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BBeaeHue B (hapMaKoreHeTUKy

NMouyemy oTBeT Ha nNekapcTBa pa3finieH?
YTto Takoe thapmakoreHeTuka?

MeToponorusa chapmakoreHeTU4eCKux
uccrnenoBaHUN.

TpeboBaHus Kk hapmakoreHeTU4MECKUM
TecTaMm.

CbapMaKOFEHETVI Ka aHTUNCUXOTUKOB.

dapmakoreHeTUKa TapaAUBHOW OUCKUHE3NMN.
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Drug toxic but
NOT beneficial

Patient group

beneficial
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and beneficial
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B 2006 rony 3aBepLUeH NPOeKT
«eHOM YyenoBeka»

* yeyioBe4yeCKknu reHom coctouT n3 3164,7 MINH. XMMN4YeCKUX
HYKNneoTuaHbix coeauHeHuu (A, C, T, u G);

* cpeaHun reH — u3 3 000 coeagnHEHUN, HO ero pasmMmep MoXeT
pocTuraTtb 2,4 MIiH. COeAUHEHUN;

* obuwee KonnyecTBo reHoB oueHnBaeTca B 30 000 (HamHoro
MeHblle, YeM Nno npexHum noac4yetam — o 140 000);

* NOPAAOK NpakTu4yeckn Bcex (99.9%) HyKneoTUAHbIX COeANHEHUN
OHK abcontoTHO oanHaKOB y BCeX nioaemn;

° He U3BeCTHbI PyHKLUMM boree 50% oOHapyXeHHbIX reHOB;
°* MeHee 2% reHomMa KogupyroT BbipaboOTKy Oerka;

°* NOBTOpPAOLWMECA COeAUHEHUSA, He Koaupyrowme BbipaboTKy
Oenka, coctaBnsaoT 6onee 50% yenoBe4yeckoro reHoma.
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Nocne 3aBepweHnna B 2006 r. npoekTa «eHOM 4YyerioBeka»
y4YyeHble CTpeMuUTenbHO npoaBuratoTca B usyvyeHmu SNP.
BOoNbWHNHCTBO YyYeHbIX YTBepXAaeT:
uccnegosaHue SNP npousBeaeT peBonouuio
B npodunnakTmyecKkon meguuuHe, AMarHoCTUKe 3aborneBaHUn U
nepcoHanu3npoBaHHOMN Tepanuu.
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DNA Genetic Code Dictates Amino Acid
Identity and Order

DNA
Sequence

Is

the
Genetic

GCA AGA GAT AAT TGT... Code.

EAIa Arg - Asn 1Cys «« ¢ Growing
1 ) 3 4 5 Protein

Chain

Y-GA 98-648




MNMpakTnyeckn nocnegosarenbHocTb AJHK abconoTHO naeHTu4Ha y Bcex noaen (99.9 %).
Hawwun pasnnuma onpenensitotcA reHeTM4eCKMMu nonmmopdpusmamu.

NMonunmopcdnam — BapmaHTbl nocnepgoBartenbHocten [AAHK, pacnpocTtpaHéHHble B oOLwen
nonynsumm ¢ Yactotonm He meHee 1%.

FoaF S LT LR R A

feHeTMYeckmne nonMmopdpn3amMbl MOTyT ObITb CrieayHLWNMMN:

Tandem Repeats (VNTR); e.g. TTA TTA> TTA TTA TTA

S LR AT

Foa F S TR R

ii. Insertions and Deletions (Indels); cggat > cg'at

ili. Single Nucleotide Polymorphism (SNP); e.g. CAT -> GAT

roa Fo SRR £

iv. Gene duplications (e.g. 3x or more copies of CYP2D6)

oA Fo S LR R

Monumopchunambl MOryT BNUATL

- CTPYKTypa unun chyHKUmA dernka

roa Fo S LR £

- protein density (NNOTHOCTbL NN KOHUEHTpaLUuUA)

h 4]
N 0.
. |
- ‘..' |

> mRNA cTabunbHOCTbL WA CNNANCUHT (Bbipe3aHne UHTPOHOB)

oA F S LR £

—> He OKa3blBaTb BIIMSAHUA, HO ObITb CBAA3aHbl C APYrMMU
nonumopcpunamamm (LD)

