPAGELS €V YEVEL)
dev kataAnyovv Tovbevd anodlvtog [25]. Etouévmg, mpotapyikd péEAHo amrotelet To
va dtepeuvn el AETTOUEPDG O AVTIKTVTTOG TOV £YOVV EYKEPOAO-OEIGOVTIKOT
amokAelotég Twv VGCC otovg patvotdimovg mov oyetifovron pe ) AA,
GUUTEPIAQUPOVOUEVOV AETTOUEPDV LETPNGEMV TG OIABECTG, TNG YVOGTIKNG

Aertovpyiog, TOL VIVOL Kot TNG EYKEPAAKNG dpactnptotnrag [55], epapurolovrag og



napdyovto tov yovotumo [56]. Ot mbovEg yuylaTpikéc EMOPAGELS TV OVIUYOVIGTOV
twv VGCC pmopovv emniong va a&lohoynbovv pe tn xpnon KAMVIKOV 0E00UEVOV T
omoio. cLAAEYOVTOL TOKTIKG. 1o Tapddetrypa, pior LEAETN G€ NAEKTPOVIKA 1GTOPIKEL
acBevov otn Zrotio avEQepe LYNAOTEPA TOGOGTA VOONAELNS TV acBEVOV e
KataOAym, otovg omoiovg elyav yopnynbei VGCC, o chykpion pe ekeitvoug 6Tovg

omoiovg elyav cvvtayoypaendei dAlo avtwreptacikd [57].

Néeg mpoceyyioelS 6TO OUTOMKO QUIVOTLTTO

Yook yoylotpukn

ZopParrovtog otig eEEAEELG TNG EMGTNUNG TOV YOVIOLOLOTIKA
KatevbuvopeEVOVY avakaALYE®V, epapuroloviot véeg néBodot oVTmg MGTE Vo
YOPAKTNPIGOVY TOV EoVOTLTO TNG AA Kot KOT® OVTOV TOV TPOTO, VO TPOCPEPOVV VEEG
TPOOTTIKEG GTOL GTOLYELO-KAELOLA TNG.

Ot ovpPatikég yoylatpikég agloAoynoelg otnpilovtal 6T GLYXPOVIKT,

VOO POLUIKT AVAADGT TOV HOTIBOV TOV CUUTTOUATOV GTO TEPACO ELOOUAdWV I
unvov. Bacilopevn oty avakinon evog achevi 1 evog TANPoeoptoddTn, M
TPOGEYYIGN OLTH VIOKELTAL GE £YYEVEIG TPOKATUAYELS Kot ava&lomioTia, 101m¢ O
otav, Ommg 61N AA, T0 KOPL0 YOPAKTNPLOTIKO OEV GLVIGTH ATANDG VO GUUTTMLOL
(0148eom) aALG TO TPOPIA TWV EVOAALOYDV TOV GTO TEPAGLA TOV XPOVOL. Mepieég
nmpoceyyicels xovv ypnoonombel dote vo PeAtiobdel n alomotio kot 1 eykupdTTA
v aglohoynoemv g AA 58, 59. Ot onuavtikdtepeg TPOOS0L TPOKVLITOVLY AT TIG
eEeM&elc g texvorloyiog T®V TANPOPOPIDV, GUUTEPIAAUPAVOUEVIG TG OAOEVA KO
aLEAVOUEVIC, EKTETAUEVIC XPTIONS GLVOEOEUEVMV KOl POPETAOV CUOKEVMDV.
Mmaivovpe 6g pio €m0y «yneLoKng eowvotdnnoney oty yoytatpikn [60], pe ™ AA,

Ba Aéyape, otnv mpotn ypauun [61]. Eva ntpdyio mapdderypa omotelel n mAat@opuo.



True Colours, 1 onoia emtpénel otovg acbeveic va vwofdAlovy (LESH uMVOLOTOC,
NAEKTPOVIKOD TOYLOPOUEIO, OLAOTKTVOV 1} EPOPLOYNG) TIC AELOAOYNOELS TOVG Y10 TV
KOTAOAYM, TN Hovio Kot Yo GAAO GOUTTOUTO, OC OTAVINOT GE Lo foopadtaia 1
KaOnuepvn vrevBvpioT. Q¢ amoTtédeoio, dNUIOVPYEITOL Lo STOUNKNE KO YPOPTKT|
avomapdotacn TG Topeiag Twv cvurtoudtov [62].

To onuovtikdtepo givor 0Tt Tao Smartphones kot GAAEG GLOKEVEG EMITPETOVY
TNV TNAEKATOYPOPY| TNG GLYYPOVIKNG OVTO-avAPOPES, OxL LOVO T®V CUUTTOUATOV,
OALG KOl GUUTEPLPOPIKADV, YVOOCTIKDOV KOl PUGIOAOYIKOV LETPNGEDV, OTMSG O
Kapdlakdg puiuods, n dpacTnPOTNTa, 1 YE®YPAPIKT €M, 1 optAio Kot ot
ynowokég néEBodot Pmopovv vor S1ELKOAHVOLV TO TEPAGLA OO EVOV TANPOG
oTNPLLOUEVO GE GUUTTAOUOTO YOUPOUKTIPIGUO TOV YUYLATPIKOV doTapaydv, Omwme 1
AA, og évav mo ToAVTPOTIKO KOt PLOAOYIKA EVIUEPOUEVO. ZVVETMS, AVEAVOLY TNV
mOOVOTNTO Y10 TO VIOKEWEVIKES Kot KATELOLVOLEVES amd dedOUEVA SOy VDGELS,
OALG KOt TEMKA Y10 TTO EEATOUIKEVUEVEG TPOPAEYELS Y10 TV OVTATOKPLOT 6T VOGO
kot T Ogpamneio. QoT0G0, 1 VIOGYKEST AT OeV £xel VAoTOBel akdun. O apyikoc
evBovGlao oG YOP® OO TNV YNOLOKT GALVOTOTNGT|, GOUTEPIAAUPOVOUEVIS TG
eQapRoYNG TS ot AA, €xet petplactel and v avgavopevn entyvmon GNUAVTIKOV

TEYVIKOV, OVOATIKOV Kol GA @V gumiekopevov (ntnudatev (IThaicio 4).

Enipovn aotd0s10 g 01a0g0nc

[Topd Tov peydro aptBpd TpokAceE®V, 1 LOKPOTPOBESUT|, SL0YPOVIKY|
GLALOYY| OESOUEVOV HEGH YNPLOKDOV TPOCEYYIcE®V £XEL ON CLUPAAEL OVTOG DOTE VoL
000¢el o ek vEou EHeaom 6TOV «peaAloTIKO» Qovotumo g AA. ‘Eva mapddetypo

amotelel 1 ektipnomn nwg moAlol acBeveic £xovv xpovia actdbeia g d1dbeong (Tov
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ovopdleton emiong cvvaroOpaTIK) evUeTAPANTOTNTA), 1| OOl EMUEVEL KOTA TN
dapkela TG evvpiag. Avtd TO TAPAGELYLLOL OVTIKPOVEL TV OTAOTKT TEPTYPAPT TNG
AA, TOL GVVAVTATOL OTO EYXEPIOLN KO TEPIAAUPAVEL TEPLOOOVS PLGIOAOYIKNG,
otabepng d1dfeonc petald tov enelcodiny katddiyng ko paviog (Iiaicto 1).
[Tapdtt avt) N TpaypatTikdOTNTO ElYE NON EKTIUNOEL OO TEMEPAUEVOVG KAVIKODG
Tpovg 69, 70, n xprion ynelokomv pefddwv givorl avti Tov aENGE TNV ENLYVOON
OYETIKA UE TNV aoTdbela ¢ 01d0eonc, ) omoia pe TN Gepd TG evBdppuve TV Epguva
Yo TV KOTOvON o™ TG TPOoEAELOTG Kot TG onpoaciog e. Edm, eEetdlovpe ev
cuvTopio LEPIKES OO QTES TIG EMMTMCELS.

H otafepdmra/actdbeia tng dudbeong etvan pa cuveymng petafantn kot
mapoInpeitan e drapopeTikovs fadodg oe vym dropa 71, 72. Q¢ £k TOVTOL, GLVICTA
&vav (PNGLULO GOVOTLTO Y10 LEAETEG TTOV EMOIMKOVY VO THVTOTOWGOVY VITOKELLEVOLG
pnyovicpotg g (amo)pvOpong g dabeong kabavtig Kot Tpaypatomoteitan o
GEPA TEPALATIKOV TPOGeYYicemv. Mmopet, Yo mapadetypa, va tpoPAndel and o
VTOAOYIOTIKY] GKOTA e LovTELD oL delyvouy TMG 1 aotdbeia g d1d0eomg
emmpealetor péom g evarodnciog otnv emPpapevon [73]. Erniong, pmopei kaveic va
avapwt el Thg n actdbeio TG dabeong oyetiletar pe v Totkilopopeio TG
VELPOVIKNG dpacTNPLOTNTAG GE £VaL EVPV PACLLA YPOVIKDOV OVIAVGE®YV, LLE TN XPTOT
™G Aettovpyikng poyvntikng topoypaeiog (FMRI) [74] ot g
poyvnrogykeporoypoeiog [75]. Emmpdcheta, pobnpotikéc avoldoels, 0mwe avTég
mov meprypdpovtot oto [TAaicto 4, propovv va cupufdAovy otny gpunveio TV
OYECEMV AVALESO GTIG SIOKVUAVOELG TG d1dBE0NG Kot AAAES TOPAUETPOVS, TTOV
Kopaivovtot amd mepParhoviikég ek0EcELG £ GVUTEPLPOPIKES HeTaPANTES 66, 67.

H aotdbeio g d1a0eong drakpivetor Oyt povo otn AA, oAAd KoL GE OPKETES

GALES YOYLOTPIKEG SLATAPAYES, OTIMG 1) OLOTAPOYT EAAEILUUATIKNG TPOGOYNG, 1 OPLOKN



dlatapoayn TPooOTIKOTNTAG Kot 1 oyloppévela 76, 77. Amoteiel Aomdv o da-
dyvooTiky évvola, cupfath pe to cvotnuo Research Domain Criteria® tov EQviko)
Ivetitovtov WPoykng Yyeiag tov HITA (National Institute of Mental States, NIHM)
[78]. Emopévac, n katavonon e TPoELELGTG KoL TMV UNXOVIOCU®OV THG aoTdOg10¢ TG
d1a0eomg, Kabdg Kot TV PLOAOYIK®Y KOl GUUTEPLUPOPIKDOV GUVETELDY TOV ETLPEPOVV
01 TOPEUPACELS TTOL TNV TPOTOTOLOVV, £ivart TOAVOV Vo lvat TOADTIUN Kot EKTOG TNG
AA. Tlpaypatt, n aoctdBeia e 0160eong eivor Eva petpimg KANPOVOUNGLLO
YOPOAKTNPIOTIKO GTO YEVIKO TANBLGUO Kot Exovv avapepOel o1 TPOTOL oNuavVTIKOl
YEVETIKOL TOTTOL 68 OAOKAN PO TO Yovidiopa [79]. TIépa amd T perétn tov
EUTAEKOUEVOV LOPI®V KOl TV LOVOTATIOV EEXMPLOTA, Ba £xEL EVOLOPEPOV TO VL
gpevvnBet o Pablog otov omoio ot yevetukol tOmOL KIvdHVOL Yo TV 0oTABEL0 TNG
ouafeong aAinAemikaAdTTovTo pe eketvovg cuykekpléva yio ™ AA Ko yio dAAES
dwtapayég mov meptiapPavovv aotdbeto e 01dbeonc. Emumiéov, ta cuykekpuéva
YOPOKTNPIOTIKA TNG aotdBelag ¢ 01dbeong (m.y. n cvyvoTTO, TO EVPOG 1 O
aVTIKTUTIOG GTN CLUTEPLPOPE) EVA AAANAETIKOADTTOVTOL LEPIKADGS, LTOPEL VOL
drapépovv apketd peta&d tov datapaydv [80]. ‘Etot, propodv va tpocekkdcovy 1o
EVOLIPEPOV GTOVG VITOKEILEVOVS VELPOVIKOVS UNYOVIGLLOVG, TTOPEYOVTAG TEPICTOTEPOL
ototyeia ywo ™ Proroyikn Pdon avtdv TV vOowv, Tpdypa to oroio Bo 00Ny oEL £V
TéAEL 6€ PEATIDOOELG OTNV TAEVOUNON).

