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2 XIZODOPENEIA

A) XapaKTNPIOTIKA CUMTITWHATO
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Yeudaionoeig

Atrodlopydavwon OuiAiag

Atrodlopyavwpévn ) KataTtovikn ZupTTepipopa
ApVvNTIKA ZUPTTTWHOTO

B) Koivwvikn kal EmrayyeApaTiki ETifdpuvon
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A€ITOUPYIKOTNTOG

Epyaocia
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IN) Aidpkeia
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Self-portrait | 1-16 April |27




April 20: "Very paranoid,.. The person upstairs

is reading my mind and speaking back to me n
ort of ego crucifikion... The large rabbit ear

is because | am confused ana "'-'1.'FI.'-"I|I—'I-.-

L

sensitive to human voices, like a wild animal.




May & has turned himself into a dartboard

‘I feel like a target for people’'s cruel

remarks. What is going on? | have sweet
talked a girl to suicide because | had no
tongue, no real tongue and could only
flatter.




Brvyan has turmocil in his
ItUreEs N his portralt have Decome

ented. He feels lonely and exposed,

stage, A strange spiritual force is ma

should not smoke or |




May |8: acutely disturbed. "My mind seems to
be thought-broadcasting very severely and it is
beyvond my will te do anything abourt it...| have
summed this up by painting my brain as an
enormous mouth.




May 23: ‘The blue is there because feel
througl CuUtting
the wawvy lines are
a vaice from the streat

by its ESP of my

baclk the

2 Callses

depressed,

antidepressants..
just as | feel | am safte,
ermaticonally

guts me
conditions...| am so pleased that
able to express such a purely

as thought-broadcasting by the simpie c

e
FTHAES

of turning the braim INto a Mmoutn




EMIAHMIOAOIIA THZ
2 XIZOOGPENEIAZ

- EMMOANAZMO2: 0.7% - 1%

« ETHXIA EMIMTQ2H: 0.2/ 1000




EMIAHMIOAOIIA THZ
2 XIZOOGPENEIAZ

¢ AvOpEC KAl YUVAIKEG TTPOCRBAAAOVTAI OTO
i010 TTOC00TO

¢ HAIKia Evapéng TwWV CUUTTTWHATWY

Avopec. 15-25

luvaikeg. 25-35




Guoikr EEENEN TNC Zx1{oppévelac

KaAR

A&IToupyIKOTNTA

Mpovoonpn Fpodpou ilelel:eR¥ele/ell 2100epOTNTA
YT0TPOTIN

30
HAIkia (€Tn)




2 XIZODPENEIA

EmitroAaocpog Zx1lo@pEvEIOg
(DSM-1V) = 0.87 %

ETTiITToAaCpOG AWV TWV
Yuxwoewv (DSM IV) = 3.5 %

Perala et al. 2007 AGP




«AIAZTATIKEZ» MPOZEITIZEIZ WYXQZIKQN
AIATAPAXQN DSM V - ICD11

Categorical axis With affective expression With developmental expression Not otherwise specified

Negative symptoms

Depressive symptoms = +  Disorganisation

. ; ; Patient B
Dimensional axis

Manic symptoms Positive symptoms

Developmental cognitive deficit

van Os, J. The British Journal of Psychiatry 2009;194:101-103

THE BRITISH JOURNAL
OF PSYCHIATRY

Copyright© 2009 The Royal College of Psychiatr



TI MPOKAAEI THN ZXIZO®PENEIA ;

H 2Zx1oppevela gival TO ATTOTEAECHA TNG AAANAETTIOPAONG
VEVETIKWYV Kal TTEPIBAAAOVTOAOYIKWYV TTAPAYOVTWY KIVOUVOU.
[TOAAQTTAG YoVvidla TTEPIOPICHEVNG DIEICOUTIKOTNTAG

0) PUBMIOTEC VEUPOAVATITUCIOKWY pMNXaviopwy Tou KNZ
B) puBUIOTEC TNC OPACNC TWV KATEXOAQNIVWWV

AAANAETTIOPOUV PETACU TOUG Kal PE TTEPIBAAAOVTOAOYIKOUG
TTAPAYOVTEC KIVOUVOU ( Stress, OuvBNnKeC KOIVWV.
QTTOKAEIONOU, IvD. KAvvVAPn), €101 WOTE VA EKTIVACOUV TO
ATOMO TTEPA ATTO TOV OUOO EUAAWTOTNTAC, OTNV EKONAWON
TNG VOOOU.




MovTéAlo TTpodIGBeonC - Stress

["eveTIKA TTPOIKODATNON A

“TTaBoyovwy yovidiwy’

‘EAAEIYpa OoTNV
eTTECEPYATia
TTANPOPOPIWV

"EAANEINUO KOIVWVIKWV
OECIOTATWY
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>

Kolvwvikog
QTTOKAEIOUOC

ApvnTIKA yeyovoTta
Cwng

Xpnon
WPUXoOPAOTIKWV
ouUCIWV




KAnpovounoigornrta MoAummapayovrikwyv AcOeveiwyv

NMayxvoapkia
AlaRTng 2
2X1CoppEvVEIa
YmrépTaon
AAKOOAIONOG
Kippwon
ABnpookAnpwon
Kapkivog paocTtou

AiaBnTng 1




MapayovTeg KIVOUVOU Yia ZXICOPPEVEI

2X. ZUYYEVAG TTPWTOU Babuou
NeupoavaTTTUSIOKES ATTOKAIOEIG
Al1dTa0N KOIAIWV EYKEPAAOU
MepIyevvnNTIKEG ETTITTAOKEG
ApvnTika yeyovoTa CWNG

Ivd. kavvafn

MEAOG HETAVOAOTEUTIKIG ONADOG
AOTIK] KOTOIKIO

Févvnon Tov Xelpwva




2xiICoppéEveia - Aitia

KAnpovouikeTnra

IAnéuouog 2uxvornra
I"evikég NMANBuoIOG 1%
ADEAPIO OYI{OPPEVIIV 8%
Moudid pe Eva oxiICoppevn) Yovea 12%
Etepoluywreg didupol 12%
oXi1¢oppevoUg

Moudia pe duo oxICoppeveic 40%
YOVEIG

Opoluywreg didupol 48%
OX1{oppEVOUG




H ['eveTIKn TNC 2XICOPPEVEIQC

MeAEteg AIdUPwWV: AugnueEvn ouv-voonpoTtnTa ( ~50%)
oe MZ, oe oxeon pe AZ ( ~15%)

MeAéTeg YioBeoiac: Augnuevn ETTITTTwWON dlATapaxwyV
TOU 2XICOPPEVIKOU PACHOATOC OE VEOUG TTOU APEVOC
gixav BIoAoyIkO yovea Pe oXICOPPEVEIQ, APETEPOU,
LEYOAWVOUV O€ UIOBETNUEVN OIKOYEVEIQ.







EmBeBaiwpivn YEVETIK CUGYETION




AFFYMETRIX

A Bllumina



Human Genotyping: Major Technology Advances

Slide from Eric Lander

SNPs per assay

1997
2001
2002
2004
2006
2007

10 1998: POC 500-plex
1,000

50,000

500,000

1,000,000



length scales of
aberrations/variations/polymorphisms

structural variation
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Sebat et al. Science
(April 20, 2007)

Strong Association of De Novo Copy
Number Mutations with Autism

Jonathan Sebat,™* B. Lakshmi,* Dheeraj Malhotra,™* Jennifer Troge,** Christa Lese-Martin,*
Tom Walsh,” Boris Yamrom,' Seungtai Yoon,* Alex Krasnitz,* Jude Kendall," Anthony Leotta,’
Deepa Pai,* Ray Zhang," Yoon-Ha Lee, James Hicks,* Sarah ). Spence,” Annette T. Lee,’
Kaija Puura,® Terho Lehtimiki,” David Ledbetter,” Peter K. Gregersen,” Joel Bregman,®
James 5. Sutcliffe,” Vaidehi Jobanputra,'® Wendy Chung,*® Dorothy Warburton,*®
Mary-Claire King,” David Skuse,™* Daniel H. Geschwind,™® T. Conrad Gilliam,*