FArn P SR R
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| W3-3a vHAMBMAyanbHbIX pasnuyvn... |
« 70-80% nekapcTtB-KaHOMAATOB TEPNAT Heyaady B =
) KIMUHNYECKUX UCNbITaHUAX. 4
MHorve n3s yrBepXxaeHHbIX npenapaTtoB yaaneHbl ¢
; pPbIHKa U3-3a HebnaronpuAaTHbIX 3ddekToB }
neKapcTBeHHbIX CpeacCTB.
. 2
: Ucnonb3oBaHue nHdopmauumn o AHK- i
: nocrnenoBaTeNibHOCTU AJ1A OLEHKU U npeaukumm
i oTBeTa Ha JfieKapcTBa. G
[NepcoHanusnpoBaHHbIe JIeKapcTBa.
*’ BbicTpOTa KNMMHNYECKUX UCNbITAHUMN. ;”f
MeHbLwe No6o4HbIX 3¢pcheKTOB feKapCTBEeHHbIX B
: cpeAcTB. -
II‘ dapmakoreHeTuka |
B B O B S B



Y10 Takoe chapmakoreHeTuka?

Hayka, n3y4aroLlas To, Kakum obpas3om pasHble
reHoTUMbl onpeaenstoT pasHblii KNMMHUYECKUI OTBET Ha
fleKapCTBEHHbIE CPeaCTBa;

N3y4eHne Toro, B KaKom Mepe nan no pasHomy
pearmpyroT Ha fekapcTBEHHbIE CpeacTBa B CUITy CBOUX
reHeTU4YeCKUX 0CODEHHOCTEN;

N3y4vyeHne Koppensaumn HacrneaCcTBeHHOM reHeTU4YeCcKou
NHJOPMaLMKN N NTEKAPCTBEHHOIO OTBETA.
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Kak ncropunyeckmn npumep, so spemsa Koperckon BonHbl Korean War
(1950-1953), uTO6OBLI CHM3NTL BEPOATHOCTbL 3aboneBaHnsa Manspuen,
ONA NpodouUNakTUKKU HasHavasn NnpoTuBoManapunHbIN npenapart
primaquine. Bckope nocne atoro, 6onee 10% adpo-amepukaHcKux
BOEHHOCYXaLMX NOCTYNUNMU C AMarHo3oM OCTPOW aHEMUU U
TAXerion remonnTnyeckon aHemun. Bce noctpagaswive
BOEHOCIyXallune uMenu Mmytaumm B reHe, KOTOPbIU KogupyeT
dhepMeHT rnoko3o-6-pocdat gernaporeHasa (G6PD).
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PyHKuMoHanbHo 6P UrpaeT BaxXHyO posib B NogaepKaHnn
Hagnexauwiero 6banaHca onpeneneHHbIX Monekyn B KrneTkax. Kak
npaBuno, MyTaumda, KOTopasa CHMXKaeT HopMarbHble OYHKLNK
depmMmeHTa MOXET ObITb KOMNEHCUPOBAHO 3a CHET APYrnx
KNeTou4HbIX npoueccosB. OgHako, noan ¢ mytaumen reHa 6d/l
MCNbITbIBAKOT TPYAHOCTU, KOrAda UX KIeTKM noaBepratoTcs
OOMONHUTESTIbHOM Harpy3ke Hanpumep, Korga BBOAAT NPUMaxuH.
Cuctema CTaHOBUTCA Neperpy>XeHHomn, u B pesynbTtare
OKUCITNTESbHOrO MOBpEX4EHUS KINETOK KpaCcHOM KPOBU MPUBOAUT K
aHeMunun. Kak Tofbko nedeHune 6bIio npekpaLleHo,
BOEHHOC/TyXallue Bbl34OPOBESIN.
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Drugs and Treatment/Action

Drug Responses

Polymorphism Rules and Year of Report

Cytochrome P450 142

Antipsychotic agents for schizophrenia
patients

Tardive dyskinesia

Bsp120l (C—A) polymomhism in CYP1A2 gene, 2000
[Baszile ef 2, 2000]

Cytochrome P450 2024

Anticoagulant agents for the iniial phase
of phenprocoumon treatment

Severe over-anticoagulation

CYP2C872 genotype, 2004 [Schalekamp ef al, 2004]

CYP209%3 genotype, 2004 [Schalekamp et af, 2004]

[y ad fom b

Cytochrome P40 206

Neuroleptic agents for chronic
schizophrenic patients

Tardive dyskinesia

CYP206™ genotype, 1998 [Kapitany ef af, 195%]

Cytochrome P450 206

Psychochopic drugs for peychiartnc
liness

Extrapyramidal drug side
effects

CYP206 PM phenotypes, 1999 [Mandel ef af, 1939]

[y al fom b

Cytochrome P40 206

CYP206-dependent antidepressants

Drug nor-response

CYP206 EM phenotypes, 2004 [Rau ef af, 2004]