Téhog, n actdBeta g drabeong €xet dpeon dvvntikn a&io ¢ OepamevTiKog
o10)0¢. [Ipdtov, unopet va amoteléoet £va LEGO Y1 TOV EAEYYO VE®V BepamEL®V Y10
™ AA, 0 YpMyopal Kot To OKOVOLIKE o Tig SVUPATIKEG KAMVIKEG SOKIUES, OTIG

omoieg ovvnBeg amotéhespa etvon 1 Bepoameio 1 N TPOANYN KATOUOMTTIKOV Ko

! [ZtM: Research Domain Criteria: kawvotopio sEatoptkevpévng 1Tpikig 6TV Yoylatpikh wov 0étet
VEVPOAOYIKA, TOOOAOYIKA, YEVETIK( KO GUUTEPIPOPIKH KPITNPLO Y10 TN SAYVOOT) YUKV S10TopayDdV
(American Psychological Association PsycNet)].



HOVIOKOV ETEIGOSTIMV, Y10 Ta. 0ol amoteitanl pakporpodeoun tapatipnon. Yno
avtn v évvola, 1 £yKoupn otabepomoinon tng diabeong Ba pmopovce va Exet
DepamEVTIKT AMOTEAEGUATIKOTITO, OTMOC Ol YPNYOPES EMOPACELS GTNV
cuvalcOnuatiky enegepyacio emPEPoLY TNV ETOKOAOLON OEPATEVTIKY AVTOTOKPION
otV povonolkn katdOiwyn [81]. EmmAéov, ot ypryopeg emdpacelg Twv
AVTIKOTOOMITIKOV 01N cvvousOnpatikn eneEepyacio mtapatnpeital oe gvboua
vrokeipeva kabng kot og vrrokeipeva pe katdOiwym. [Hopopoing, véeg Bepaneieg yio
™ AA, 6Tmg Ta véa eappaka tov dpovv pécm twv VGCC, Ba propodsav va
eleyyBovv og aoBevelg pe aotabn d1abeomn, ot omoior wGTdG0 dev £xovV daryvwchel
entonua. Agutepov, n otabepomoinon g 6180eong umopel amd povn g va givat
OEEMUT, TEPA aTO TNV oA TPOANYN KAVIKAOV £TEIG0OIV KoTdOA NG Kot poviog,
kaBdg n aotdberto TG d1d0eonc aveEdptnTa TPOPAETEL LIKPT AELTOVPYIKY AVAKOLLYT)
ot AA, émwg ko ToAAOV 0OV xepdtepa amoteléouata 76, 82, 83, 84.
Emmpochétmg, dedopévou O6tt omavimg cvppaivel mpv v Evapén g AA 85, 86,
tétoteg Oepameieg pmopel va £xovv Evav TPoANTTIKO pOAO

Ev olAiyotg, n epodvion g enipovng aotdbetog tng dtdbeong, og Evvola,
QITOTVTIMVEL TO TAOG 01 YNOLOKES PLEB0SOL PTOPOLV Vo avadeiEovv apeAnpéva
OVOKOAN OG TPOS TOV YOPUKTNPIGLO TOVG YUYLTPIKA POVOLLEVO KO VO,
TLPOSOTIGOLV LA GEPA LEAETAV TTAV® GTNV TPOEAEVGT), TOVG UNYOVIGLOVS KoL TG
Bepanevtikég emntmoels tovs. [lapodpotec mpoceyyicels TpayLaTOTO0VVIOL GE GALN
ototyeio g AA, OTmg M dtaTopayn TOL Kipkadtov puOpod kot 1 evaicOncio oty
emPpapevon. [apdti n €pevva Ppicketarl 6 TPOIUO 6TAd0, £ivor TOAVO TEAMKE Vo
aALAEEL M Aoy Yo Tov Bacikd eavdtumo TG AA, amodidovtag Eva onUAVTIKOTEPO
poOLo oTa frodoyiKd Kot TOGOTIKE dedopéva Y10, TN SIyveoT, TV TPOYvVmGN Kot TV

dwyeipron g AA.
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Tehkég mapatTnpijcerg

H xatavénon pog yio  AA Topopével OTEATIGTIKA TEPLOPIGUEV.
E&axolovbel va amotedel £va meptypapikd cuvopoo, KaBdS dev Exovpe TV
amopoiTNTN YVAOOT, 1| 0moio Oo EMETPETE TOV YOPAKTNPICUO 1] TNV EVVOLOTOINOT| TNG
Baoet artiodoyiog 1 unyovicpov. Avoueifoia, TOAAL EPOTALLOTA TOPAUEVOVV.
Qo1660, VIEApPYoLVY AdYOL Yia aictodoéia. [IpmTov, 1 avakdAVYT HEPIKMV EK TOV
YovIdiwv Kivdhvou yio T AA €xel T duvatdTNTO VoL PEPEL TNV EXAVAGTACT GTA OCA
yvopilape yio v maboyévela kot ™ vevpoPloroyio tne. Agbtepov, N xpnon
YNOLIKADV TEYVOLOYLDV KOl TNAEAVIYVEVTMV, GE GLUVOVACUO LE TIC TPOTYUEVEG
AVOADGELS TOV SEGOUEVMV TTOV TPOKLITOVV, EMLTPETOVY 1O IO TTLO TOCOTIKN Kot
S POVIKT TPOGEYYIoN GTOV GovOTLTO TNG AA. AvTd aw&avel T TOAVOTNTES Yo
KOAOTEPEG TPOPAEYELC TNG KAMVIKNG TOPELONG TOV ATOUOV KOl TOPEYEL VOV TTLO
eEenmuévo eavoTLmo Yo GLUTEPLPOPIKES Kal Proroyikég perétes. Kat otovg dvo
aVTOVG TOUELS, va KOV YopaKTNPIOTIKO amoTeAel  avEavopevn onuocio TV
«UalK®V 0EO0UEVOVY, EITE GTO TAOIGLO TV YOVIOLOUATIKOV LEAETMV, EITE TOV
TOAVIACTAT®V PODV OEOOUEVMOV TOV GLAAEYOVTOL OO TIG YNOLOKES GUGKEVEC.
Tpitov, mapdTL dev oYoMAcONKE 0, 1) SOUIKY| KO AELTOVPYIKN OTEWKOVIGT] TOV
eyKepdAov Ponbd otV TALTOTOINGCT CUAVTIKOV VEVPOVIKOV KUKAOUATOV TNG AA

O VEPTTOG GTOYOG AVTMOV TV GUYYPOVAOV TPOGEYYIcEWV Elvor va emttpamel
L0 IO EMLGTNUOVIKY] Kol 6TNPLOUEV GE AMOOEIKTIKA GTOLYEIN TPOGEYYIoT GTOV
TpoMo pe tov onoio ta&wvopeitatl, vroloyiletar ko Ogpomeveton 1 AA [91]. ITiBavég
aAhayég mepthapupavouv v avabemdpnon 1 TNV KATapynon TV SyVOSTIKOV 0piov

avapeca otn AA kot dAAeg dtoTapoyEg TOV TEPIAAUPAVOLY TNV ELUETARANTOTNTA TNG



o1a0eong, TV cLVUGONUATOV KoL TG CLUTEPIPOPES Kol T CLUTEPIANYN TOV
GUUTEPIPOPIKADV KOl YVYOAOYIKDOV GUCYETIGE®V TNG 0140E0MC Kol TS aoTAOEL0G TG
(M GAM @V copTTOUATOV) oV KAMVvIKN TpoakTikn. [Ti0avég addayég etvan emiong n
€0Ti0IOMN OTOV EVTOMIGUO TTapeUPAcE®V TOV UTopoHV va 6Tafepomon|covy T d1dbeon
avedptnTo omd TV LTOKEIUEVT] SLAYVMOT| KOl TEAOG, VEES, YEVETIKA EVIUEPMOUEVEG

Bepamneieg, cov Kol avtég mov atoyevovv tovg VGCC.



IpoTtoTomo keipevo

The Emerging Neurobiology of Bipolar Disorder

Paul J. Harrison, John R. Geddes and Elizabeth M. Tunbridge

Bipolar Disorder and the New Psychiatry

Psychiatry still relies largely on 19th-Century diagnostic categories. These are based
on clusters of symptoms rather than biological markers, and are treated with drugs
discovered serendipitously several decades ago. BD typifies this unsatisfactory state
of affairs. Although its name has changed [it was formerly known as manic
depression], its cardinal features, and how it is assessed and treated (Box 1) have
barely altered. An important reason for this stagnation has been the lack of any real
traction on its causes and underlying biology, beyond its well-established high
heritability [1]. Although there is evidence for altered structural and functional brain
connectivity 2, 3, 4, and changes in markers of oxidative stress [5], mitochondrial
function [6], inflammation [7], circadian rhythms [8], and dopamine [9], it remains
difficult to integrate these diverse findings, and to disentangle causative changes from

those that are secondary to the disorder and its treatment.
Box 1

Bipolar Disorder: A Clinical Primer
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The classic picture of BD is like a modified sine wave, with mood fluctuating between
episodes of mood elevation (mania) and depression, interspersed with periods of
euthymia. The number of episodes in each mood phase, and their duration, varies
markedly between individuals, but for most patients the depressive episodes are more

prolonged and are responsible for much of the morbidity of the disorder.

The depressive episodes of BD are broadly similar in nature and severity to those of
‘ordinary’ depression. A manic episode includes not only significant elevation of
mood, but also related changes in behaviour, such as a reduced need for sleep,
increased energy, grandiose thoughts and beliefs, rapid speech, increased libido, and
reckless behaviour (e.g., spending excessively). In severe episodes, psychotic
symptoms (delusions and hallucinations) may also be present; for example, the person
may believe, or hear voices telling them, that they have superpowers (and they may
then act accordingly). ‘Hypomania’ refers to a milder and less prolonged form of
mania. The exact criteria depend upon the classificatory system used (ICD-10 or
DSM-5); the latter subdivides BD into bipolar I and bipolar Il. Although not part of
the diagnostic criteria, cognitive impairment is a notable aspect of BD; it is present at
first episode and persists during euthymia. Attention, processing speed, and verbal
learning and fluency are the domains most affected. At least half of patients with BD
also have an anxiety disorder or substance use disorder. Patients are typically
diagnosed during their 20s, following a long prodrome, and actual onset is often in
adolescence. The lifetime prevalence of BD is approximately 1%, rising to 4% if a
broader definition of bipolar spectrum disorder is used. The major risk factors are
genetic (see the main text), but environmental factors, including childhood adversity,

also have a role. Of patients with BD, 10% die by suicide and this, coupled with an



excess mortality from natural causes, shortens average life expectancy by

approximately 15 years.

The mainstay of BD treatment is pharmacological, with lithium salts or the
antiepileptic drug sodium valproate used for prophylaxis. Antipsychotics,
antidepressants, and antiepileptic drugs are given to treat the mood episodes.
Psychoeducation and psychological treatments also have an important supporting role.
All current treatments have limited efficacy, and the drugs can have serious adverse

effects.
The Genomics of Bipolar Disorder

A child of an affected parent has about a tenfold increased risk of developing BD, and
twin studies estimate a heritability of 0.7-0.8 [1]. There is no evidence for Mendelian
inheritance or for genes of major effect. Instead, as with most psychiatric disorders,
there are multiple susceptibility loci, each of small effect, which genome-wide
association studies (GWAS) are beginning to identify. Several GWAS, and meta-
analyses thereof, have been carried out since 2007. The combined sample sizes
remain small by GWAS standards, and more loci remain to be identified; indeed, the
forthcoming Psychiatric Genomics Consortium analysis, comprising over 20 000 BD
cases and 30 000 controls, identifies 19 significant loci, including 12 novel ones.
Initial exome and genome sequencing data suggest that rare deleterious variants also
have a role in some BD cases, but their identity and overall contribution to the
disorder remain unclear 12, 13, 14. Within BD, there is modest clinicogenetic
heterogeneity, for example, based on the predominant symptoms, or between bipolar
I and bipolar 11 subtypes [15]. However, there is little evidence for BD-specific

genes; joint GWAS analyses show substantial commonalities in risk loci for BD and
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schizophrenia [16], as well as significant overlap with other major psychiatric
disorders [17] and with intermediate phenotypes, including circadian traits 18, 19.

One distinction between schizophrenia and BD is that copy number variation is much

less prominent in the latter [20].