Kenny Ye,*' Michael Wigler't

We tested the hypothesis that de novo copy number variation (CNV) is associated with autism
spectrum disorders (ASDs). We performed comparative genomic hybridization (CGH) on the
genomic DNA of patients and unaffected subjects to detect copy number variants not present in
their respective parents. Candidate genomic regions were validated by higher-resolution CGH,
paternity testing, cytogenetics, flucrescence in situ hybridization, and microsatellite genotyping.
Confirmed de novo CNVs were significantly associated with autism (P = 0.0005). Such CNVs were
identified in 12 out of 118 (10%) of patients with sporadic autism, in 2 out of 77 (3%) of patients
with an affected first-degree relative, and in 2 out of 196 (1%) of controls. Most de nove CNVs
were smaller than microscopic resolution. Affected genomic regions were highly heterogeneous
and included mutations of single genes. These findings establish de nove germline mutation as a
more significant risk factor for ASD than previously recognized.



natare Vol 455|171 September 2008 |dei:10.10328 /nature07229

LETTERS

Large recurrent microdeletions associated with
schizophrenia

Hreinn Stefansson'*, Dan Rujescu’*, Sven Cichon™**, Olli P. H. Pietildinen’, Andres Ingason’, Stacy Steinberg’,
Ragnheidur Fossdal', Engilbert Sigurdsson®, Thordur Sigmundsson®, Jacobine E. Buizer-Voskamp’,

Thomas Hansen™, Klaus D. Jakobsen®”, Pierandrea f\.r‘lugliamr Clyde Francks'’, Paul M. Matthews'’,

Arnaldur Gylfason’, Bjarni V. Halldorsson', Daniel Gudbjartsson’, Thorgeir E. Thorgeirsson', Asgeir Sigurdsson’,
Adalbjorg Jonasdottir', Aslaug Jonasdottir', Asgeir Bjornsson', Sigurborg Mattiasdottir’, Thorarinn Blondal’,
Magnus Haraldsson®, Brynja B. Magnusdottir®, Ina Giegling”, Hans-Jiirgen Maller, Annette Hartmann®,

Kevin V. Shianna'?, Dongliang Ge'?, Anna C. Need'?, Caroline Crombie'?, Gillian Fraser'”, Nicholas Walker'*,
Jouko Lonngvist'®, Jaana Suvisaari'®, Annamarie Tuulio-Henriksson'”, Tiina Paunio™'", Timi Toulopoulou'®,
Elvira Bramon'®, Marta Di Forti'®, Robin Murray'®, Mirella Ruggeri'’, Evangelos Vassos'®, Sarah Tosato'’,

Muriel Walshe'®, Tao Li'™'®, Catalina Vasilescu®, Thomas W. Miihleisen”, August G. Wangw, Henrik Ullum?’,
Srdjan Diurnuiczl'zz, Ingrid Melle**, Jes Olesen™, Lambertus A. Kiemeney“, Barbara Franke*’, GROUPY,

Chiara Sabatti’®, Nelson B. Freimer™’, Jeffrey R. Gulcher', Unnur Thorsteinsdottir’, Augustine Kong’,

Ole A. Andreassen'**, Roel A. Ophoff™*’, Alexander Georgi**, Marcella Rietschel*®, Thomas Werge?®,

Hannes Petursson®, David B. Goldstein'?, Markus M. Néthen™*, Leena Peltonen®***" David A. Collier'®'®, David St

13 H 1,31
Clair™” & Kari Stefansson Vol 455| 11 September 2008|doi10.1038/nature07239

namre

LETTERS

Rare chromosomal deletions and duplications

increase risk of schizophrenia

The International Schizophrenia Consortium®



Bipolar disorder
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WTCCC, Nature 2007;447:661-678. Figure 4 (part)




Whole-genome study of 3400 schizophrenia cases

Statistical assessment of gene findings

Cases 3414
Controls 3625
8 L
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Jennifer Stone



2UVETTEIEC VIO TOUG aoBeveic pag

e [ToAU kKaAUTeEpa AlayVWOTIKA EpYaAEgia
* « [1POCOWTTIKA» PAPHOAKEUTIKA AVTIMETWTTION

e N€ol BepaTtTeuTIKOi OTOXOI BACIOPEVOI OTO YOVIDiWPA




Large, collaborative
whole-genome studies

~70% of data or ~6 billion genotypes produced at the Stanley Center/Broad Institute

Bipolar disorder Schizophrenia

3 studies combined 7 sites combined
~4 400 cases, ~6,200 controls ~3,500 cases, ~3,500 controls

Wellcome Trust @ Massachusetts

Case Control Genéf‘aliﬂospital E< B RO AD
' = ”

Consortium INSTIT UTE

a3, ]

CARDIFF
UNIVERSITY
PRIFYSGOL

CAERDYD




GWAS oT1ic Yuxwaolkec AlaTapaxec
(2009)

Study Disorder \[o} \[e} P-value
controls

O’Donovan ZNF804A 12,834 | 1.61x10°7
2008 (Chr 2q)
(Nat Genet

ZNF804A 12,834 | 9.96x10°

40:1053-5) (Chr 20}

Ferreira ANKS3
2008 (Chr 109)

(Nat Genet
40:1056-8) CACNALC

(Chr 12p)




OQAIVOTLTTOL XY1COPPEVELNC




Alataon lNAayiwv KolAiwv otV 2X1CoPpEVEID

ICOPPEVEIQ

Weinberger & Torrey




KUTTapOapXITEKTOVIKEG AVWHAAIEG OTNV 2XICOPPEVEIQ

Average
Deficit

»
1 1 O _d
k& " ‘--_'i_"l"
] R
: ‘ M A

STG  DLPFC

L1 =20%°

Concrols Schizophrenics

* AvWaAn petavdoTeuon * E)\l)\ﬁ"H AROE UG Paiag
TTPOG TIG ETTITTOAAG PAOILDEIG ouaiag o€ TTPWIKN Kal

OTIBAOEC Akbarian et al, 1993 uaTepn @aon
Thompson et al, 2001




YTo0eon

Ymoyngia Movidia yia Zx@ocppé@




disease outcome

GXE

no exposure

exposure



ATT'TO OUXVA OTA CTTAVIA

30% - AcTIKOTTOINON § + O

20% - Kavvafn §+
!

+ IA”

1 A

N

15% - WYuxoAoyiko
TPOUMO

50% - apvNTIKA
YEYOVOTO CWNG




EmidnuioAoyikn Ek@paon
YTrepeuaiodnrotroinong

Collip et al, Schiz Bull . 2008
“EKQPAON Cougnard et al, Psychol Med, 2007

LIJ(waiIr]g Dominguez et al, submitted

Yuxwolikn
Alarapaxn

YTTOKAIVIKN

2. x1CoTuTtria

vévvnon epnPeia eVNAIKiwon YEPAUATA




[1EpIYEVVNTIKEC ETTITTAOKEC

B 2 XETIKOC KivOUVOG voononc eival 4
(POPEC UPNAOTEPOG YIA TTAIOIA TTOU
UTTECTNO AV UTTOSIO KOTA TNV OIAPKEIA
TNG Yévvnong (Dalman BJP 2001)




NOIMWEEIC OTNV KUNON

® [laidia TTou uTTEOTNOAV AOINWCEIC KATA
TO TTPWTO TPIUNVO TNC KUNONC,
BpiokovTal o€ uWPnAOTEPO KiVOUVO
voononc atro 2.XICoppEVeEIa (7 pOPEQ)
0€ OXEON ME TTAIOIA TTOU OEV EKTEONKAV
O£ AOINWCEIC KATA TO TTPWTO TPINNVO TNG
Kunoncg touc (Brown et al 2004)




Risk of schizophrenia in minorities
according to the nature of the area

RR=24 RR =3.6 RR=44
(p<0.007) (p<0.001) (p<0.001)

W’

AAAA
‘A‘A‘
A AL A

AdaA

Medium % Low %
minority minority minority
population population population

Boydell et al.,, BMJ, 2001.