UDP-
glucuronysitransterase

Capecitabingdnnotecan for the treatment
of metastatic colorectal cancer

Greater anfitumor response
with lowy toxicity

UGTIAS2M 2 genotype, 2005 [Carlinl ef &i, 2005]

UGTIATZMS genotype, 2005 [Carlini ef ai, 2005]

UDP-
glucuronyshtransferase |

[y ard fom b

Tranilast for the prevention of restenosis
following cornary revasculanzation

Hypetilirubinemiza

Homozyqosity for a (TAJF-repeat element within the
promator region of UGTIAT gene, 2004 [Hosford et af,
2004]

M-acetyltransferase 2

[y ad ot b

Trimethoprim-sulfamethoxazole for the
treatment of infections in infants

Idiosyncratic reactions such
as fever skin rash and

multicraan toxicity

MATZ"SA allele, 1997 [Jelinska ef af, 1938]

NATZ'SC allele, 1997 [Zielinska ef af, 1995]

NATZ2*7E, 1997 [Zelinska ef af, 1998]

M-acetyltransferase 2

Aromatic amine carcinogens in tobacco
smoke

Hepatitis B related
hepatocellular carcinoma

MATZ™ allele, 2000 [Yu ef &f, 2000]

M-acetyltransferase 2

[y ad fom b

Isonaiazid for the prophylaxis and
treatment of tuberculosis

ADRs such as peripheral
neuritis, fever and hepatic
toxicity

SAtype (NATZEME, NATZ®EST, and NAT2™7 /7)), 2002
[Hiratsuka erf af, 2002]
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HekoTopble reHbl-kaHAMAaThI,
nonnmMopdnamMbl KOTOPbLIX BIUAIOT
Ha dbapMmaKkonorm4eckum oTBeT NCUMXOTPOMHLIX NpenapaToB

sEiTy

ITETLILES

sEiTy

/ CYP2D6 \ DRD1
CYP2C9 DRD2
CYP2C19 (2eHbl JA-p )
CYP3A4

YP3A ‘BcacbiBaHMe
CNA‘:’3-25 -PacnpepeneHue ««MuweHu» Nc

.E“quchq]npmau“H -flaToreHeTU4YecKue MmyTH
-BuiBegeHue 3aboneBaHUMH

ITETLILES

sEiTy

ITETLILES

sEiTy

IETLILES

QAPMAKOKMHETHUKA | 4 | PAPMAKOOWMHAMWKA w—- OTBET HAJIC

sEiTy

*PepMeHTbI ‘Peuentopbl

OnoTpaHcgopmaumu JiC «PepmMeHTbI

‘TpaHcnopTepsbl N1C * MOHHbIE KaHanbI
-JiunonpoTenHbl
+PaKTOpbI CBEPTLIBAHUA
‘Benku KneTo4YHOro UMKNa
««CUrHanbHbie» 0enku

IR LRI TR

sEiTy

MDR1
BCRP
SLO1B1

ITETLALES

sEiTy

Roots |, 2003 (c gononHeHnaMun)
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[MpocTpaHcTBeHHas KoHdopmauus

Lintoxpoma P450
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Cxema bunotpaHcdopmaLmMm aHTUNCUXOTUKOB
U BapuaHTbl TepaneBTUYEeCKOro oTeeTa :
B 3aBUCUMOCTM OT NoNMMopc¢HOro BapmaHTa

@ )

KoHueHTpauus ¢

Ultrarapid metabolizers

HepocTaTouyHas (UM)*
3pPEKTUBHOCTb
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CYP 2D6*3
CYP 2D6*4
[MoboYHble adhheKThI CYP 2D6*5
CYP 2D6*6
CYP 2D6*7 Poor metabolizers (PM)**
CYP 2D6*8
CYP 2D6*9
CYP 2D6*10
CYP 2D6*41

*- Bertilsson et al. 1993; Dahl et al. 1995

KoHueHTpauus **. Mahgoub et al. 1977; Tucker et al. 1977;
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1 Functiomnal C¥PIODS gene

m O Functional CYPIDGE penes
2 Functional CYP2DE penes
3 Functional C¥PZODS genes
* 13 Functional CYP2D G penes
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Weinshilboum,NEJM,2003,348:529

Ll fjowu} supkydupoy ewsey

..,_-prsw.n

B

e AR T PR R R R T T R PR S T R A R R T R R R T T R R e e R T
L s Ry eyl TS R e ] T S R DA ] T g ] T o ] T R o ] T R e iRyl T e e e ] ....MMJ_.