Although the genomics of BD are in their infancy, efforts have begun to understand
the biological basis for the associations identified to date. Interest has centred on two
genes (CACNA1C and ANK3) because of what was already known of their functions.
CACNAIC is discussed in detail below. ANK3 encodes ankyrin G, which couples
axonal voltage-gated sodium channels to the cytoskeleton and also has roles in
dendrites and glia; another risk gene, TRANKZ1, contains multiple ankyrin repeat
domains, suggesting some shared functions. Complementing the focus on specific risk
genes, the first attempts have been made to identify the pathways that they influence.
Using data from four of the GWAS, Nurnberger et al. [21] reported six pathways that
showed replicable association with BD, involving glutamate and calcium signalling,
second messengers, and hormones. Together, these findings support the possibility
that BD is, at least in part, an ion channelopathy [22], in which aberrant calcium

signalling is important [23].

Calcium Signalling in Bipolar Disorder: Linking Genetics,

Pathophysiology, and Therapeutics

Calcium dysregulation has long been implicated in BD, based primarily on ex vivo
studies in cells taken from patients and controls. The findings are disparate, but on
balance indicate that measures of intracellular calcium signalling are increased in BD,
especially after stimulation. The abnormalities appear largely independent of current

mood state (i.e., they are trait rather than state related). Moreover, they are attenuated
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by lithium, which is used in the treatment of the disorder (Box 1). Despite the many
uncertainties, these findings led to L-type voltage-gated calcium channel (VGCC)
antagonists, with existing indications in angina and hypertension, being evaluated for
the treatment of BD [25]. Antiepileptic drugs, such as pregabalin, which act via
VGCC a26 subunits (Box 2) have also been tested [26], and lamotrigine, another
antiepileptic drug that may block calcium channels, among its various actions [27], is

an effective treatment for bipolar depression [28].

Box 2

VGCC Genes, Their Isoforms, and Relevance in Bipolar Disorder

Identifying the specific VGCCs most relevant for BD is a significant challenge,
because their genes give rise to a vast diversity of functional channels (named Cay
channels) 96, 97. VGCCs comprise multiple subunits, each encoded by one of a
subfamily of separate genes. The properties of the ten distinct al subunits (encoded
by the CACNA1- gene family) depend on the accessory subunits to which it is bound
(Figure 1). The main accessory subunits are the p (encoded by CACNB1-4) and 26
(encoded by CACNA2D1-4) subunits, which are obligate in most cases [98]. Current
VGCC antagonists block the L-type channels; the anticonvulsant/analgesic drugs

pregabalin and gabapentin are 020 ligands [30].

Further channel diversity arises because each gene gives rise to multiple isoforms.
The human CACNA1C mRNA has at least 50 exons and over 40 predicted isoforms
(arising from transcriptional and splicing mechanisms). CACNA1C splicing gives rise
to channel isoforms that are differentially expressed in brain compared with heart, and
which differ in their biophysical properties, including voltage-gating characteristics

[97]. Another feature affected by splicing is the isoform sensitivity to existing VGCC
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antagonists [98]. This suggests that it might be possible to selectively target splice
variants that mediate disease risk and/or are preferentially expressed in the brain,
compared with peripheral tissues (particularly the cardiovascular system, where
VGCCs are also abundant), thereby maximising their therapeutic potential and

tolerability in BD [25].

Given these considerations, defining the repertoire of VGCCs present in different
human tissues is important, as is identifying which ones are impacted by the BD-
associated risk variants or by BD itself. However, information on the transcript
diversity of human VGCC subunits is sparse, particularly in brain. Furthermore,
because VGCC subunit genes are large (full-length CACNAL1C mRNA, for instance, is
over 10 kb long), the transcript structure of most isoforms remains unclear.
Characterising the profile of full-length VGCCs isoforms in the human brain,
compared with other tissues, and assessing which are altered in association with
genetic risk for BD, are critical first steps in translating the VGCC genomic findings
into pathophysiological insights and novel treatment targets. The availability of large,
high-quality human postmortem brain series and technological advances in the field of

RNA sequencing make this goal achievable.

The results of the recent genomic studies strongly suggest that the involvement of
calcium signalling in BD is at least partly causal [29], and have rekindled attempts to
explain more precisely the nature of the alterations, not least because this may provide
clues to more-effective and tolerable drug strategies to normalise them [30]. However,
the discovery of genetic variants is only the first step, and provides many more
questions than answers. Calcium signalling offers an informative exemplar to
highlight the opportunities and complexities associated with moving from psychiatric

genomic discoveries to pathophysiological insights and therapeutic advances 31, 32.
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Genomic data provide a starting point to identify the molecules involved in the core
‘calcium pathophysiology’ of BD. They focus attention on the VGCCs, especially of
the L-type, and their accessory subunits (encoded by the CACNXx genes; Box 2). As
indicated above, the best evidence is for CACNALC (encoding the a1l subunit of Cay
1.2), but pathway analysis also suggests a role for CACNA1D and CACNB3 29, 33,
and other VGCC genes are implicated in BD by rare variant studies [13]. Of note,
apart from BD, CACNALC is associated with schizophrenia [34] and major depression
[35], and CACNB?2 confers susceptibility to multiple psychiatric disorders [17].
Involvement of VGCC genes has also been reported in large-scale genomic studies of
BD-relevant phenotypes, such as working memory performance and the associated
patterns of brain activation [36], as well as in general cognitive functioning [37].
There are also smaller candidate gene studies that suggest effects of CACNA1C
genetic variation on brain imaging phenotypes 38, 39 and on cognitive domains, such

as reward responsiveness [40].

Identification of the molecular basis for disease associations is a key step in
understanding the mechanisms linking VGCC genes with BD. The VGCC loci
revealed by GWAS are noncoding, and while large-scale exome studies may identify
rare variants that disrupt the coding sequence of VGCC:s, it is unlikely that the BD-
associated GWAS loci tag as-yet-unidentified, disease-causing mutations. Instead,
they probably act by influencing aspects of gene expression, including methylation
[41], alternative promoter usage, and RNA splicing [42]. In the case of CACNALC,
the index risk polymorphism for BD (rs1006737) is located in the third intron. On
balance, the available data indicate that the risk allele is associated with enhanced
expression and activity of the gene product 43, 44, but there are conflicting findings

45, 46, precluding firm conclusions. Some of the variability in these results may be
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due to differences in the effect of rs1006737 on CACNALC expression between brain
regions. Inconsistencies may also result from the risk single nucleotide polymorphism
(SNP) differentially altering the abundance of particular splice variants, as has been
observed for other BD-relevant genes, including ANK3 [47] and ZNF804A [48]. In the
case of ANKS3, there is evidence that the shift in isoform ratios has functional
consequences for neuronal physiology [49]. Efforts to identify and understand
whether altered splicing is also relevant for CACNALC and other VGCCs are
hampered by the limited information about their isoform profile in the human brain
(Box 2). This information is critical since splicing patterns are poorly conserved and
the brain shows one of the greatest diversities of alternative splicing [50], meaning

that the current data, which pertain to other species and tissues, are insufficient.

While the identification of specific VGCC subunits and isoforms that mediate BD risk
is important, better understanding of the underlying biology is also crucial. This
requires the use of appropriate cellular and animal model systems, as well as in vivo
approaches in humans. For cellular analyses, in addition to standard cell lines, which
are useful for studying the function of individual genes, induced pluripotent stem cells
(iPSCs) may prove valuable. Indeed, iPSC-derived neurons have already provided
intriguing data to support the presence of cellular BD-related phenotypes, including

alterations in calcium signalling (Box 3).

Box 3

Stem Cells and the Calcium Pathophysiology of Bipolar Disorder

The potential of iPSCs for studying cellular phenotypes of psychiatric disorders such
as BD is considerable, and the approach has already been exploited in several studies.

These have been of three designs: comparison of BD with healthy patients;
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contrasting lithium-responsive versus lithium-unresponsive BD cases; or evaluating

the effect of BD risk genotypes.

Mertens et al. [100] generated dentate gyrus-like neurons and showed that cells from
patients with BD were hyperexcitable, with differences in several electrophysiological
and transcriptional parameters; moreover, the excitability was normalised by lithium,
but only in cells derived from patients who had responded clinically to the drug.
Notably, these findings were largely replicated in a separate cohort and using a
different methodology [101]. Taking a genetic strategy, Yoshimizu et al. [44] made
induced neurons from 24 people, genotyped for the CACNALC rs1006737
polymorphism, and showed that CACNALC gene expression and calcium current

density were greater in risk allele homozygotes compared with nonrisk carriers.

3D differentiation approaches are now being used to produce ‘brain spheroids’.
Although no studies of this kind have yet been reported using iPSCs from patients
with BD, Birey et al. [102] reported that, intriguingly, spheroids made with iPSCs
from patients with Timothy syndrome (caused by a gain-of-function coding
CACNALC mutation) exhibited interneuron migratory abnormalities that could be
normalised by a VGCC antagonist. The finding draws attention to a possible role for
early developmental events and specific interneuron populations in mediating the role
of calcium signalling in the pathogenesis of BD. Studies using spheroids in BD may
be valuable in helping identify circuit-level phenotypes, while CRISPR techniques to
selectively manipulate disease-relevant VGCC isoforms and variants could aid the

identification of the key molecular mechanisms.

These findings, and others (e.g., [103]), illustrate how iPSCs are providing new clues

regarding the neuronal phenotypes of BD, and support an involvement of calcium
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signalling in these processes. The results encourage further efforts to extend and scale

up the work [104].

The molecular findings can also help guide the development of rodent models
overexpressing or lacking specific VGCC genes 51, 52, 53 or splice variants thereof
[54], in which their functional impact can be studied in the intact animal. For
example, embryonic deletion of Cacnalc from forebrain glutamatergic neurons in
mice produced BD-relevant behavioural and cognitive effects and an increased
susceptibility to stress, whereas the same deletion during adulthood caused a lesser
and, in some instances, opposite phenotype [51]. This effect of developmental stage
on the phenotype is intriguing, given the characteristic early adulthood age of BD
onset, and its childhood antecedents (Box 1). In a separate study, the phenotype of
Cacnalc-deficient mice could be rescued using a small-molecule inhibitor of the
translation initiation factor elF2a [52], giving clues as to the possible intervening

biochemical mechanisms.

In parallel with these various genetically driven approaches, pharmacological
investigations of VGCCs in humans are possible because of the existing L-type
VGCC antagonists, which can be used as experimental tools and for proof-of-
principle studies. Their availability is a distinct advantage compared with most other
genetically supported therapeutic targets in BD, for which no such drugs are available.
To date, the clinical trial data linking L-type VGCC blockade with therapeutic
outcome in BD (and, indeed, their psychiatric effects more generally) are wholly
inconclusive [25]. Hence, a priority is to investigate in detail the impact of brain-
penetrant VGCC blockers on BD-relevant phenotypes, including detailed measures of
mood, cognition, sleep, and brain activity [55], and with the incorporation of genotype

as a factor [56]. The potential psychiatric effects of VGCC antagonists can also be
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assessed using routinely collected clinical data; for example, a study of electronic
medical records in Scotland reported higher hospital admission rates for depression in

patients given VGCCs compared with those prescribed other antihypertensives [57].
New Approaches to the Bipolar Phenotype
Digital Psychiatry

Complementing the developments from genomics-driven discovery science, novel
methods are being applied to characterise the BD phenotype, and thereby provide new

perspectives on its key elements.

Conventional psychiatric assessments rely on cross-sectional, retrospective analysis of
the pattern of symptoms over weeks or months. Being based on a patient’s or
informant’s recall, this approach is subject to inherent biases and unreliability,
especially when, as in BD, the key feature is not simply a symptom (mood), but its
profile of variation over time. Several approaches have been used to try to improve
the reliability and validity of BD assessments 58, 59. The main advances are emerging
from developments in information technology, including the increasingly widespread
use of connected and wearable devices: we are entering an era of ‘digital
phenotyping’ in psychiatry [60], with BD, we would argue, at the forefront [61]. One
early example is the True Colours platform, which allows patients to submit (by text,
email, web, or app) their ratings of depression, mania, and other symptoms, in
response to a weekly or daily prompt, resulting in a longitudinal and graphical

representation of symptom course [62].

Importantly, smartphones and other devices allow the remote capture of not only
contemporaneous self-reporting of symptoms, but also behavioural, cognitive and

physiological measures, such as heart rate, activity, geolocation, speech, and
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facilitate a change from entirely symptom-based characterisation of psychiatric
disorders, such as BD, towards a more multimodal, biologically informed one. Thus,
they raise the prospect of more-objective, data-driven diagnoses, and ultimately
personalized predictions of illness and treatment response. However, this promise has
yet to be realised; the initial hype about digital phenotyping, including its application
to BD, has been tempered by increasing awareness of the significant technical,

analytical, and other issues involved (Box 4).