YuxodpaoTIKEC OUTIEC TTOU
amreAeuBepwvouv NTOIMNAMINH oTtov
EYKEPAAO, AUCAVOUV TOV KIVOUVO EUPAVIONG
YUxwoIkNG 2UUTITWUATOAOYIOC

m Kavvapn

m Kokaivn

B AypeTauivn




Bapeia xpnon Kavvang cuoxXeTideTal JE TNV
METETTEITA OTN (WI EKONAWON WUXWOIKAG
2UVOPOMNG

® [1poOTITIKN =
TOPAKOAOUBNON  camsopnre
45,570 oTTAITWV  nia
OTOV 20UnOIKOG  per 1000
OTPATO yIa 15 €1n

B Aucavopevn
xpnon kavvapng
OUOXETIOONKE PE
QUENUEVO KivOUVO
vOonongG arro

2. XICOPPEVEID 0 1 3 10 50 s50
Cannabis consumption at
conscription:

no. reported occasions

Andréasson et al 1987




MPOOTITIKES ETTIONMIOAOYIKEG HEAETEG OCUOXETIONG TNG XPNONS
l. kKavvaBng pe ekONAwon ZX1ICOPPEVEIAG

Country Follow up Odds
VEERS) ratio

Sweden 45 570 15 2.1
Holland 4.045 3 2.8
Israel 9,724 2.0

NZ 1,265 1.8
(Christchurch)

NZ (Dunedin) 1,253 15 3.1
Germany 2,436 4 1.7

Random effects meta-analysis: 1.9

Andreé asson et al 1988; Arsenault et al 2002; van Os et al 2002;
Weiser et al 2002; Zammit et al 2002; Fergusson et al 2003; Henquet et al 2005




H peiovotTnTa CUCGTNMOTIKWY XPNOTWV
ekOnAwvel Yoxwon

XpNOTEG
a1rd 18 eTwv

AlaTapayEg
2X1{oppPEVIKOU
QACHATOG

XpNOTEG
a1ro 15 eTwv




Dopamine Synthesis

Tyrosine

vesicles with
the transmittar

depamine

tyrosine
hydroxylase

DOPA
dopa
decarboxylase

..——-Emm ' Dopamine Dopamine

dopamina o beta :
receptor / \ hydroxylase Mon_oamme
recelving cell oxidase

Nor- !
adrenaline DOPAC

the message |3 passed on



H avaGeswpnuévn NTommapivepyikn
uTTo0eon TNG ZX1(OWPEVEING

Meoo-@Aoiikr DA TTpofoAn Nigrostratial pathway

YToAeiToupyia: (part of EP system)

ApvnTika, I'vwolakd
2UUTTTWHOTA
aouAia , KOIV.aTTOPOVWOon
aduVvapia OUYKEVTPWONG

Meoo-peTaixuiokr DA

Tuberoinfundubular pathway YTepAeimoupyia:

(inhibits prolactin release) ~ Ogmka ouptwpota
[1.x 10€€C TTApaKOAOUBNONG, CUCXETIONG

OKOUOTIKEG Weudalobnoeig




MovTéAlo TTpodIGBeonC - Stress

["eveTIKA TTPOIKODATNON A

“TTaBoyovwy yovidiwy’

‘EAAEIYpa OoTNV
eTTECEPYATia
TTANPOPOPIWV

"EAANEINUO KOIVWVIKWV
OECIOTATWY

\ 4

[MpodiaBeon MpodiaBecn

>

Kolvwvikog
QTTOKAEIOUOC

ApvnTIKA yeyovoTta
Cwng

Xpnon
WPUXoOPAOTIKWV
ouUCIWV




Atopa pe
2X1COPPEVIKO
Hop®Nn
Yoxwon
oTnV nAIKia
26 eTwvV (%)

| eTTIOPACN TTPWIKN
UETETTEITA EKONAWOT
Tov yovoTutto COM]

10 -

i

B Mn xpAon otnv epnPe
[l Xpon otnv epnBeia

a

G Xpnong kavvapng otnv
Yuxwonc, puBbuiletal aTtro

Met/Met Val/Met

Val/Val

Caspi et al 2005




IIpo@lA 6VVOEON S NE TOVS VTTOOOYELS
KAOUGGIKOV Kol aTont®MV AV D

Olanzapine Clozapine Quetiapine

Risperidone Ziprasidone Haloperidol Aripiprazole

Bymaster FP, et al. Neuropsychopharmacology. 1996;14(2):87-96.
Schotte A, et al. Psychopharmacology (Berl). 1996;124(1-2):57-73.
Lawler, C, et al. Neuropsychopharmacology. 1999;20(6):612-27.
Corbett, R, et al. CNS Drug Reviews. 1997;3(2):120-47.




OEPAIIEYTIKOI XTOXOI XTHN
2XIZOPPENEIA

OZEIA PALH

I'pnyopog EAeyyoc ¢ Plamc-emOeTIKNC GLUTEPLPOPAC
I'pyopn PBertioon & octabepomoinon TOV CLUTTOUATOV

Amo@uyn €1€P0 & OLTOKATAGTPOPIKNG CUUTEPLPOPAS

XPONIA PAZH
2ta0epOTnTa TNC PEATIOONC TOV GLUTTOUATOV

Meimon Kivohvov vToTPOTTNC

Evicyvon tnc o1d0eonc copuopemong otnyv Bepaneia




B AvTiwuywoikd-Zuumrwuara EToxol

1. MNMapaAnpnTIKEC IOEEC
2. Weudaiobnoeig
3. Alarapaypévn, aouvapTnTn oKEwn
4. YuyxokivnTikr Ol1Eyepon Kal exOpIKOTNTA

CNS T.A.



B Avripuxwoik@-Aidpkeia Ospareiag

& < [pwro £TTEI06dI0, Beparreia yia 1-2 £Tn
| =[MoANaTTAG £TTEI06BIA, BepaTTEia VIa
1 TOUAQXIOTOV 5 €TN

=" KUpIio¢ AOYOC HaKPOXPOVIaC aywyng, N
TTOAU OUXVN ETTAVEMPAVION TWV
OUUTITWHATWY

CNS T.A.



2x1ICoPpEvEIa - Osparreia

e W KAaoaika avriwuxwaoika

% ATUTTQ QVTIWUXWOIKG

CNS T.A.



b O mopevépyeleg TV
B} TUTKOY” OVTIYVUXOGIKAV QAPHAKOY

AVTIVTOTTOUIVEPYIKEH Odpdon AvTiXoAIvepyIKR O6pdon
— AuoTovia - =NPOCTOIa
— Akabfnaoia - AuoxEpela evapgewe TNG OUPNOEWS KAl
— [lapkIvooviouog ETTIOYXECN OUPWV
— Ouyiun duokivnaoia - AuokolhiéTnTa
- Meiwon TG €QIdPWOEWG
- [AaUkwpua

- OO6Awon opdoewg

AvTiadpevepyYIKN 6pdon AAAQ

— OpbBooTaTikA uTTOTAON - KapdiakEg appubuieg

— AvaoToAR TNG EKOTTEPUATWONG - Aunvoppoia
- Au¢non cwuaTtikou BAapoug
- Y1roBepuia

- [aAhakTéppola
- AvTIOpAaoEIG uTTEPEUAIOONTiag

CNS T.A.




Oapuoxka Agvtepnc 'eveac
(AAT)

e To 1010 opaoctikd pe Too AIIl yio tnv
OVTILETOTIGT TOV OETIKOV GUUTTOUATOV

* APOGTIKA GTNV OVTIUETOTICT] TOV
APVNTIKOV GUUTTOUATOV

e [ToAD kKaAVTEPO avekTd amO Tow AIIT
(Aryotepo eEOTLPAUIOTKA CUUTTM LT
LAAAA.L)




To mpofAnuUa TNG CUUKOPPWAONS

Mn cuuuopewaon Twv aclsvwy
40-50% Oev QUUHOPPWYVOVTAI TTPOG TNV Aywyn
YTrapxel ayvola yupw atro 1n oxi(oppEvela
O1 yiatpoi emIAéyouv eaopaAuévn doooloyia:
[TOAU upnAn: ......... AVETTIOUUNTEC EVEPYEIEC
AVETTAPKNAG: .......... YTTOoTpOTIN

Mn cuuuopewon Twy viarpwyv EAITIAC:
NN CUPPOPPWONG TTPOGC TIC UTTAPYXOUCEG 0dNYieg

NN CUPPOPQWONG TTPOG TIC BIBAIOYPa@IKEC 0dNYiEg
@oiac yia TIC TOAVEC AVETTIBUUNTEG EVEPYEIEC

CNS T.A.



AiTia

1) Mn cupuoppwaon Twv acbevwy otTnV
¢ TTPOTEIVOPEVN aywyn
S [TapEVEOYEIEC TWV XPNOILOTTOIOUUEVWY OFUEQT
12 QaPUAKWV
1 =Ayvoia Tou aoBsV Kal TwV CUYYEVWIV TOU OO0V
aQopd OTNV TTOPEIa TNC VOOOU Kal OTN CUVEXH
Ocparreia
=llpokaTtaANWeIc ToU KOIVWVIKOU OUVOAOU TTOU

&,. 00Nyouv gTO OTIYLATIONO TNG VOOOU Kal ToU
., aoBevr)

CNS T.A.