Persistent Mood Instability

Notwithstanding the many challenges, the longitudinal, long-term collection of data
using digital approaches has already contributed to a renewed focus on the ‘real-
world’ phenotype of BD. One example is the appreciation that many patients have
chronic mood instability (also called affective lability), persisting during euthymia.
This contrasts with the simplistic textbook description of BD as comprising periods of
normal, stable mood in between the episodes of depression and mania (Box 1).
Although this reality was already appreciated by experienced clinicians 69, 70, it is
the use of digital methods that has led to a greater awareness of mood instability,
which in turn has encouraged research to understand its origins and significance.

Here, we briefly review some of these implications.

Mood (in)stability is a continuous variable, and is present to varying extents in
healthy individuals 71, 72. Therefore, it is a useful phenotype for studies seeking to
identify mechanisms underlying mood (dys)regulation per se, and a range of
experimental approaches are being taken. For example, it can be viewed from a

computational perspective, with models showing how mood instability interacts with
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reward sensitivity to alter performance [73]. One can also ask how mood instability
relates to variation in neural activity across a range of temporal resolutions, using
functional MRI [74] and magnetoencephalography [75]. In addition, mathematical
analyses, such as those outlined in Box 4, can help explain the relationships between
fluctuations in mood and other parameters, ranging from environmental exposures to

behavioural variables 66, 67.

Mood instability is prominent not only in BD, but also in several other psychiatric
disorders, such as attention deficit disorder, borderline personality disorder, and
schizophrenia 76, 77. It is therefore a trans-diagnostic construct, compatible with the
NIMH Research Domain Criteria project [78]. Thus, understanding the origins and
mechanisms of mood instability, and the biological and behavioural sequelae of
interventions which modify it — is therefore likely to have value beyond BD. Indeed,
mood instability is a moderately heritable trait in the general population, and the first
genome-wide significant loci have been reported [79]. Apart from studying the
implicated molecules and pathways in their own right, it will be of interest to
investigate the extent to which the risk loci for mood instability overlap with those for
BD specifically, and other disorders involving mood instability. Moreover, the
specific characteristics of mood instability (e.g., its frequency, amplitude, or impact
on behaviour), while partially overlapping, may differ sufficiently between disorders
[80] to help gain traction on the underlying neural mechanisms, providing further
clues to the biological bases of these illnesses and leading to refinements in

classification.

Finally, mood instability has potential immediate value as a therapeutic target. First, it
may provide a way to screen novel treatments for BD more rapidly and cost-

effectively than conventional clinical trials, in which treatment or prevention of
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depressive or manic episodes are the usual outcomes, requiring prolonged periods of
observation. In this sense, early mood stabilisation could prove to predict therapeutic
efficacy in the way that rapid effects on emotional processing predict subsequent
therapeutic response in unipolar depression [81]. Moreover, the rapid effects of
antidepressants on emotional processing are seen in euthymic subjects as well as in
those with depression; similarly, new treatments for BD, such as novel VGCC-acting
drugs, could be screened in patients who have unstable mood but who do not have a
formal diagnosis. Second, stabilisation of mood may be beneficial in its own right,
above and beyond simply preventing clinical episodes of depression and mania,
because mood instability independently predicts poor functional recovery in BD, and
worse outcomes of various kinds 76, 82, 83, 84. In addition, since mood instability
often occurs before the onset of BD 85, 86, such treatments might have a preventative

role.

In summary, the emergence of persistent mood instability as a construct illustrates
how digital methods can highlight neglected or hard-to-characterise psychiatric
phenomena, and stimulate a range of studies into their origins, mechanisms, and
therapeutic implications. Comparable approaches are being taken to other components
of BD, such as circadian dysregulation and reward sensitivity. Although the work is at
an early stage, it is likely ultimately to alter the view of the core phenotype of BD,
with a greater role for biological and quantitative data in BD diagnosis, prognosis, and

management.
Concluding Remarks

Our understanding of BD remains frustratingly limited. It continues to be a descriptive

syndrome, since we lack sufficient knowledge to allow its characterization or
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conceptualization based on aetiology or mechanism. Certainly, many questions
remain. However, there are reasons for optimism. First, the discovery of some of the
BD risk genes has the potential to revolutionise our understanding of its pathogenesis
and neurobiology. Second, the use of digital technologies and remote sensors, coupled
with advanced analyses of the resulting data, is already allowing a more-quantitative,
longitudinal approach to the BD phenotype. This raises the potential for better
prediction of an individual’s clinical course, and also provides a more-sophisticated
phenotype for behavioural and biological studies. In both of these domains, a common
feature is the increasing importance of ‘big data’, whether in terms of the genomic
studies, or the multidimensional data streams captured by digital devices. Third,
although not discussed here, structural and functional brain imaging is helping to

identify the key neural circuits of BD and may also have diagnostic and prognostic

The ultimate goal of these contemporary approaches is to allow a more scientifically
informed, evidence-based approach to how BD is classified, measured, and treated
[91]. Possible changes include redrawing or removing the diagnostic boundaries
between BD and other disorders involving lability of mood, emotion, and behaviour;
the inclusion of behavioural and physiological correlates of mood and mood
instability (or other symptoms) into clinical practice; a focus on identifying
interventions that can stabilise mood independent of the underlying diagnosis; and

new, genetically informed treatments, such as those targeting VGCCs.



I'wooapr Opov

AI'TAIKOX OPOX

EAAHNIKH
AIIOAOXH

ITHT'H

adverse effect

avemBounTn EVEPYELD

https://www.eof.gr/web/g
uest/yellowcardvet

affective lability

oLVOGOMUOTIKY
gopetafantommra

https://docplayer.gr/63834
74-1-empeiria-apo-ti-
meleti-tis-diatarahis-
elleimmatikis-prosohis-
yperkinitikotitas-depy-
enilikon-stin-ellada.html

alternative promoter

EVOALOKTIKOG VTTOKIVITIG

https://pergamos.lib.uoa.g
r/uoa/dl/frontend/file/lib/d
efault/data/2898444/theFil
e

alternative splicing

EVOALOKTIKO pdTiouo

https://pergamos.lib.uoa.g
r/uoa/dl/frontend/file/lib/d
efault/data/1518282/theFil
e

analgesic drug

OVOAYNTIKO ApLOKO

https://www.galinos.gr/we
b/drugs/main/drugs/lonari
d-n

angina

ot 0dyym

https://www.hygeia.gr/ast
athis-stithagxi-
epemvatiki-i-
farmakeytiki-
antimetopisi/

animal model system

ocvotnpa {oikov
LOVTEALOL

http://www.eie.gr/nhrf/ne
ws/2020/2020_02_20_Pre
ssRelease NHRF_ACCC
_gr.pdf

ankyrin G

aykvpivn G

https://core.ac.uk/downloa
d/pdf/132800189.pdf

antagonist

OVTOYOVIGTNG

ZtaguAiong, A.A. (2015).
loztpixo AeCiko
ayyLoerinviko-
eAlnvoayyliko.
®eoccarovikn: Exdooelg
«Potdvtay.

anticonvulsant drug

OVTIGTIOGLOOIKO QAPLLOKO

Konstantinidis, G. (2005),
Elsevier's Dictionary of
Medicine and Biology in
English, Greek, German,
Italian and Latin, 1%
Edition, Elsevier B.V.




antidepressant (drug)

ovTIKaToOMITTIKO
(pappaxo)

https://www.galinos.gr/we
b/drugs/main/nomcodes/0
4.04

antiepileptic drug

OVTIETMANTTIKO QAPLLOKO

https://www.galinos.gr/we
b/drugs/main/nomcodes/0
4.05

antihypertensive (drug)

OVTITEPTAGTKO
(pappaxo)

Konstantinidis, G. (2005),
Elsevier's Dictionary of
Medicine and Biology in
English, Greek, German,
Italian and Latin, 1%
Edition, Elsevier B.V.

antipsychotic (drug)

AVTYLYOGTKO (QGAPUAKO)

https://www.galinos.gr/we
b/drugs/main/nomcodes/0
4.02

anxiety disorder

ayx®omng dratapoyn

IATE
[EAETO/ZvALoyiko
Méhoc “Ondoda
Oporoyiag IATPOTEK” -
OMAAA-
KATZAPAKHX]

dlatapoyn EAMELOTIKNG

https://www.euroclinic.gr/
article/diataraxi-

attention deficit disorder TPOGOYNG elleimmatikis-prosoxis/
https://www.didaktorika.g
rleadd/handle/10442/2387
biological marker BroAoyikdg delkng 3
http://ikee.lib.auth.gr/reco
bipolar depression SmoMKY KatdOlwyn rd/326002?In=el

bipolar disorder (BD)

dumolkt| dwatapoyn (AA)

IATE
[EAETO/ZvAhoycod
Méhog “Opdoa
Oporoyiag IATPOTEK” -
OMAAA-T" Katcopdxng]

SuroAkn droTapoyn TOTOV

http://www.bipolar.gr/ind
ex.php?option=com_cont
ent&task=view&id=28&I

bipolar | I temid=400
http://www.bipolar.gr/ind
ex.php?option=com_cont
dumolkn| dratapoyn tomov | ent&task=view&id=28&l
bipolar Il 11 temid=400
http://artemis.cslab.ece.nt
ua.gr:8080/jspui/bitstream
QAGLOL SUTOMKNG /123456789/15537/1/DT2
bipolar spectrum disorder dratapoyns 009-0278.pdf
https://www.onmed.gr/yg
eia-
borderline personality oploKT dtatapayn psyhikh/story/328997/oria

disorder

TPOCOTIKOTNTAG

ki-diataraxi-




prosopikotitas-zoi-se-
aspro-mayro

Muyoniiong, I'.1., BéCov-
Maykovtn, N. (2005).
Ayyloeiinviko -
Elinvooyylixo Aeiko twv
latpikawv Opawv. 5"
‘Exdoomn, AOnva: latpikég

brain EYKEPAAOC Exdooeic Kovotoviapac.
http://panacea.med.uoa.gr
brain imaging EYKEQPAAKN anewkdvion | /topic.aspx?id=897

brain spheroid

EYKEPOUAMKO GOUPOEIOES

[Ipotoon- Anddoon
[https://www.scientificam
erican.com/article/growin
g-brains-in-the-lab/]

calcium

acPéatio

IATE [Mavovcdkng I,
evuc ko Avopyovn
Xnpeta, Exd. oikog
Adehodv Kvproxkion,
®eoccolovikn, 1994, 764
GeM. |

calcium channel

dtowdog acBeotiov

IATE
[http://www.galinos.gr/we
b/drugs/main/nomcodes/0
2.06.02]

calcium dysregulation

dwtapayn acPeotion

https://www.georgevalsa
makis.gr/?page_id=86

calcium signalling

onpatoddTNon acPection

https://www.healthweb.gr
/nea-ygeias/epistimonika-
nea/gynaikologia/entopisa
n-proteini-pou-voitha-sti-
gonimopoiisi,
https://www.openarchives
.gr/aggregator-
openarchives/edm/pergam
0s/000005-
_uoa_dl_object_uoadl%3
A1321232

cardiovascular system

KopOLyyElOKO GUGTN LA

Konstantinidis, G. (2005),
Elsevier's Dictionary of
Medicine and Biology in
English, Greek, German,
Italian and Latin, 1%
Edition, Elsevier B.V.

https://evaggelismos-
hosp.gr/files/epistimoniki
_enosif22_11 16 _SYPSA

case acBeviig pdf
https://elocus.lib.uoc.gr/dI
Cav channel dtowrog Cav ib/1/8/7/metadata-dlib-