YuxobeparreieC

JYuxavaAuon

TJAVOAUTIKOU TUTTOU puxoBepaTreia

OlMvwolakn / 2UPTTePIPOPIKN

JAIQTTPOCWTTIKNA
JOpadIKN

JOIKOYEVEIOKN

CNS T.A.



Yuyxiarpikn arrokaraocraon

Wuxiatpikr) ammokardotacn  €ival  gUuvoAo
TTAPEXOUEVWYV UTTNPECIWY TTOU OTOXEUOUV OTO
va PonBnBouv dTtoua TTOU TTAOYXOUV QTIO
OOPBapPEC KAl ETTINOVEC WUXIKEC DlATAPAXEC VA
KOTOIKAOOUV, VO eKTTAIOEUBOUY, va €pyacBouv
Kal va ONUIOUPYNOOUV KOIVWVIKEC OXEOEIC UE
EMITUXiQ, OTO TTEPIBAANOV TNC TTIPOTINNONG

BN, TOUG, JE TNV EAAXIOTN OUVATNA UTTOOTNPIGN ATTO
) ETTOYYEAUQTIEG WUXIKAG UYEIQG.



EYXAPIZTQ I'lA THN NMPO2OXH zAx !




KAIVIKEC UTTNPETIEC WUXIKNC UYEIaC

o

Y1inpeoiec YuxiarpikAC ATTOKATACTAONG
2r1éyaaon

2 CEVWVEG

2 TTPOYPAPMATA AVADOX WV OIKOYEVEIWV
Exmraidsuan

2 TTPOOTATEUUEVA EKTTAIOEUTIKA EpYAOTHPIO
Epyaagia

2 uttooTNPICOPEVA TTAPAYWYIKA EpyaaThplia

S OUVEPYATIKEG
Koivwvikn {wn

2 VOOOKOWEIa NUEPAC

2 MoVAdEC NUNEPNOIOC TTEPIBAANYNGS

2 ANEOXEC WUXIKWY aoBevwv

CNS T.A.



evetTikn MetaPipoon:
MOTIK( EAALEIUNOTO, ;

NevpoyvyoAoyIKES AOKIUOGLES
> VYYEVEIC VS. YVieic AcBeveic VS. Yyieig

OR OR
OO 3.32 ™ 452 ™
akn Mviun 2.06 ° 3.27 7
Mviun 2.56 7 4.38 ©

1.06 ° 1.02

Krabbendam et al 2001.
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Levetikn petoPifpaocn: Kiwvovvog voonong
moﬂ/a‘m LEVOV TULOLOV TPOEPYOUEVOV UTTO

OLKOYEVELES NE Xy loppEvaLl,

2y1iLoppéverln 5.34

Mn ZvvoucOnuatikéc Yoywoeic 340 | *

Awzapoysc [Ipocomkotntag tomov A | 815 | *
|

\

2cotumikn Awatapoyn Ilpocom. 296 | *

Tienari et al. AJP 2003



Neverikn perTaBifaon: AvwpuaAn

EYKEQPOAIKN HOPWYOAOYIA ;

Brain structure
abnormalities

Total lateral ventricular volume (mls)

Fam scz Nonfam scz Obligate  Other famrels Non-famrels  Controls
(n=35) (n=31) carners (n=10) (n=53) (n=33) (n=08)
Subject group

Mc Donald et al 2002



Stefansson H et al. 2002
Neuregulin 1 & susceptibility to "
schizopHhrenia.. a7

Am J Human Genetlcs 71 877- 92

Stefansson H et al. 2003
Association of neuregulin 1
with schizophrenia
confirmed In a

Scottish population.

Am J Human Genetics,
72:83-8%




DeCODE

e Movadikr Baon dedoUEVWIV
TTou TTEPIAQUBAvVEI TNV
TTAEIOVOTNTA TWV KATOIKWY TNG
loAavdiag

DNA KaI OIKOYEVEIOKO I0TOPIKO
atrd 100,000 eBeAovTEC.
AvalnTwvTtag uttowneia
yovidia yia 50 aobevelec.

H peyaAuTtepn utrnpeaia
YOVOTUTTIONG OTOV KOOO,
Ikavn yia 30 ekatoupupia
YOVOTUTTIOEIG TOV Unva,
UTTOGTNPICOPEVN OTTO TNV
TTUKVOTEPN KOl OKPIBECTEPN
XapTOyPAPNON YEVETIKWYV
TTOAUUOPPICHWV.




now I'oviowa yio ZytCoppeveta




MePIYEVVNTIKEG EMITTAOKEG

* [ EVETIKOI TTAPAYOVTEG OEV ETTAPKOUV TTANPWC OTNV
aITIoAGYNON

* MeyaAuTtepn emritrtwon NE oTo 1I0TOPIKO OXICOPPEVWV
e MeyaAUTEPOG KivOUVOG vOONONG OTAV UTTAPXEI IOTOPIKO 1A

o QETIKA OUOXETION METACU OOMIKWY AVWHOAIWY OTOV EYKEQAAO
oxl1oppevwy Kal [NE

Mnxaviopog Apaonc : Eyke@aAikn utrocia KaTta Tnv
TTEPIVEVVNTIKI TTEPIODO?




Best-estimate effect sizes of various genetic and environmental risk factors for schizophrenia
(expressed as odds ratios or relative risks)

Category of Risk
Factor

Genetic

Childhood
developmental

Prenatal and
perinatal
environment

Specific Risk Factors “Best-Estimate”
of Effect Size

MZ twin of schizophrenic patient 46

DZ twin of schizophrenic patient 14

Child or sibling of schizophrenic 10

patient

Childhood CNS infection
Delayed milestones
Speech problems

Preeclampsia

Perinatal brain damage

Maternal bleeding during pregnancy
Rhesus incompatability

Unwanted pregnancy

Severe undernutrition (first trimester)
Maternal influenza (second
trimester)




[1EpIYEVVNTIKEC ETTITTAOKEC

B 2 XETIKOC KivOUVOG voononc eival 4
(POPEC UPNAOTEPOG YIA TTAIOIA TTOU
UTTECTNO AV UTTOSIO KOTA TNV OIAPKEIA
TNG Yévvnong (Dalman BJP 2001)




NOIMWEEIC OTNV KUNON

® [a TTaidId yNTEPWYV TTOU UTTECTNOAV
AOIUWCEIC KATA TO TTPWTO TPIKNNVO TNG
KUNong, BpiokovTal o€ uPnAoTEPO
KivOUvVO voonaong atro 2xiCoppevela (7
(POPEC) O OXEON UE TA TTAIOIA TTOU OEV
EKTEONKAV O AOIUWCEEIC KATA TO TTPWTO
TPIUNVO TNC KUNOoNG Toucg (Brown et al
2004)




KUTTOOPXITEKTOVIKEC AVWHOAIES

e ATTOTUXIO ETTEKTAONG KAI METAVAOTEUONG VEUPWVWYV
O€ EMMITTOANC PAOIWOEIC KUTTAPIKEC OTOIBADEC,
YEYOVOC TTOU OTOV (PUCIOAOYIKO EYKEPOAAO ETTITEAEITAI

LMEXPI TO OEUTEPO TPIKNVO TNG KUNONG.
e ATTOUCIO YAOIWONC OTOV EYKEPAAO OXICOPPEVWIV

Jacob and Beckman 1986, Arnold et al. 1991, Akbaataal.1993




Controls Schizophrenics

Figure 3.7 These camera lucida drawings compare the
distribution of nicotinamide-adenine dinucleotide phosphate-
diaphorase-stained neurons (sgquares) in sections through the

supericor frontal gyrus of a contrel and schizophrenic brain.
There is a significant shift in the direction of the white matter in
the schizophrenic brain. PMNumbers | through 8 indicate comp-
artrments of the brain; Roman numerals indicate cortical layers.
Figure reproduced with permission from Adkbarianmn 5, Bunney
YWwE, Jr. Potkin SG, et al. Altered distribution of nicotinamide-
adenine dinucleotide phosphate-diaphorase cells in frontal lobe

of schizophrenics implies disturbances of cortical development.
Arch Genr Psychiatry [1993:50: 16977




Emifapuvon - AviIKavOoTnNTa TTPOC EPYACia

ECAITIOG AOOEVEIOG
United States and Canada
15-44 years old

Uni polar depr ession
Al cohol use
Druguse | &

Bipolar disorder
Schizophr enia
Hearing | oss
Migraine

Iron deficient anemia

Diabetes mellitus | =

WHO World Health Report 2002




Deviance from controls

TRAJECTORY OF PREMORBID IMPAIRMENT

Mean deviance

95% Confidence interval

| )
5 |10

Age in years

|5



Childhood function of
preschizophrenic individuals
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Motor and language development
in subjects who develop
schizophreniform psychosis

Motor Expressive Receptive IQ
development Ilanguage language

Mary Cannon ef al., Arch Gen Psychiatry.




[MapAayovTeEC OTOUGC OTTOIOUG
ol10@opOTTOINONKAV TA TTAIOIA TTOU APYOTEPO
OVETTTUSAV 2X. OE OXEON ME CUMHOBNTEG TOUG

TTOU TTOTE OEV EKONAWOCAV 2X. ,
*KaBuoTEpion oTnv £Evapcn oMIAIAC - TTEPIOOOTEPEC OUOKOAIEC

OTNV AEKTIKN EKPPACTIKOTNTA

o XaUNATEPN OXOAIKN €TTIOWON OTNV TTAIOIKN KAl £PNPIKNA
NAIKiQ

e [1poTiunon yia yovaxIKEC OPACTNPIOTNTEG

e EAQTTWUATIKI KOIVWVIKI TTPOCAPHOYI)

o EAQTTWATIKA KIVNTIKA OECIOTNTA

o XapunAoTepo 1Q

Jones et al. 1994: Done et al. 1994: Walker et al.
1994




CANNABIS CONSUMPTION AT AGE 18
AND LATER RISK OF SCHIZOPHRENIA

30

25

20

e
I

Cases of schizophrenia
(per 1000)

0 | 24 5-10 | 1-50 =50

Number of reported occasions



Drugs which release dopamine increase
the risk of psychosis and exacerbate
psychosis in those already ill

e Amphetamines
e Cocaine

e Cannabis




MIGRATION AND RISK OF SCHIZOPHRENIA
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Risk of schizophrenia in minorities
according to the nature of the area

RR=24 RR =3.6 RR=44
(p<0.007) (p<0.001) (p<0.001)

W’

AAAA
‘A‘A‘
A AL A

AdaA

Medium % Low %
minority minority minority
population population population

Boydell et al.,, BMJ, 2001.
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Does the incidence of
schizophrenia vary in the UK?







Variations in the incidence
of schizophrenia in the UK

The incidence of RDC
schizophrenia

(1979 — 1997) In
urban South London
IS significantly higher
than that in rural
Dumfries

Standardised
incidence ratio 1.6
(Cl1.4-1.8)

i ,_ﬂz’““‘ B S il

Allerdyce et al., Brit J Psychiatr, 2001.




AITIOAOIIA THX
2 XIZOOPENEIAZ
BIOXHMIKH NMPOZEITIZH

H vromrapivepyikn utrobeon:

H 2yiloppévela O@EIAETAI OE VTOTTOUIVEPYIKN
UTTEPBOAIKN 6paocTNPIOTNTA.

Ta 3 VTOTTAOMIVEPYIKA CUCTAMOTO OTOV EYKEPAAO:

umro@aAauocg-urropuon
péAaiva ouoia-Baoika yayyAia

MECEYKEPAAIKO-UETAIXMIAKO- PAOIWAEC oUCTNUA




Dopamine Theory of
Schizophrenia

Hyperdopaminergic Hypodopaminergic
pathways pathways

Positive symptoms Negative symptoms




Dopaminergic imbalance in
schizophrenia

Deficit prefrontal F Excess subcortical
| DA

DA , g——— /
A\ | J
| ".Ii | C

Hypostimulation S R L Hyperstimulation
D, receptors =3 | el da ) D, receptors

' /
3 - 2 . /
5\
“
i —— . /

\CEELIEI Dopamine - Positive

symptoms symptoms
& cognitive pathways

Impairment




Mesocortical pathway
Hypoactivity:
negative symptoms

Tuberoinfundubular pathway
(inhibits prolactin release)

Nigrostratial pathway
(part of EP system)

Mesolimbic pathway
Hyperactivity:
positive symptoms




NEYPOANANTY=ZIAKH YNOOEZH THx
2 XIZOPPENEIAZ
EPOQTHMATIKA

o [1aTi EKONAWVOVTAI TO CUUTITWHATA TNG 2X. META TNV

epnpeia?

* MNwg egnyeital n oyiun aTnv evapgn TngG, HopePn TNG
vOoou?

* [1010 €ival TO VEUPOXNUIKO, HOPIOKO KAl YEVETIKO
UTTORaBpPO TTOU PUBICEl TNV VEUPWVIKF AVATITUENC KAl
wpigavon KaTta Tnv epppuikn (wn?




2 UVOETIKN YTTO0E0N

H 2x1(o@pEvEIQ €ival TO ATTOTEAECHA TNC
a0pOoIOTIKNC OPACNG YEVETIKWY KAl
TTEPIBAAAOVTOAOYIKWY TTAPAYOVTWY KIVOUVOU.
[TOAAQTTAQ yoVvidla TTEploPIOPEVNC OIEITOUTIKOTNTAC,
EiTE

Q) PUOUIOTEC VEUPOOAVATITUCIOKWY PMNXAVIOUWY TOU
KNZ, €ite
B) puUBUIOTEC TNC OPACNC TWV KATEXOAAMIVWIV

OAANAETTIOPOUV PETALU TOUG KOl ME
TepIBaAAovTOAOYIKOUC TTOPAYOVTEC KIVOUVOU, ETO!
WOTE VA EKTIVACOUV TO ATOPO TTEPA ATTO TOV OUDO
EUOAWTOTNTAC, OTNV EKONAWON TS VOOOU.




e

YT eveTikn EvuaAwTtaipornra (11.X. Neuregulin,

Dysbindin, DISC1)

*H geuaAwaoipdtnTa TTPOG WPUXWOon utTodNAWVETal
—_— atro OEIKTEG TTOU ATTNXOUV avwHOAia i
KabuoTépnon oTnV VEUPOAVATITUEN

*H geuaAwaoipdTnTa TTPOG WPUXWON UTTOdNAWVETAI
atro OEIKTEG TTOU ATTNXOUV ATTIA EAAEIUPATA OTIG
OIOTTPOCWTTIKEG OXETEIG, XAUNAN £TTIOON OTO
OXO0Agio, kal ATTIa yvwolakd eAAgippaTa.

*AAANAETTiIOPAOT TWV EKAUTIKWYV AQUTWYV
TMAPAYOVTWYV HE TTPOUTTAPpXOUC
YEVETIKR TTpodidBeon eSuywvel TNV
EUOAWTOTNTA TTPOG voonon

qupgn ZXICO(pinﬁIGQ MNpoappoyr) ammé Toug Dean kair Murray 2005



H ['eveTikn TNC 2XICOPPEVEIAC

MeAEteg AIdUPwWV: AugnueEvn ouv-voonpoTtnTa ( ~50%)
o MZ, oe oxeéon pe AZ ( ~15%)

MeAéTteg YioBeoiac: Augnuevn ETTITTTwON dlATapaxwV
TOU 2XICOPPEVIKOU PACHOATOC OE VEOUG TTOU APEVOC
gixav BIoAoyIkO yovea e oXICOPPEVEIQ, APETEPOU,
MEYOAWVOUV O€ UIOBETNUEVN OIKOYEVEIQ.
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TrkAnpovopucital;, ZK voonong VIoBeETNUEVWYV

1TGI5IL;.{V TTPOEPXOMEVWYV aTTO OoIKoyéveleg YK

2y1iLoppéverln 5.34

Mn ZvvoucOnuatikéc Yoywoeic 340 | *

Awzapoysc [Ipocomkotntag tomov A | 815 | *
|

\

2cotumikn Awatapoyn Ilpocom. 296 | *

Tienari et al. AJP 2003



o V. Awutapaysg XK. h?
Awmolkn X. A. 7-10 60-70%
Movomoxn K. 2-3 28-40%
2nCoQpeEvELL 8-10 80- 84%

Awatapay Iovuod 3-8 50-60%

mummu\ ¥

‘a/

EITPY | | |
Merikangas and Risch, Am J Psychiatry, 2003






/

HERITABILITY (h?)

o V. Awutapaysg XK. h?
Awmolkn X. A. 7-10 60-70%
Movomoxn K. 2-3 28-40%
2nCoQpeEvELL 8-10 80- 84%

Awrapay Mavucod 3-8 50-60%

nmmmm l

ﬁ |! lll

EMTWY
Merikangas and Risch, Am J Psychiatry, 2003



4
TvkApovopetitar, XK voonong viodetnuévoy

nmﬁ/ld)v TPOEPYOUEVOV 00 oKoYEvaleg YK

2y1iLoppéverln 5.34

Mn ZvvoucOnuatikéc Yoywoeic 340 | *

Awzapoysc [Ipocomkotntag tomov A | 815 | *

\

2cotumikn Awatapoyn Ilpocom. 296 | *

Tienari et al. AJP 2003
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eAAEIpUOTO
NevpoyvyoroyiKES AOKINOGLES
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Krabbendam et al 2001.