1544693667-707393-
28507.tkl

cell

KOTTOPO

IATE
[EAETO/ZvALoyiko
Méhog “Opdoa
Oporoyiog IATPOTEK” -
OMAAA-
KATEZAPAKHE]

cell line

KLTTOPIKY] GEPA

http://ikee.lib.auth.gr/reco
rd/299663/files/GRI-
2018-22501.pdf

cellular model system

GUGTNUO KLTTAPIKOV
LOVTELOL

https://ir.lib.uth.gr/xmlui/
bitstream/handle/11615/4
5201/10842.pdf?sequence
=1&isAllowed=y

cellular phenotype

KLTTOPIKOG QOUVOTLTTOG

http://www.onco.gr/docu
ments/MouratidouMpouti
s.pdf

circadian dysregulation

dloTapayr| ToL KipKAdov
pvOuov

https://www.iatronet.gr/ei
diseis-nea/epistimi-
zwi/news/59506/i-
diataraxi-toy-kirkadoiy-
rythmoy-efthynetai-gia-
ta-metavolika-
nosimata.html

circadian rhythm

K1pKad10¢ puOuog

Konstantinidis, G. (2005),
Elsevier's Dictionary of
Medicine and Biology in
English, Greek, German,
Italian and Latin, 1%
Edition, Elsevier B.V.

clinical trial

KAVIKT] OOKIUN|

IATE
[EAETO/ZvAhoyo
Méhog “Opdoa
Oporoyiag IATPOTEK” -
OMAAA-T" Katcopdxng]

clinician

KMVIKOG 10TpOg

2tapuAidng, A.A. (2015).
lozpixo Aetixo
ayyroeAinviko-
eAAnvoayyriKo.
®eocolovikn: Exoooelg
«Potovtan.

coding sequence

KOOTKEDLOLGO OAANAOVYi0L

https://repository.kallipos.
gr/bitstream/11419/643/1/
02_chapter 02.pdf

cognitive functioning

YVOGTIKY Asttovpyio

https://nemertes.lis.upatra
s.gr/jspui/handle/10889/1
2188




cognitive impairment

YVOGTIKT EKTTTMOON

https://thesis.ekt.gr/thesis
BookReader/id/18921%lan
g=el#page/1/mode/2up

cohort

KOOPTN

Konstantinidis, G. (2005),
Elsevier's Dictionary of
Medicine and Biology in
English, Greek, German,
Italian and Latin, 1%
Edition, Elsevier B.V.

continuous variable

ouveENG HETOPANTY

https://lab.imedd.org/glos
sari-statistikon-oron-gia-
archarious/

control

péptopog

https://evaggelismos-
hosp.gr/files/epistimoniki
_enosif22_11_16_SYPSA
pdf

copy humber variation

TOWIAOHOPPia ap1Opon
avILypaQmv

https://repository.kallipos.
gr/bitstream/11419/1588/
1/Chapter10_genvariation
_R.pdf

CRISPR technique

teyvikn CRISPR

https://www.europarl.euro
pa.eu/doceo/document/O-
8-2016-000097_EL.html

cytoskeleton

KUTTOPOGKEAETOG

https://www.aua.gr/fassea
s/biologia%?2014.pdf

delusion

mapaicOnon

2taeuAidng, A.A. (2015).
loztpixo AeCiko
ayyloerinviko-
eAdnvoayyliko.
Oeocalovikn: Exdooelg
«Potdvtay.

dendrite

devopitg

2taeuAidng, A.A. (2015).
lozpixo AeCiko
ayyLoerinviko-
eAdnvoayyliko.
Oeocalovikn: Exdooelg
«Potdvtay.

dentate gyrus-like neuron

VELPAOVOG TUTTOV
000VTOTNG EMKOG

XHvOeon:
https://nemertes.lis.upatra
s.gr/jspui/bitstream/10889
/464/1/Nimertis_Sarantis.
pdf

depression

KaTaOAyM

Muyoniiong, I'.1., BéCov-
Maykovtn, N. (2005).
Ayyloeiinviko -
Elinvooyylaxo Aeiko twv
lozpikawv Opawv. 5"
‘Exdoom, AOnva: latpikég
Exdooeic Kovotavtapag.




depressive episode

KotoOATIKO EMEIGOO10

https://www.drpanago.co
m/p/katathlipsi

diagnosis

dudyvaon

Konstantinidis, G. (2005),
Elsevier's Dictionary of
Medicine and Biology in
English, Greek, German,
Italian and Latin, 1%
Edition, Elsevier B.V.

diagnostic category

JYVOGTIKY KoTryopia

https://www.psychiatriki-
journal.gr/index.php?opti
on=com_content&view=a
rticle&id=206:19-3-sp-
2119192372&catid=35&I
ang=el&Itemid=575

MuyomAiong, I'.1., Bélov-
Maykobtn, N. (2005).
Ayyloerinviko -
ElAnvoayylixo Aetiko twv
latpikawv Opawv. 5"

"Exdoon, AOnva: latpikég

disease acbéveln Exd6oe1g Kovotavtapag.
https://dione.lib.unipi.gr/x
mlui/bitstream/handle/uni
pi/8495/Xeimariotis_Styli
Kivduvog ekONAMONG anos.pdf?sequence=1&is
disease risk acbévelag Allowed=y

disease-causing mutation

petdALaEn mov TpoKaiet
acBéveln

https://www.orpha.net/dat
a/patho/GR/-Costello-
GrgrAbs574.pdf

disorder

dlatapoyn

Konstantinidis, G. (2005),
Elsevier's Dictionary of
Medicine and Biology in
English, Greek, German,
Italian and Latin, 1%
Edition, Elsevier B.V.

dopamine

VTOTOULIVY

IATE
[http://www.galinos.gr/we
b/drugs/main/substances/d
opamine[]

drug

QAPLOKO

IATE [Kavoviouédg (EK)
ap1d. 469/2009 tov
Evponaikod
KowoBovAiov kot Tov
Yvppoviiov, g 6M¢
Maiov 2009, mepi Tov
GUUTAN PO UOTIKOD
TLGTOTOU TIKOV
TPOGTAGIOG YOl TOL

QAPLLOKOL




(Kwodikomompévn
éxdoon), Enionun
Eopnuepida ap1f. L 152
™¢ 16/6/2009,
CELEX:32009R0469/EL ]

https://ikee.lib.auth.gr/rec

oLVOLGONLLOTIKY ord/292266/files/GRI-
emotional processing enekepyooio 2017-19620.pdf
http://lwww.edypy.gr/site/f
TEPPOAAOVTIKOC iles/Hadjichristodoulou_C
environmental factor napdyoviog hristos.pdf
https://psychiatriki.com/?
euthymia evhopuia page id=243
https://repository.kallipos.
gr/bitstream/11419/1589/
1/Chapterll bigdatabiolo
exome eoviopa gy_R.pdf
aAANAOOYION https://core.ac.uk/downloa
exome sequencing eEOVIOUATOG d/pdf/132822685.pdf
2taeuAidng, A.A. (2015).
lozpiko AeCiko
ayyroeAinviro-
eAdnvoayyiixo.
Oeocalovikn: Exdooelg
exon eEMvio «Potovray.
https://core.ac.uk/downloa
forebrain 1pO6010¢ EYKEPAAOC d/pdf/132823191.pdf
https://www.psychiatriki-
journal.gr/index.php?opti
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b/drugs/main/substances/g
abapentin
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gene expression
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Tpomomoinom ¢ odnyiog
2001/83/EK tov
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«Potovtan.

glutamatergic neuron

YAOLTOUIVEPYIKOG
VELPDOVOG
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heritability

KANPOVOUNGILOTNTO

https://repository.kallipos.
gr/bitstream/11419/1642/
1/02_chapter 9.pdf

homozygote

opoluydtg

IATE
[EAETO/ZvAoyiko
Méhoc “Opdda
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b/drugs/main/icdcodes/F3
0

medical record

16TOPIKO 0.60eVoNg
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£vvola TG voonpoTtnToc,
Apyela EAAmvucng
latpwkng 2001,
18(3):3030-311
http://www.mednet.gr/arc
hives/2001-3/pdf/303.pdf
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otatot.0pov K.
AbBavacibon &
INwoocdplo ToAdylwoong
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MuyomAiong, L. I'. (2005),
AyyhoeAnviko &
EAAnvoayylikd AeEikod
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eAdnvoayyliko.
Oeocalovikn: Exdooelg
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el/science/cognitive-
skills/processing-speed

prodrome

TPOJPOLO GOUTTOL

IATE
[EAETO/ZvAhoyko
Mélog “Opdoa
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LEX01169/Lectures/06_b

RNA sequencing aAAnAovyion tov RNA | ioinf_kolovos.pdf
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lozpikcov Opav. SN

"Exdoon, AOnva: latpikég

Exd6oeic Kovotavidpag.

second messenger

OEVTEPOG ALYYEMOPOPOG

https://eclass.duth.gr/mod
ules/document/file.php/A
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b/drugs/main/nomcodes/0
4.05.02

splice variant

TOPOAAAYT LOTIGLOTOG

https://www.didaktorika.g
rleadd/bitstream/10442/44
576/1/44576.pdf

splicing
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IATE
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Méhog “Opdda
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splicing mechanism

UNYavVio oG TOV
LaTiGLOTOG

https://slideplayer.gr/slide
112201961/

splicing pattern

TPOTLTO PATIGLOTOG

https://docplayer.gr/41418
027-Thema-diplomatikis-
ergasias.html

stem cell
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substance use disorder

dlatapoayn ¥pPNoNG OLGLOV

http://ikee.lib.auth.gr/reco
rd/110595/files/GRI-
2009-2212.pdf

susceptibility locus

YEVETIKOG TOTOG
eumadeLlog

https://issuu.com/liveloula
/docs/paediatriki_2013 7
6_1/21

symptom
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2tapuAidong, A.A. (2015).
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2taeuAidng, A.A. (2015).
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transcriptional mechanism
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20Genetics%202.pdf

translation initiation
factor

mopayovtag Evapéng g
HETAPPOOTS

https://nemertes.lis.upatra
s.gr/jspui/bitstream/10889
/12452/3/Nemertes_Katop
0di%28med%29.pdf

treatment

Bepameia

Konstantinidis, G. (2005),
Elsevier's Dictionary of




Medicine and Biology in
English, Greek, German,
Italian and Latin, 1%
Edition, Elsevier B.V.

twin study
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(2012), H avémtuén g
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dwdvpovg, 415-433,
YYXOAOTIA, 19 (4)

unipolar depression
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XtaguAidng, A.A. (2015).
lozpixo Aeliko
ayyLoELinviko-
eAdnvoayyliko.
®eoccarovikn: Exdooelg
«Potovion.

variable

uetafint

IATE [EAAnvik)
MoOnpatikr Etaipia]

verbal learning

AekTikn pdbnon

https://repo.lib.duth.gr/jsp
ui/bitstream/123456789/1
1388/1/ZachouVKalousio
uV_2018.pdf

voltage-gated calcium
channel (VGCC)

TOGEOEAEYYOUEVOG
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books/wp-
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voltage-gated sodium
channel
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ass/modules/document/fil

e.php/BIOTECH139/ion_
channels-pumps.pdf

working memory

pvipn epyaciog

https://neyrologos.gr/mni
mi-eidi-diataraxes/

ol subunit
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020 subunit
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B subunit

B vropovada

https://core.ac.uk/downloa
d/pdf/161657368.pdf




MeTa@paoTIKOg X0MAOHOS

To mopdv keipevo to omoio emA&yOnke Tpog petdppaocn ota TAaiclo
EKTTOVNOTG TNG TOPOVGOS TTUYIOKNG EPYOCIOC ATOTEAEL 10l EMLGTNUOVIKY] ONLLOGIEVOT
ue titho «The Emerging Neurobiology of Bipolar Disorder». Zvyypageic tov mpog
petappaon kewévou eivon or Paul J. Harrison, John R. Geddes kou Elizabeth M.
Tunbridge. Kot ot tpeig cuyypageic eivat £ykprtot EMGTAIOVES, AKAOTUAIKOL 6TO
tuua Poylatpikng tov [Hoavemotnpiov g OEEOpONG, Le LeYAAN GUVEIGPOPE 6TV
TPk Kot 101KOTEP TNV Yoyatpikn Piprloypagic. To mpog petdppaocn keipevo
onpooctevdnke 1o 2018 otov wotdTomo tov EOvikov Kévipov ITAnpopopiadv yio
Buotgyvoroyia (NCBI) tov Hvopévev Iolteidv. Kevipikn| Ogpotikn tov keyévov
elvar n vevpoBroroyio g durorkng dtatapoayns. Ot cuyypageig TpaypaTomolovy
eMioNG oL EKTEVY] AVOPOPE GTT GUUTTMOUATOAOYIO KO T YOVIOLOUATIKY) TNG
Swtapayns. TéLog, kKavouv Adyo yio T GLUPOAT TV VEWOV TEXVOAOYIKADV
EMTEVYUATOV GTN TPOYVAOGT, TN O18yVmoT| Kot T Sy eIpLoT oVTNG TG WUXLLTPIKNG
vooov. A&ilel va emonpoaviei 6t 1 vevpofroroyia amoteAet Eva moAvdOdcTATO
EMGTNUOVIKO TED10, TO OTTOI0 AVAYETOL GTNV EMGTHUN TNG LUTPIKNG, EVO cuvepPYaleTon
OTEVA LLE TOUEIG OTI™G 1] LOPLOKY] Kot 1] KVTTaptkT) Brodoyia, n ymueio,
QOPUAKOAOYIQ, 1) YEVETIKT), 1] PUGLOAOYIO, 1] YVOGLOKY ETIGTAUN Kot GAAOL,
TOPEUPEPEIS TOUELG TOV PUGIKDOV ETGTNUOV.