Ti1 kKAnpovopucitai? FKvwoTiIka
EAAcipjpara

e |Impaired cognitive
function

—+— Patients
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:
o
0
9
]
L)
2
®
3
q
]
3]
&
-
e
®
x
@
o
s
o
<

Toulopoulou et al 2002




Neverikn perTaBifaon: AvwpuaAn

EYKEQPOAIKN HOPWYOAOYIA ;

Brain structure
abnormalities

Total lateral ventricular volume (mls)

Fam scz Nonfam scz Obligate  Other famrels Non-famrels  Controls
(n=35) (n=31) carners (n=10) (n=53) (n=33) (n=08)
Subject group

Mc Donald et al 2002



OQAIVOTLTTOL XY1COPPEVELNC







AFFYMETRIX_:

A" illumina




EmBeBaiwpivn YEVETIK CUGYETION




= At the heart of the concept of
“personalized medicine”

m Massively parallel genotyping now is
widely avallable it Bt
— Delineation of the individual's genome at ~1 [zt g s i
million sites ol g 4
— for << $500

m Affordable* complete sequencing of all
3 billion bases of the individual’s
genome will likely be a reality within the
next 1-3 years

— For ~$1,000




length scales of
aberrations/variations/polymorphisms

structural variation

h2
r
genome




Sebat et al. Science (Apr 20, 2007)

Strong Association of De Novo Copy
Number Mutations with Autism

Jenathan Sehal,"* B. Lakshmi,’ Dheeraj Malhotra,™ Jennifer Troge,** Christa Lese-Martin,?
Tom Walsh,® Boris Yamrom, ! seungtai Yoon,® Alex Krasnitz, Jude Kendall,® Anthony Leotta,®
Deepa Pai,* Hd'.' Zhang,* Yoon- Ha Lee ! James Hichs," Sarah ]. Spence, ' Annette T. I.E'E',s
Kaija Puura,® Ter‘r'lu lPhllr‘ndhl, David lPdL‘IPllPr, Peter K. Gregersen, ]r_wl BrPur‘ndn

James S. Sutcliffe,” Vaidehi _]uL'ldr'lpulrd,"" Wendy Chung,*® Dorothy Warburton,©

Mary-Clair |r'|r.‘.1, David Sl-.uw == Damiel H. Geschwind, L2 1. Conrad Gilliam, u

Kenny Ye,*' Michael Wigler't

We tested the hypothesis that de novo copy number varation (CNV) is associated with autism
=8 i ‘ GH) on the
5 and unaffected subjects to detect copy number variants not present in
their respective parents. Candidate geno _ ';_ 5 lidaer h',' hithr‘ resolutio G
paternity testing enetics, fluo on, ite genotyping.
1 i anrl',' associ '. 4 () : 1. Hur h ( N”h WI-'H-'
identified in 12 ( patients th ' ( )
with an .:IHI:'LTI-_'IJ first IJPurEE relative, and in 2 out of lflﬁ (1%
were smaller than mi solution. Affected genomic regions w
and included mutations of s nu_lu genes. These findings establish de novo germ |l|r1P I |urdr||-r1 as a
more significant risk factor for ASD than previously recognized.
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Large recurrent microdeletions associated with
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Hreinn Stefansson'*, Dan Rujescu’*, Sven Cichon™**, Olli P. H. Pietildinen’, Andres Ingason’, Stacy Steinberg’,
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LETTERS

Rare chromosomal deletions and duplications
increase risk of schizophrenia

The International Schizophrenia Consortium®




Stefansson H et al. 2002
Neuregulin 1 & susceptibility to
schizophrenia..

Am J Human Genetics, 71 877- 92
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Stefansson H et al. 2003
Association of neuregulin 1
with schizophrenia
confirmed In a

Scottish population.

Am J Human Genetics,
72:83-8%




DeCODE

e Movadikr Baon dedoUEVWIV
TTou TTEPIAQUBAvVEI TNV
TTAEIOVOTNTA TWV KATOIKWY TNG
loAavdiag

DNA KaI OIKOYEVEIOKO I0TOPIKO
atrd 100,000 eBeAovTEC.
AvalnTwvTtag uttowneia
yovidia yia 50 aobevelec.

H peyaAuTtepn utrnpeaia
YOVOTUTTIONG OTOV KOOO,
Ikavn yia 30 ekatoupupia
YOVOTUTTIOEIG TOV Unva,
UTTOGTNPICOPEVN OTTO TNV
TTUKVOTEPN KOl OKPIBECTEPN
XapTOyPAPNON YEVETIKWYV
TTOAUUOPPICHWV.




Neuregulinlkal 2¥1CoppEVEIQ

-m—m---

7 4+
5 exons
m
T v types |-V
CpG islands Alu exon

5’ NRG1 1.2 Mb 3’

At-risk haplotype
290 kb

[pwTn avakoivwon:Stefansson et al. 2002.

ATTAOTUTTIOG CUXVOTEPOG O 00BeVEIC armo TV IoAavoia,
2kwria, AyyAia kai Kiva (14.4% vs 7.6%)

NapepSaivel oTNV: YAOIOYEVEDH, HE EMITITWON, OTN
TOTIOBETNON, HETOVOOTEUDH KOI GUVOEDH VEUPWVIKWV
KUTTAPWY. KATO TNV OIGPKEIA TNG TTAWIUNG GVATITUEAG TOU
EVKEPAAOU.

[apeuaivel oTnV. EKPPAGH Kai Asitoupyia Twyv. NMDA
UTTOOOXEWV.




Processes
regulated
by NRG1:

Phenotypes
observed in

schizophrenia:

Radial glia
formation,
neuranal

migration

Heterotopias,
enlarged
ventricles

Meurotransmitter Oligodendrocyte Onset of
receptor development, puberty
EXpression myelination

Alterations in Damaged myelin, Correlation between
neurotransmitter reduction in number age of onset of schizophrenia
receptor expression of oligodendrocytes and sexual maturation

~ A 4 -
A Schizophrenia £

(Corfas et al 2004 Nature Neuroscience 7: 575)




Example(1): Autism

e Brain developrment disorder

e Age of diagnosis: 3

e |mpairment in social int
communication, rest rlct
penavior
“autism spectrum disorder”: Pervasive
D@veloomenwl Disorder - Not Otherwise

Specifled

Concordance rate in MZ twin: 70%/90%, in DZ
twin: 5%/10%




Dysbindin kai XXICOPPEVEIX

> [pwtn ota Yuyiarpika Xpovika ETIBERaIWon HE
TEXVIKN YEVETIKNG oUoXETIONG (Straub et al 2002),
UIOG TTPONYOUMEVNG MEAETNG VEVETIKNG OUVOEONG
TNG 2 XICOPPEVEIOG OTNV TIEPIOXN 6p22.3

> Emiefaiwon ammo YEAETN VEVETIKNG CUOXETIONG
o1n 2ounoia 17.8 % vs 3.1% (OR = 6.75)

> [lapePBaivel oTAV VEUPWVIKI ETTIKOIVWVIO

> AANNAOETTIOPAON UE METOCUVATITIKEG THIPWTEIVEG
TTou puBuicouv TNV Asimoupyia Tou NMDA
UTTOOOXEQ.




Dopaminergic imbalance in
schizophrenia

Deficit prefrontal F Excess subcortical
| DA

DA i — : - & g
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| ".Ii | (

Hypostimulation S X L Hyperstimulation
D, receptors =3 | el 2 V8 D, receptors
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Functional polymorphism
COMTVaIlSSI\/Iet

*
—

Met

. g

</

|

COMT

High activity Low activity
homozygote homozygote




Catechol-O-methyltransferase (COMT)

Encodes a key enzyme that
metabolises dopamine In
frontal cortex

Two alleles — val and met

Val allele associated with
poorer frontal function

Some but not all studies show
the val allele confers risk for
schizophrenia

val = valine; met = methionine Li et al 1996; Egan et al 2001
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Estimates of Heritability From Twin Studies

m Obesity
0.80

m Type 2 Diabetes
0.75

m Schizophrenia
0.65

m Hypertension
0.55

m Alcholism

0.55
We now haie@ﬁﬁq@g@ analyze the genome and define individual

050 variation




Emil Kraepelin, 1896, splits psychosis.

“crystallized dementia
praecox and manic-
depressive illness from an
amorphous mass of
madness” (Brockington &
Leff, 1979).

Organic

Functional
— Dementia Praecox
— Manic-depressive insanity




Estimates of Heritability From Twin Studies

Obesity

Type 2 Diabetes
Schizophrenia
Hypertension

Alcholism 0.55
Cirrhosis

Atherosclerosis 0.40
Breast Cancer

Type 1 Diabetes 0.25

We now have the ability to analyze the genome and define individual
variation




lllustration of the chromosomal regions with

positive indications of linkage in schizophrenic
and bipolar-affective disorders

[0 Schizophrenia
B Bipolar disorder

1 = Dysbindin gene

2 = Neuregulinl gene
3 =G72/G30 locus

4 = COMT gene







At the heart of the concept of
“personalized medicine”

« Massively parallel genotyping now is

widely avallable

— Delineation of the individual's genome at ~1 FEtasEEGREs
million sites o e ool

— for << $500

« Affordable* complete sequencing of all
3 billion bases of the individual’s
genome will likely be a reality within the
next 1-3 years

— For ~$1,000




Studying candidate genes across the
Kraepelinian divide: Neuregulin.

« NRG1 HAP,e confers risk
to illness with both
schizophrenia and mood
features.

o Effect size of NRG1
HAP,.z Increases with
preponderance of mood-
Incongruent psychaotic
symptoms (sign test
p=0.002).

Odds ratio (OR)
- - - -
N »C {

[N

10 20 30
Green et al, Archives of General Psychiatry, 2005. | dimension




Studying candidate genes across the
Kraepelinian divide: Dysbindin.

o NO association between
BP and the Cardiff
haplotype in DTNBP1.

=
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« Suggestive evidence for
association with BP with ©
predominant psychosis.

[N

Upward trend: p = 0.014

Raybould et al, Biological Psychiatry, 57: 696-701, 2005.




DAOA (G72) in schizophrenia and
bipolar disorder

Comb=dZHFE L 111 1

« Significant whole gene association in BP (n=706,
P=0.045) but not SZ (n=709) vs controls (n=1416).

o Significant whole gene association in “Mood” (n= 1153,
pP=0.0086) and in schizophrenia-mood (n=112, p=0.02)
but not psychosis (n=818).

« DAOA is probably a susceptibility locus for mood
disorder rather than schizophrenia per se.

« Extent to which association seen in schizophrenia
depends upon clinical characteristics of sample.

(Williams et al Archives of General Psychiatry, 2006).




Using genetics to dissect psychosis

Susceptibility Dysbindin

B 1

- ' B
Prototypical ‘rominent | Prototypical
Schizophrenia and affective features Mood Disorder

. DSMIV |
DSMIV Schizophrenia | SA . DSMIV Mood disorder
' disorder |

Craddock, O’Donovan and Owen, Schizophrenia Bulletin, 2006.




Do genetic findings in psychosis
point to a common mechanism?

« The genes most clearly | presynapiic |
implicated (NRG1, DTNBP1, | S
G72) all code for proteins that Gt
potentially impact, directly or g o
Indirectly, on the function of
glutamate synapses.

Harrison and Owen, Lancet,
2003.

° f
mGIuR5 ErbB4 | NMDAR

But caution required!

— proteins implicated poorly [ ~ PSD
understood \ @ T

— multiple processes implicated for .. Dysbindin

NRG1 and DTNBP1

| Postsynaptic |
neuron




Presynaptic
dopaminergic
neuron

Cortical or
mesolimbic
target
neuron

ffSynapﬁc

Space

Postsynaptic
Neuron _

Presynaptic

- mGIuR2/3

Glial Cell _

~ NRG1
Neureoaiin

\

D-Ser D-Ser-e—— |-Ser
DAAO
o7l
Gly&D-Ser

mGIluR2/3
mGIuR5

Glu

Dysbindin |




1.000.000 snps per person !
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Tracey Emin

Exclusive: How I created the show of my life

Bipolar disorder Coronary heart disease

| The most frequent cause of death in Britain,
with 100,000 victims every year, By 2020, it
will be the biggest killer in the world

Also known as manic depression,
it affects 100 million people
around the world

Hypertension
High blood pressure affects
16 million people in Britain. Can lead to

stroke, heart disease and kidney failure are afflicted with this auto-immune

disease of the joints

‘ Type 1 diabetes
| Diabetic condition in which
| sufferers have to inject insulin, —~f - = .
‘ Affects 350,000 people in UK Crohn's disease
. | Up to 0,000 people are aﬂected by this
debilitating bowel condition which can

vpe 2 diabe ! ]
T-" PE £ dld h i » cause distress and pain for a lifetime

Almost 2 million ons are affected by
this late-onset disease, which is linked
with the growing obesity epidemic

mmmm:h l )

{ FOR SEVEN OF THE MOST
'O MILLIONS OF SUFFERERS
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4 FULL STORY, PAGE 2




MeAETEC DIOUNWY OUVNYOPOUV YIA ICXUPRH

YEVETIKN TTPOOIG0eoN

2X1CoppEveEIa

AiroAIk ZA

- Dizygotic twins
. Monozygotic twins

Concordance rate

100

Gottesman 1991
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Tsuang and Faraone 1990



« High levels of glutamate,
NMDA or AMPA Kill
neurons

e Glutamate levels rise
following stroke

o Glutamate receptor
antagonists reduce brain
damage following
experimental stroke




Ntotrauivn(DA) — 2x1loppeveia (2X)

Dopamine Synap$

dopamine

dopamine
receptor
antagonist

dopamine
receptor




PAST INVESTMENTS IN BASIC RESEARCH

Basic neuroscience

 Mental iliness is a biological brain
disease

* Medicines in development based
on basic neuroscience research

Human genetics

* A new era has dawned for
understanding complex human genetic diseases

» Fostering new approaches to treatment and diagnosis

= Example from autism spectrum disorder



How can we come to understand the
underlying molecular causes of schizophrenia

and bipolar iliness?

The single largest risk is the sequence of a patient’s genes




NEW TECHNOLOGIES FOR GENETICS

* High-throughput DNA sequencing: ability to sequence
all genes in 1000 patient samples and 1000 controls

 More detailed map of the human genome

* Next 2-5 years WILL see this technology




IMPORTANT REALIZATION

Science’s ability to unravel the underlying causes of
severe mental illness is upon us

Technologies are rapidly progressing

What is limiting? Not the intellectual approach

For the first time in the
history of the field there is
a way forward that can lead
to significant improvements
In diagnosis and therapy




GENETIC DISCOVERY TO TREATMENT

 Many examples of discovering genetic predispositions
to disease and translating the discoveries into
Important, new treatments

« As technology for discovering genes for disease have
evolved, technologies for translating the discoveries
Into treatments have also evolved




IMPORTANT REALIZATION

Science’s ability to unravel the underlying causes of
severe mental illness is upon us

Technologies are rapidly progressing

What is limiting? Not the intellectual approach

For the first time in the
history of the field there is
a way forward that can lead
to significant improvements
In diagnosis and therapy




Possible new drugs in development

* Glu 2,3 agonist

e D-cycloserine

e Desmethyl clozarll

« M1 allosteric agonists
 Gaba alpha 2,3 agonists
 PDE-10 inhibitors

« Alpha-7 nicotinic agonists



New approaches to therapy

Drug mechanism Stage of research
mGlur2,3 agonist Expanded human trials
Desmethyl clozaril Human trials

Alpha-7 nicotinic

receptor agonist Human trials

Gaba alpha 2,3 agonist Early human trials



New approaches to therapy

Drug mechanism Stage of research

D-cycloserine: novel regimen, Proven in acrophobia,
use with psychotherapy anxiety