To mpog petdppacn keipevo givar Eva eEE1OIKEVIEVO KEILEVO 10TPIKOV
TEPLEXOUEVOD KOl ATELOVVETOL GE EEEIOIKEVUEVO AVOLYVMOGTIKO KOWVO, TO 0010
anoptiletol 6YedOV AMOKAEIGTIKA GTO GOVOAD TOV OO EWONUOVES TTOV AVIIKOLV GTOVG

KAAOOLG TV EMGTNUAOV VYElNG. LG K TOVTOV, TO HETAPPOUCTIKO OTOTEAEG LA



amevBouvetal Kot antd o€ EEOTKEVUEVO AVAYVMOOTIKO KOWVO, TO 07010 givat
€EOIKEIMUEVO E TIG YAMGOIKES, LOPPOAOYIKES, TUTOAOYIKEG KOl EMIKOIVOVIOKEG
ovuPdoelg Tig omoieg emPAAAEL TO TPOG LETAPPOOT KEIPEVO KABMG Ko [e TV
€EEIOIKEVEVT] 1ATPIKT] OPOAOYID KOl VPOG.

210 mAaioto avtd, a&ilel va yiver po avaeopd otn Bewpio Tov Lkomov. O
Vermeer, o, Adyio. tov omoiov amotvrmvovtotl ot Nord (2014, oc. 70-75), epappolet
™V éVvola ToV KOOV ¢ OepeAdon apyn KAOE HeTAPPACTIKNG O100TKAGTOG.
«ZKomdoy, cOHPVa pe ToV VEIMEET, «GLVIGTA TO TEMKO OTOTEALEGILO TO OO0
EMOIOKEL TO POV VTTOKEIEVO pEG® pag dpdong». H Nord (2014) eicdyst
ouakpron petald mpdeong kot Aettovpyiog, cOUE®VA pe TNV omoia 1 TpdOeon
opiletar Paoet Tov TOUTOL 0 0TOI0G EMOLDOKEL EVa GTOYO, EVA 1) Agttovpyia opiletan
G€ GLVAPTNON LLE TIC TPOGIOKIES, TIG AVAYKES KOl TIG GLVONKES OV EMPAAAEL M)
exdotote mepiotaot. H Bempio tov xomov eivon dpeca cuvopacuévn pe 1o
LETOPPOOTIKO VITOKEIEVO KaO®G, OTwg emonuaivel n Nord, n Tietovotnta tov
LETAPPACTIKAOV OPAGEDV EMTPEMEL LKL GELPE SLUPOPETIKAOV ZKOTAOV. O HETAPPOACTNG
Bo pémel va elvan o€ BEom Vo ATIOAOYNGEL TNV EMAOYT EVOG GUYKEKPLUEVOL LKOTOV
o€ Lo OJOUEVT] LETAPPACTIKY GUVONKN. TNV TOPOLGA LETOPPACTIKY dladkaciol
KO TPOEKTIUADVTOG TO KEWWEVIKO €100G, TN YADGGO TOPOY®YNS, TO KOWO-GTOYXO KOt TNV
EMKOWVMOVIOKT AelTovpyia, amEPAEYA GTNV TOPAYM®Y EVOG UETAPPAGLOTOS TO OO0
Ba Tpel OAeG TIC YAOOGTIKES, VPOLOYIKEG KOl KEWUEVIKES GLUPAGELS TOVL SETOVV TO
TPOG LETAPPAOT KeleVO, Oa petapépet e axpifeta kot cagnvela To vomua, Oa
eEummpetel Tov TIBéEVO oKOTd, TNV TPOBEGN KoL TNV EMKOVOVIOKT AELTOVpYio TOL
TPOTOTVTIOL, B0l AVTOTOKPIVETAL GTIG TPOGOOKIES TOL KOVOD Kot TEAOG, Ba elvar
YAOGGOAOYIKA, VPOAOYIKA KOl AEITOVPYIKA 1G0OVVAO LE TO TPOTOTLTO KEIUEVO GE

onpeio dg, oV 1BAVIKA, 0V Oa fval EVOAKPITO OTL TPOKELTAL Y10 LETAPPAOT).



To xelpevo-mnyn aviKel 6TV KOTYopio TOV E0IKOV KEWWEVOV. Q¢ £101KO
Keipevo opileTon To KEIUEVO «TO OTOT0 TEPTYPAPEL LU0 GUYKEKPIUEVT], U1 YAWGGIKN
TPOYLOTIKOTITO KOl EMITEAEL [L0L GLYKEKPIUEVT] KOl VGTNPa KaBoptopévn
emkowvoviakn Asttovpyion (Keravopiag, 2007, o. 56). H emkowvmviakn Aettovpyia
TOV €101KOV KEWWEVOL GLVIGTATOL GTN HLETAPOPE EVOC UNVOLOTOG E0TKNG @VONG OE £val
€EEIOIKEVUEVO 1] U1 KOO, SLOTPDOVTOG TNV OGO TO OLVATOV HEYOADTEPT 1G0dVVaLLi
Ko axpifeto. H enitevén g petddoong tov unvOIaTog GUVTEAEITOL LEGM TNG XPNONG
MG €0IKNG YAMGGOS, NTOL TO GUVOAO TMV EVEPYOTOUGEMY TOV YAMGGIKMOV LOVAO®V
LG QUOIKNG YADOGOG G OPIGUEVA KEWLEVIKA TTEPIPAAAOVTA, T OOl TPOGIOALoVY
o¢g kamoto meodio dpactnprotrags. H dnpovpyia edikedv yAowcsoov mnyalet omd v
aVAYKT TOV ETGTNUOVOV Y10, EMKOVOVIN, AVTOAAY 10DV Kot LETAG00M
€EEOIKEVUEVOV UNVOULATOV YOP® atd TO YVMOGTIKO TOVG AVTIKEILEVO. ZOUQ®VA [LE TOV
Evoomovro (2018), ot 101kég YADGGES StapopPdvVovTaLl BAGEL TOV EMAYYEALATOS 1|
NG EMOTNUOVIKNG £EE10TKELONG N TNG OPAGTNPLOTNTOS TOV OUANTAOV TOVG,.

To keipevo-mnyn elvar S1ATLIOUEVO GE E101KN YADGGA, GUYKEKPLUEVO GTNV
wTpikn. H watpikn yYAdooa £xel 10 01K NG 10104TEPO YAWMGGIKO KOIKO Kol 0pOAOYidL.
Xopaknplotikd g etvar 1 duvatdTTo TOOTATNG OVAVEMCTG Kot dNpovpyiog
TPOTOTLTING 0porOYiag, N omoio AAUPAVEL YDPO KATE KOPOV STV ayyYAIKT. ZOUP®VOL
pe v [apiavov (2004, oo. 371-374), n EMANVIKOTNTA TNG WTPIKNG YADCGOG
dwcpaiicOnke pécm tov Inmokpdtn. Avoueifoia, 6to Keijlevo damoT®VETOL I
xpNon eErnvoyevovg AeEhoyiov. Evdeiktikd mapoatnpodviat ot 6pot «Symptomsy,
«diagnosis», «phenotype», «therapeutics», k.o0.x.. EmumAéov, evtonilovtatl 6pot
amoTELOVEVOL 0td EAANVIKE TPOBTLaTa, T OOl £Y0VV TEPAGEL TNV AYYAIKN LEC®
HETAYPOONGS, Kot GuvodevovTal and Evav ayyAko 6po. Evoektikd, mapovasidlovtol ot

opot «antidepressant», «anticonvulsant», «antihypertensive», aroteAovpevot oo ta



eMnvoyevn Tpobnuata avti- Kot -umép-. H eAAnvikn kuplapyio 6Ty 10Tpik] YAOGGQ
dpyioe va vroywpel Tov 180 aidva pe v EAevomn ™S AATIVIKNG. £TO TapOV KEIUEVO
evtomiCovtal o1 Opot «eX VIVO», «in Vivo» kai «postmortem». Ot 6pot awtoi givat
TEPUTTAOGELS OLUYAMGSIKOV EMTEPTKOV dOVEITUOV Kot £xovv evtayBel oTo EAANVIKO
€101KO 10TPIKO 1OIOAEKTO SLUTNPDVTOG OVUALOIMTN TNV OPYIKT TOLG CUAGTO Kot
GYNUATIGUO.

Oocov apopd 1 pedodoroyia TG LETAPPAONGS, N YOUPAKTNPIOTIKY e€e1dikevon
TOV KEWEVOL amantel amd tov petappactn evoeieyn épevva. To keipevo kpvPet
dVoKOAES Kot WO1TEPOTNTES, OL OTOTEG dEV VOl EVOLAKPLTES LE L0 TPAOTN
avayvoon. Kabng dev euminto 6tovg HeTappaoTES (e eEE10IKEVGT GTNV 10TPIKT
HeThppacn, Bedpnoa TO TPMOTUPYIKO LEANLO TPETEL VO OMOTEAEL 1] EPELVOL KOL 1|
LEAETT), 0VTOC MOTE VO KATAGTEL OLVATY| 1] TEAKT) TOPAYDYN TOV LETAPPAC LOTOG.
Metd v evoeheyn avayvmon Tov KEWEVO, TPOYDPNGU GTNV LEAETT CLVAPDV
KEWWEVOV Kol TNV £peuva o€ £YKpiteg TyEg, mov Ba fonbovcav 6Ty KaTavonon Tov
vonuatog. OGov aeopd TN CLUTTOUATOAOYIO TNG dlaTAPOYNG, TPOEPNV BTNV EpELVA.
Kol LEAETN GYETIKAOV EVIVTIMV Kol NAEKTPOVIK®OV ONUOc1Ece®V. Ot NAEKTPOVIKES
TNYEG TOL YPNGLOTOINGA TPOEPYOVTAL KUPIWE 0td TOV 16TOTOTO Tov American
Psychological Association ka1 tov British Psychological Society, evd ypetidotnke va,
LEAETNOM KO AKOONUOTKES EPYAGIES TOV AVAyOVTOL OTIS EMOTNESG LYeiag. [owaitepa
TOADTIUN NTAV 1] GUUPOAT| TOV EVIVT®V TNYOV Kot 31 TOL AloyveoTikoD Kot
YTaTIoTIKOV EYYEWPLOI0V TOV Yuyikodv dtatapaydv (DSM-1V-TR).

Metd amd avTd 10 6TAO10, TPOYDPNCO GTNV EVPEST KEWEVOV TOV APOPOVV
GLYKEKPLUEVA GTN VELPOPLOAOYia TNG OUTOAKY|G dtaTapayns. Aedopévou 0Tt TO
TPOTOTLTO Keipevo Ppibet e€edkevpévng oporoyiog, TOLAAYIGTOV OGOV 0POPE GTN|

VeLPOPLoAOYia KoL TN YOVISI®UATIKY, Kot dEGOUEVOL OTL 1) Wiaitepn cHVTAEN TOV



TPOTOTOITOL KOl Ol GLVTOKTIKES GLUPAGELS Oev Pfonbodoav Wiaitepa 6TV Katavonon,
APNOUOTOIN GO EKTEVADS AALES, IO EEEIOIKEVIEVEG TTNYEC. ZVYKEKPIUEVQ, avETPESH
GTO TPOOVOPEPHEY €YYELP1O10, € SUTAMUOTIKES KO SIOOKTOPIKEG EPYOCIES, O
0TPIKEG ONUOc1EVSELS Ko ApBpa, oTic katevBuvtnpieg odnyiec EAAMvov
EUTEPOYVOLOVAOV Y10l TH QUPLOKEVTIKT] OVTLLETAOTLIOT TNG SLTOPAYNG, GE L0

TANOD PO EMGTNUOVIK®OV ONUOGIEVGE®Y, COUATH KEWWEVOV Kol TN faor dedopévev
™ EMinvikne Yoyarpikne Etoupiog kon tng American Psychiatric Association.
EmumAéov, ypnowonoinoa tn forfeia £101K00 KOl GLUYKEKPLUEVO LOTPOV, TOV OTTOIOL 1)
BonBeta Nrav avopeifoio TOAVTIUN YO TNV OTOCAPNVIGT] OPICUEVEOV SLGVONTMV
onpeiov Tov Kewévov mnyn, ta onoia enelnyodviar 6t cuvéyewa. Metd v
TEPATMON EKTEVOVG EPELVOC, TPOYDPNGO GTNV ATOIEATIOOT TV OP®V.