Phosphodiesterase 10 Animal research,
Inhibitors excellent results



Whole-genome study of 4400 bipolar cases

Statistical assessment of gene findings

Cases 4434
Controls 6214
8 ] 4]
g i ;
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a6 - g g
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@ 8 o
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19202122 23

Chromosome

Manuel Ferreira, Yan Meng



Ten Leading Causes of Years Lost to Disability

(YLD) — Worldwide, Year 2000 Estimate —
Persons Aged 15-44 Years

Rank Disease or Injury

2 Alcohol use dsorders
3. Schizophrenia
4
o

Iran-deficiency anemia
. Bipolar disorder

6. Hearing loss, adult onset
7. HIV/AIDS
8. Chronic obstructive pulmonary disease

4. Qsteoarthritis
10. Road traffic accidents

Neuropsychiatric condiions are highlighted
World Heshh Organbation, 2001




ZXICOPPEVEIA - AiTia

KAnpovouikeTnra

IAnéuouog 2uxvornra
I"evikég NMANBuoIOG 1%
ADEAPIO OYI{OPPEVIIV 8%
Moudid pe Eva oxiICoppevn) Yovea 12%
Etepoluywreg didupol 12%
oXi1¢oppevoUg

Moudia pe duo oxICoppeveic 40%
YOVEIG

Opoluywreg didupol 48%
OX1{oppEVOUG




NEYPOANAITY=IAKH YINOOE2ZH
THZ 2XIZOOPENEIAZ

‘H aimimma@oyéveia Tng ZX1{o@pEVEIAC
OWEIAETAI OE EAAEIJHATIKN AVATITUSH KOl
VEUPWVIKN OIKTUWON TOU UTIO
wpeigavon eyKe@aiou.’

Murray et al. 1985, Weinberger et al. 1987




/TeveTikr) EvaAwToiuotnTa (11.%. Neuregulin,
| Dysbindin, DISC1)

‘Evapen Zx1(oppEveiag

*H geuaAwaoipdtnTa TTPOG WPUXWOon utTodNAWVETal
atro OEIKTEG TTOU ATTNXOUV avwHOAia i
KabuoTépnon oTnV VEUPOAVATITUEN

*H geuaAwaoipdTnTa TTPOG WPUXWON UTTOdNAWVETAI
atro OEIKTEG TTOU ATTNXOUV ATTIA EAAEIUPATA OTIG
OIOTTPOCWTTIKEG OXETEIG, XAUNAN £TTIOON OTO
OXO0Agio, kal ATTIa yvwolakd eAAgippaTa.

*AAANAETTiIOPAOT TWV EKAUTIKWYV AQUTWYV
TMAPAYOVTWYV HE TTPOUTTAPpXOUC
YEVETIKR TTpodidBeon eSuywvel TNV
EUOAWTOTNTA TTPOG voonon

Mpoapuoyn atd Toug Dean kal Murray 2005



Ta yvwaoiakd eAAsippaTa TTpodioBéTouy
OE AEITOUPYIKK EKTTTWGON GTN ZXICOPPEVEID

EmiTéAeon
KaOnuepIVWV

OpPaOCTNPIOTATWYV

NMpoocoxn Koivwviki
AgsiToUpyIKOTNTA

MvAun Epyaociakn
AsiToUpYIKOTNTA

AvuTtovopia

OoTNnV KOIVvOTNTA

Green 1996; Velligan et al 1997




Guoikr EEENEN TNC Zx1{oppévelac

KaAR

A&IToupyikoTNTA

WuyxotraBoAoyia
[Mpovoonpn MNpodpoun LlefeAleRYelefell 2100epOTNTA

YT0TPOTIN

30
HAIKia (€Tn)




H emidpaon Kavvafng oTnv METETTEITA AVATTTUSN

Yuxwoikng Zuvopopung , ECapTATAl ATTO TOV
yovotutto COMT

Individuals 15 -

with
schizophrenif
orm

psychosis at 10 -

i

age 26 (%)

B No adolescent cannabig
] Adolescent cannabis us

Met/Met Val/Met

VEUNEL

Caspi et al 2005




Motor and language development
in subjects who develop
schizophreniform psychosis

Motor Expressive Receptive IQ
development Ilanguage language

Mary Cannon ef al., Arch Gen Psychiatry.




CANNABIS CONSUMPTION AT AGE 18
AND LATER RISK OF SCHIZOPHRENIA

30

25

20

e
I

Cases of schizophrenia
(per 1000)

0 | 24 5-10 | 1-50 =50

Number of reported occasions



NEYPOANAITY=IAKH YINOOE2ZH
THZ 2XIZOOPENEIAZ

‘H aimimma@oyéveia Tng ZX1{o@pEVEIAC
OWEIAETAI OE EAAEIJHATIKN AVATITUSH KOl
VEUPWVIKN OIKTUWON TOU UTIO
wpeigavon eyKe@aiou.’

Murray et al. 1985, Weinberger et al. 1987
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CNS T.A.




Dopaminergic imbalance in
schizophrenia

Deficit prefrontal F Excess subcortical
| DA

DA , g——— /
A\ | J
| ".Ii | C

Hypostimulation S R L Hyperstimulation
D, receptors =3 | el da ) D, receptors

' /
3 - 2 . /
5\
“
i —— . /

\CEELIEI Dopamine - Positive

symptoms symptoms
& cognitive pathways

Impairment




KAaooika avTiwuywoikda oTnv
EAAnvikn ayopa

b O o 6 b O O o 6 4 o O

ALOPERIDIN
CLOPIXOL
DOGMATYL
FLUANXOL
LARGACTIL
MAJEPTIL
MELLERIL
NOZINAN
PIRIUM
STELAZINE
TIAPRIDAL
TRUXAL

NN N N N N N N N N NN

Janssen
Lundbeck
Synthelabo
Lundbeck
Rhone-Poulenc
Rhone-Poulenc
Sandoz
Rhone-Poulenc
Janssen
Vianex
Synthelabo
Lundbeck

CNS T.A.



Oapuoxa ITpmtng I'evedg (AIID)

* Yyninc Apactikdtntoc ( ALomepiooAn)
Anoxielonog D2 vmoooyEmv pe younAotepec
00cels. [ Evrova eEOmMLPOLIOTKA CUUTTOUATO
XoaunAng Apaoctnkottac (Xhopompopalivn) 1o
Meyarec 00aelC Yia 1010 amotéleoua. 1To Evtovn
vvnAia, opfootatikn vToTac™, Tayvkapoia. 110
EVTOVT] OVTLYOALVEPYIKT] AVTIOOPEVEPYIKT OPAGCT)




B XapaKTnpIOTIKA KAQOOIKWV
Bl VEUPOANTITIKWV

b © AVTaywVvIoTEG TwV D, VTOTTAMIVEPYIKWYV
= UTTOOOXEWV

# | © ATTOTEAEONATIKG OTNV AVTIUETWTTION TWV
 BETIKWYV CUNTITWHATWY

@ Aonuavtn dpdon oTa apvNTIKA CUPTITWUATO

;':‘:\““.4 MPAKANON EEWTTUPOUISIKWV TTAPEVEPYEIWV

CNS T.A.



Avtiyvynotka Oapuoko

o IIpatnc I'evedc Aviiyvymowkd (XAmporpouolivn,
dAovpevalivn, PAovmevOIEOAN, ALOTTEPLOOAT,
IIepalivn, Iepeouvalivn, ITpolion,
ZovkhomevOiEOAN)

o Agttepnc N'evedg Avtiyvymowd (KAolomivn,
Pioreproovn, OlavCanivn, Kovetiomion,
Zimpoloovn, ApumimpoalOAn, AUIGOVATIPION)




Deviance from controls

TRAJECTORY OF PREMORBID IMPAIRMENT

Mean deviance

95% Confidence interval

| )
5 |10

Age in years

|5



MeAéreg o€ maudia MPIN Tnv évapdn
2 X1{OPPEVEIAG

e KoIvWwVIKI atrooupaon o€ nAiKia 4 Kal 6 Xpovwy
 EAQTTWUEVEC KOIVWVIKEC OECIOTNTEC O€ NAIKIO 7 XPOVWYV

« KoBuaoTtépnon otnv Evapen Badiong Kal ekuadbnong
YAwooag

o XapNAOTEPN ETTIOOCN OTO OXOAEIO
o EAQTTWUATIKA IKAVOTATA KIVNTIKAG OECIOTNTAC

o XapnAOTEPOC OEiKTNG e@uiac (1Q)
Jones et al. 1994, Done et al. 1994, Walker €910