Onwg og kdbe €101k Keipevo, £T61 Kot 6TV TapoHGA LETAPPACN, 1) 0pON
amodertioon dadpopatilel Evav kKaBoploTikd poro oty e£EMEN TGS LETAPPOUCTIKNG
dwdwkaciog. Ewdwotepa, yio v omodedtioon Tmv 0pmv Kot TV dnpiovpyia Tov
YAoooapiov ypnoyoromndnkay Evrumo Kot NAEKTPOVIKA Ae&ikd, Bdoeig dedopévav
(IATE), copoto KeWEVOV, NAEKTPOVIKES ONULOCIEVGELS KO OKOONUOTKES EPYOCIES.
2VYKEKPLUEVQ, T EVTLTTA AEEIKA TTOVL YPNGLLOTOONKAY NTOV:

. Konstantinidis, G. (2005), Elsevier's Dictionary of Medicine and Biology in
English, Greek, German, Italian and Latin, 1% Edition, Elsevier B.V.

. Muyomiidng, I'.I., Bélov-Maykovn, N. (2005). Ayyloeiinviro -
Elinvoayylixo AeCiko tov latpikawv Opwv. Sn'Exdoon, ABva: latpucég Exddoeig
Kovotavtapas.

. [MaoyaAiong, I1.X. (2002), Ayyloeiinviko Epunvevtixo AeCiko Kotropixng &

Mopraxng Bioloyiag, latpucég Exdooeig ITaoyaAion.



. ZTapuAidng, A.A. (2015). lotpixo Aeliko ayylogllnviko-ellnvoayyliko.
®eocalovikn: Exoooelg «Potoviay.

Kotémv oAokAnpmong g amodeAtioonc, EeKivoe 1 LETAPPACTIKT
Sdkacio. Onwg oe kGOe PLETOPPACTIKO EYYEIPN LA, £TGL KOL E0M OAMIGTOON KOV
UETOPPACTIKEG OLOKOMEG Ko TpoPfAnata. Zopemva pe tov Kevrpot (1996, oo.
293-294), o1 petappacTiKéS OLoKOAES avakvTTOLV KaBmG Kabe Keipevo eivar pa
TOAOTAOKN oOvOeon odiniemidpdoemy petald dopmv Kot Asttovpykodv. oty Nord
(2014, 6.145) o1 peTaPPUOTIKEG OVOKOAIES EIVOIL VITOKEUEVIKES KO £YKELVTOL GTV
AVETAPKELN 1] EALEWYT] «...YAMGGIKOV, TOMTIGUIKOV 1] LETAPPOUCTIKOV deE0TNTMV N
AOy® EMhenynG 6OOTNG TEKUNPIOONCY. ZTNV €V AOY® LETOPPACTIKY O1OOIKAGIA, 1)
EMAEWYT] TOV ATOPOLTNTOL YVOGTIKOL VTOPaBPoL Kot £EE10TKELONG AMOTEAEGE GAPDG
L0 LETOPPOCTIKT OVGKOALM, 1) omoia EEMEPAOTNKE LE EKTEVT] LEAETN KO £PEVVAL.

Ev avtiBéoet pe Tic HeTappaoTikég SUGKOAES, TO LETAPPACTIKA TPOPAN 0T,
E1VOIL OVTIKEWEVIKG 1) £0T® SWTOKEEVIKG Ko dtakpivovtor ard tn Nord (2014,
066.145-155) o€ mpaylaTOAOYIKE, TOMTIGUIKE Kol YAWGGIKA LETOPPACTIKA. XTO
TapoOV Kelpevo-mnyn, 0ev evromilovtal TpayLatoAoykd TpoAnuata, RTot
TPOPANLLATO TTOV AVAKVTTOVV OO EEMKEUEVIKOVS TAPAYOVTES (TOUTOS, OEKTNG,
ADPOG, XPOVOGC, LECO, KIVITPO, KEWWEVIKT] AgtToVpYia), KAOMG TOUTOS Kot SEKTNG
Tapoévouy ot 18101, 1660 6To Kelpevo-mnyn 060 kol 6To Keipevo-ctodyo. Emmiéov, 1o
TPOG LETAPPOAOT KEIPEVO OV emMpedleTor amd ToV YMPO, ToV ¥pdvo N 1o péco. Térog,
1N KEWEVIKN Aettovpyia mapapévet id1o HETOED KEWWEVOL-TNYN Kol KEYWEVOV-GTOYOV.
Onwg mpoavapéptnke, To petdepacio arevfivetol Kot avtd o€ eEEIOIKEVUEVO KOWVO
Ko 1 KEWEVIKN Agrtovpyio mov emttedel mapoapévet i idwa.

Avtictolya, dev dtamotd@OnKay TpofANUATH TOV EUTITTOVY GTI OEVTEPT

katnyopio mpofAnuatmv Baoet g dtdxpiong e Nord (2014, 6.149). Ta



TpoPfAuaTe avTd £ivol TOMTICUIKE KO «...AmOpPEOLY A0 TIG SLOPOPES OTIG VOPLLES
KOl TIG CLUPBAGELS TOL OLETOVV T AEKTIKY] KOl U1 AEKTIKT] GUUTEPLPOPE GTOVS OVO
EUTAEKOUEVOLG TOMTIGLOVGY). OTmg TpoavapEépOnke, To Keipevo ival dSlatummpévo
6¢€ €101KT] YADGG, EI0IKOTEPO GTNV WTPIKY]. AV OVAYOVUE TNV E101KT VTN YADGGO GE
OTOLYEID «KKOVATOVPOCY) OVTNG TNS OUASNGS, EV TPOKEEVD TOV EMOGTNUOVOV TNG
TPIKNG KOWVOTNTOG, 1| OTOLOONTOTE TPOCOPLOYN TOATICUIKAOV GTOLYEI®MV OEV
Kpiveton amoapoitntn 610 S1OOUEVO TANIG10.

To peyaddtepo HéEPOS TV TPORANUATOV TPOKLTTEL OO TO YAMGGIKA
LETAPPOACTIKA TPOPANLLOTAL, Y10 TO OO0l Kot oontOnke peyaddtepn kot
e&e1dikevpévn Epevva. Qg YAmootko petappaoctikd Tpopfinua n Nord (2014, 6.150)
opilet Ta TPOPANLATA TTOV AVAKVTTOVV «...0mwd dOUIKES O10popEg 6To Aeddy1o, T
oLVTOET KoL TO VTEPTEUAYLAKA GTOXELN TV OVO YAWSS®VY. 'Eva petappaoctikd
TPOPANLa amoTEAEL 1| TEPIMTOOT KATA TNV OO GT YADCGA-GTOYO LITAPYOLV
TEPLOCOTEPOL TOV EVOG OpOL Yia Evay Kot Lovo 0po g YAdcoag Tyns. Evidg tov
Keévov-mnyn evromilovtan moAlol cuvavopot 0pot. Extevéotepn épevva ypeldotnke
yio TNV amddoon tov opav «allele» (ariiio, aAlnidpoppo), «channel» (diowAog,
KavaAr), «disease» ko «illness» (acbévela, voooc, voonua, nabnon, appdotia),
«exome» (é€opa, £Empa, e&oviopa), «forebrain» (tpdcbiog eyképarog,
TPOCEYKEPOLOGC, TEAEYKEPAAOG) Kot «treatment» (Bepameia, aywyn, AVTILETAOTION).

H emioyn g amddoong yia kdOe Evav amd Tovg Tapardve 0povg
dwoTavpminke Bacel Epevvog o€ EvTuma Kol NAEKTPOVIKA AeEikd Kot avalntnong o€
0TPIKES ONUOCLEVTELS, ApBpa, 1TPIKA TEPLOOKA KO OKAONUOTKES EPYOCIES.
Epgvuvavtog €ic fdog To mepiexdevo kat tn onpacio Tov Kabevog ek Tov Opwv aALd
KoL TG XPNONG TOVG OO TIC TPOAVAPEPOEVES WUTPIKEG TNYES, EMALXON KAV 01 OpOL oL

omoiot Bpédnkav 6 EyKvpeg TNYES, AMAVIMOVTOL LLE LEYAUADTEPT] CLYVOTTO KO



YPNOLOTOL0VVTOL GLVNBECTEPA OO TOVG EMOTNUOVEG TOL Topén vyeiag. H idw
uéB0d0¢ akoAovONONKE Y100 TOVG OPOVG UE ITAT ATdO0GT. AvTol 01 OpOot Elvarl Kuplwg
(QOPLOKEVTIKEG OVGIEC. XTO TOPOV Keipevo TéTotol Opot givan n «gabapentiny pe
AOOOCELS «YKOUTOTEVTIVIDY Ko «yoBamediviy kat «pregabaliny pe amoddoelg
«IPEYKOUTOAVIY Kal «apeyaforivny. H emAoyn g amddoong otnpiydnke Kotd
KOPLO AOYO GTO EMGTNLOVIKO VAIKO Tov PpiokeTon otnv mAateopua I'ainvog kot tov
EBvico Opyaviopd Oapudkmy.

‘Eva emumiéov mpdPAnuo myalet amd ) xpnon Ppayvypaonuévev Aéewv. H
onuovpyio GuvtopoypaenuéEVEOVY 0pav e0paletot 6TV TPootddeia TG KB E0KNG
YAOOOAG Yo TNV ££00PAMOT YAMGGIKNG OIKOVOULNG, 1) OO0l EMLTVYYAVETOL LEGM TNG
AmOPLYNG XPNOMG CVVOETOV Kol LOKPOSKEADY EKPPAGEDV Kol OP®V. XTO TPOG
petdopaocn Keipevo, Evag Ppayvypaenuévos OPOG TOL YPNGLUOTOMONKE EKTEVAC
giva 1 ovvropoypoeioc «BD» 1 onoia avtitpocmnedet o bipolar disorder.
Agdopévov 0Tt 10 Tpog petdepacn Keipevo anotehel andonacpa dnpocisvong, a&ilet
va onpelmdel 6t o1 cuyypaeeic arosapnvifovv 6Tt 1) dSuroAikt| drataporyrn Oa
amodidetar wg BD otv apyn tov £pyov Tovg, n omoia dev meptlopfdvetot 6To
TPOTOTLTO KEIEVO TOL TapaTifeTan oty moapovca epyacio. Eedsov 1 ypnon g
GLYKEKPLLEVNS Bpayvypapiog etvol amoTéAesa ETIAOYNG TV GLYYPAPEWV,

SN OnKe ALTOVGLO KOl GTO HETAPPACLLOL, 0pOV TPAOTA £lxe emeEnyndel ot opyn
TOV KEWWEVOU.

To mpoPAnua mov mopatnpndnke ovakvmtel and T ypnomn Aesikdv
ocvyypboemv pe ) xpnon g Ppayvypariog «BDy». Exeénynuatikd, oto Keipevo
mapatnpovvIol cuyyphoels omwg «BD-related phenotypes», «BD-associated risk
variants», «BD-specific genes», «BD-relevant...». Ze avtd ta onpeio, Tpokaiel

GLYYVOT N TPOKTIKOTNTA TTOL TPOGPEPEL 1] AYYAIKT KOODG 0TO CLYKEKPLUEVD onpeio



0 HETAPPACTNS TOV peTappalel mpog o EAAnvikd eite Oa vioBethoet T
GUYKEKPIUEVT] LOPPNG LE OTOOOGELS OTWG «AA-GYETIKOT POIVOTLTTOW, «AA-
oYeTILOUEVES TOPOUAAOYEG KIVOVVOLY K.0.K., €1TE Bal EMAEEEL TNV TTEPLPPACTIKN
amOd0o UE TN PO OEVTEPEHOVCAG TPOTAONG. LT CVYKEKPIUEVA GNUEi,
voBetOnke N devTEPN HEBOSOC, GE onueio OLmG Tov dev Ba emnpedleTon TO
TPOGMOTIKO VYOG TOV CLYYPUPEMV, eV B0 TANTTETOL 1] YAMOGIKT olkovopia, mwopd Oo
eEumnpeteiton 11 660 TO dSLVVATOV KOADTEPT Kot akpIPESTEPT AMAGOOGT TOV VOT|LLOTOG
Kot 1 detpnon g veoroyiag, 1 oroia dev Ba Egvilel otov EAANva avayvooT).
EmumAéov, éva mpdPAnpa mov cuvovdalel HEPOS TOV TPOUVAPEPOUEVOV
LETAPPACTIKAOV TPOPANUAT®V amoteAovv ot cuvtopoypapieg «<GWAS» kot «VGCC».
O 6pog «GWAS» anoterel akpmvipo, kabdg oe avtiBeon pe  cuvtopoypagio
«VGCCy», to «GWAS» avamapiotd ta tpdta ypdupata kabepiog ek tov AéEewv mov
10 cvvOETovv (genome-wide association study) kot daBaleTor mg oAokAnpwUéEVN
AEEM, PAcEL OTTIKOOKOVGTIKOD DAKOD OV cupBovAehnka. Ot GLYKEKPIUEVES
peréteg e@aprolovv HebBdoovs EAEYXOV OPIGUEVMV TP YOVTIWV KIVOUVOL GE
0AOKANPO TO YoVIdimpa yio T dibyvwon acbeveimv (National Human Genome
Research Institute). To akpmvopo, Tapdtt £xel TaylwOel 6TV ayyAKn oTpikn
oporoyia, otV EAANVIKT £yl TOAAUTAY ardd0om. OpIopéves amd TIg amoddGELS TOV
Bpétnkav Nrav: 1) pedétn cvoy£Tiong OAOKANPOL TOL YOVIOIMUOTOC, 2) LEAETN
EVPELOG YOVIOUMUATIKNG GUGYETIONG, 3) LEAETT) YEVETIKTG GLUGYETIONG GE YOVIOMULOTIKN
KAMpoKa, 4) e0PLYOVISIOUOTIKY HEAETY], 5) HEAETN OAIKOV YOVIOIOMOTOC, 6) HEAETN
GLVOEGNG OAOKAT POV TOL YOVIOIOUOTOC, 7) LEAETN GAP®ONG YOVISUDUATOS, 8) HEAETN

GLGYETIONG YOVISUMUOTIKOD EDPOVC.

H 4" xon 5" amddoom amoppintovial, 510TL dev 0modidovv To «association».

Eniong, n 6" amoddoon, mapott evromiletan cuyvotepa o€ Keipeva amd v 4" kot v



5", anodidetl To «association» mg «cHvoeon», TPAYU TO 0710 Eival TopavON o
ka1t Oo pmopovoe va ypnoomombei o dpog «linking». Kot and evvotohoyiknig
TAEVPAG, M YPNOT TNG «GVVOEGNCH TPOGOIOEL VOV ATOAVTO YAPUKTIPO, KATL TOV JEV
yopaxtnpilel 1t peréteg GWAS epdcov eviomilovy yeveTikong mopdyovTeg, ol 0moiot
evogyoréEVmc opeidovtot Yo acBéveles. Avtiotoryo ko np 7" amddoon , n omoia
¥PNOoTolEl TOV Opo «adpwon». H anddoon avth maponéunel ot pebodoroyia mov
YPNOOTOIEITOL Y10l TV TEPATMOT TV GVYKEKPIUEVOV LEAETDV, ®GTOCO OEV
amodidel kot oA pe oxpifeta o «association». H 1M, 21, 3" kou 8" amdd00m
amodidovv erakpPdg tn {nTovpevn évvola. XNV TEPITTOGCT VTN Ol TEGGEPLG
amodOGELS AELTOVPYOLV MG cLVOVLUEG. H amddoon mov emAéyOnike eivor n «peré
EVPELOG YOVIOUMUATIKNG GLOYETION G, KAODS 0modidet e capnvela Kot akpifela To
vonua, eve ypnoomoteital kot amd v EAAnvikn Nepporoywn Etaipio, mov
amotelel pa aEOmoT TNYN TANpoopldv. Katdmy ene&nynong tov 6pov,
YPNOCLOTOWONKE TO AYYAIKO aKPOVOLLO GTO KEILEVO-0TOYO0 d10TL Bdoet Epguvag
SLIMGTOVETOL TG Ol TOPOVGES UEAETEG OEV £XOVV AVTIGTOLYO AKPWVVLLO TTOV

AP CLOTOLEITOL TNV EAANVIKT).

Avtictoym dvokora SlmoT®ONKE Yo TV 0mdd0CT TG GLVTOUOYPAPIG
«VGCC» mov anodidet to «voltage-gated calcium channely. EvtoniCovtat ot
amod6cels 1) taceoereyyopevog 6laviog acPestiov, 2) TAGE0EAEYYOUEVO KOVAAL
acPeotiov, 3) taceoeaptdpevog diavrog aoPeotiov, Kot TENOG, 4)
duvapkoe&optdpevog diavrog acPeotiov. Onmg mpoavapépinie, to «channel» &yet
OuTAN ardO0GT Kol GTNV TOPOVGH LETAPPACT] OTOIOETAL G «OILAOCH, GUVETMG
amoppintetal ) devTEPN amdd0oT. Avapopikd pe to «voltage-gated», n petoyn
«EEAPTMUEVOCY amodideTar vonUaTIKa KaAvTepa e T cvvayn «voltage-dependent»,

1 omoia VIAPYEL KO YPNCLOTOIEITOL KO ALTH OO TNV 1TPIKT OPOAOYi. ZVVETMS, M



EMKPATESTEPT ATOO00N £lval 1) TPOTN, N omoia dtatnprOnKe VIO Tov
petappacpatos. H Bpoayvypaeio, agod amodddnke ota eAAnvikd kot exenynonke
€VTOC mopévleong, dtotnpnOnkKe otV ayyAK.

KAegtvovtag pe t1g ovvropoypaeieg, to «kDSM-5» kot «ICD-10» dratnpriOnkov
LE TNV aYYAIKT LOPQY| TOVG GTO UETOPPUCUEVO KEILEVO KOOATL TPOKELTAL Y10l
Oy vVOOoTIKA €YYEPIOLa, Ta omoia eival EVPEWS YVOGTA GTOVG YPNOTES TNG LOTPIKNG
YADGGOG Kot 1, TOV eSOV TNG YLYLOTPIKNG. AVTO TOV EVOEYOUEVMG OV Elvarl
yvootd givor to «Research Domain Criteriay, yio o omoio ypeldotnke Enueimon tov
Metagpaot. H onueiowon éywve 610t1, 0nmg eneEnysitar, mpoKetTon Yo po véa
KOvoTopio 6TO YMPO NG WTPIKNG, TNV omoia ewonyaye 10 EOvikd Kévrpo Poyumg
Yyelag tov Hvopévov IToMteidv kot evogyopévmg dev eivat yvmoTy] 6To GOVOAO TNG
EMMVIKNG 1 TpIknG kowvotntag. o to Adyo avto, kot e0itiog Tov TEPLOPIGUEVOL
apBpov oyeTikng PAMOYpapiag Tov EVIOTIGA LETA aO OLOOIKTLOKY| £PEVVA GE
EMMVIKEG TNYEG, OTnPNONKE GTNV ayYAKN Kot OgV EMOOYOMNKE 1 LETAPPACT] TOV
YL TNV OTOQPUYT] TOPAVOT|GEMV.

[Tapaiinio, vedpyovv TpofAfata Tov cLVOVALOLY AeEIAOYIKOVG Kot
GLVTOKTIKOVG TOPAYOVTES. XVYKEKPIUEVO 1| TEPT000G «...from patients with Timothy
syndrome (caused by a gain-of-function coding CACNA1C mutation).» ivot
npoPAnuatikn. Ewdwotepa, to «Timothy syndrome» amoteAel veoroyiopod, 6tov 0moio
TO OVOLLO, TOV EMIGTILLOVO, OTOJIOETOL GTNV AYYALKN X®PIG HeETaypaen], Letappdlovtog
OL®G ToV 6po «Syndromey. X1 cuyKeKpIEVN TePiodo GOYYLoT TPOKAAEL 1 EAAEY
COPNVELNG, OO TNV GUVAYN TTOVL dNpovpyeitat pe Tov 0po «mutationy. Ewdwotepa,
evtomiCovtal ot cuvayelg «gain-of-function mutationy» ko «coding CACNALC
mutation». Av Bewpnbei 6t1 0 dpog «mutation» cuvtdooceton pe to «coding

CACNAILC» 101e vonuotikd, n petdrraén kodwkonotei 1o yovidio CACNALC, kértt



T£T010 ®OTOG0 OV cvpPaivel dev cupPaivel. EmmAéov, pe avt) v amddoon to
«gain-of-function» dev &yetl kapio vonuatikn Asttovpyio. Zopuewvo, pue tov Iaoyolion
(2002), n ovvayn «gain-of-function mutation» anodideton w¢ «peTdAlaén mov odnyei
o€ avénuévn Asttovpyioy Kol 00N yel 6€ VIEPUETPT AVENOT TNG OPACTIKOTNTOS TNG
avtiotoymg npmteivng, n onoia oty mepintwon tov CACNALC kmdwkomotel Tig
vropovadeg al. I'a tovg mapamdve Adyoue 1 mepiodog amoddinKe eneinynUaTIKa ™G
CUETAAAOEN OV 0dNYEL o€ AVENUEVT AELTOVPYIN TV VTOLOVAS®Y TOV
koduomotovvror amd to CACNALC». T'a v anosaprvion g Teptodoov
ypnoonomdnke 1 fondeta £1d61k0V.

OLOKANP®OVOVTAG E TO LETOPPACTIKE TPOPANLLATO, LETAPPAGTIKO TPOPATLLOL
npokaiece Ko 1 mepiodog «it is unlikely that the BD-associated GWAS loci tag as-
yet-unidentified, disease-causing mutationsy». To mpofAnua ykertol 6To OTL dev givarn
GOPNS O GLVTAKTIKOG POLOG TOVL «tag». v mepintwon mov Asttovpyel g pipo tote
€xel v évvola 1oL «emonpaivoy, dnAadn o kabe yevetikodg TOnog oyetileTal, 6To
TapOV KelPEVo, e KAmoteg LETOALAEELS TOL TPOKOAOVY acBEveLES. AvtioTotya OL®G,
vrdpyet ka1 ovvoyn «locus tagy, n omoia amodideTol MG «KMIKOGH TMV YEVETIKMOV
tonwv. Av epappocet 1 devtepn epunveia, TOTE EVVOEiTAL OTL O EKACTOTE YEVETIKOG
TOMOg avaPopdg etvat o 1010¢ petdAAaén mov mpokadel acBéveia. v nepintwon
avTY, ypnooromdnke n fonela £101KOL Yo TV ATOCAPNVIGT) TOL Vorjratoc. [a
TNV omoPLYN cVYYLONG XPNOLLOTOMONKE TO P «OPOPE», LEG® TOV OTOI0V
KOADTTOVTOL Kot 01 000 TOAVES EKOOYES KO OTOPEVYETAL 1] VONLOLTIKT GUYYLOT| Kot

TOPOVON o).

Téhog, ot TitAot 610 Keipevo-ny" omodidovtat e KEQPUAOio GTO TPADOTO
YA KEOe AeEIMOYIKNG LOVADOC, TPAYLL TTOV JEV daTNPNONKE TNV EAANVIKNI

LETAPPOOT SLOTL OEV TOPATNPEITAL GTO TEPICTOTEPQ EAANVIKA KEIEVO. ZE YEVIKO



TAic10 £ylve TPOGTADELO O10TPNONG TNG EKAGTOTE PMVNG TOV EMAEXONKE 0 TOVG
GLYYPOPELS, EKTOG TEPLOPICUEVOV TEPITTMCEMV Y10, TIG OTOIEG TPOLYUOTOTOONKAY
aAhayEG Yo T ST pnon TS cuVoyNs. Ta OVOLOTO TMV CLYYPOPEMY KL TWV
avaQEPOLEVMV EVTOG TOV £PYOV ETICTNUOVOV d10TNPOVVTOL OTO AATIVIKA, OTMG

OLETOVV 01 KAVOVEG YPAPNG TMV EMGTILOVIK®OV KEWUEVMV.
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