.
2
>

s R R B R S s R S S R H S B RS B R B s

dapmMakoreHeTU4eCKoe TeCTUpOBaHMe
ocobeHHO Heobxoaumo B crieayroLWnx
KIMTUHUYECKNX CUTyauunsax

Npn npumeHeHnn JIC ¢ OONbLLIUM CNEKTPOM U
BbIPaXXeHHOCTbLIO HeXeraTesibHbIX JIeKAPCTBEHHbIX
peakuumn

Npun anutenbHoMm npumeHeHum JIC (cepaedHo-
cocyaucTtble, ncuxotponHblie JIC, ropMmoHanbHbIe
npenapartbl U T.4.)

Npn npumeHeHnn JIC ¢ y3Kon TepaneBTUYECKOU
LULMPOTOU

Y naumeHTOB M3 rpynn pMckKka pa3BuTus
HeXXenaTenbHbIX JIEKAPCTBEHHbIX peaKuumn

NMpu npumeHeHnn goporocrosawmx J1C

Kykec B.Il"., 2000
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06u.w|e Tpe6OBaHM;|, npeabsABNAeMble
K dbapmMakoreHeTU4eCKOMY TeCTy
ANs BHeAPEeHUA B KITMHUYECKYIO NPaKTUKY

Hanunune BbipaxxeHHOM accounaumumn Mexay BbISABNAEMbIM
annenem Toro UJsiu UHOro reHa U HeGNaronPUATHbLIM
chapmakonorm4ecCKumM OoTBETOM.

TecT gonxeH obnagaTb BbICOKOW YYBCTBUTESIbHOCThIO,
cneundpuYHOCTbLIO, NpeAcKa3saTenbHOW LEeHHOCTbIO
NOJIOXUTENbLHOro U OTpMUaTenbLHOro pe3ynbLTaToB.

JloneH ObITb XOpOLUO pa3padboTaH anroputmMm npumeHeHus JiC
B 3aBMCUMOCTHU OT pe3ynbTaTtoB (papmMakoreHeTU4eCKOro Tecra.

BbisBnsembin annenb AOMKeH BCTpeYaTbCs B NONYyNsALUU C
4acToToOun He MeHee 1%.

HOonXxHbl ObITb AOKa3aHbl NpeumMyLlecTtBa npumMmeHeHus J1C ¢
Ucnosfib3oBaHUeM pe3ynbTaTtoB hapMaKkoreHeTU4YeCKOro TecTta
No CpaBHEHUIO C TPAaAULMOHHbLIM noaxoanom (6es
TeCTUPOBaHUA).

TecT AOMKEH BbITb OLIEHEH C NO3ULIMK (hapMaKO3IKOHOMMUKM.
Felix W. Frueh, 2006 (8 moandmkaunn)
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PapmakoreHeTU4YECKME TeCThbl,
peKkoMmeHAOBaHHbIe K NPUMEHEHUIO
B KITMHUYECKOM NPaKTUKe B Pa3fIMYHbIX CTpaHax
ana cHmxeHuna pucka passutusa HIIP (FDA, EMEA)

OpanbHble aHTUKOAarynsHTbl: BapdapuH, aueHoKymapon (onpegenenue
nonumopdgunamoB reHoB CYP2C9 un VKORCH1).

AHTUOenpeccaHTbl U HeuponenTuku (onpeageneHue nonumopdnsmoB
reHa CYP2De6).

N3oHnasng, nupasmHamug, pudamMmnuumH (onpegeneHne nonmMmopguamon
reHa NAT2).

OpanbHble KoOHTpauenTuBbl (onpegeneHne T.H. «MyTaumn JlemgeHa» B reHe V
dakTopa cBepTbiBaHUSA).

ATOMOKCETUH (onpegeneHne nonumopdunamos reHa CYP2D6).
BopukoHason (onpegenenue nonumopdunamos reHa CYP2C19).
Kapb6amasenuH (onpegeneHue nonumopdHoro mapkepa HLA-B*1502).
AbakaBup (onpeaeneHne nonumopdHoro mapkepa HLA-B*5701).

AsaTtnanpuH, 6-mepkanTonypuH (onpegenexHune nonumopdguamos reHa TPMT).

MpuHoTekaH (onpeaenenune nonmmopdunsma reHa UGTT1A1).
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Ona yero cToUT U3yyaTb
dapmakoreHeTUKYy aHTUNCUXOTUKOB?

1. Tonbko 60-70% nauMeHTOB OTBEYaloT Ha
Tepanu aHTUNCUXOTUKaAMMN.

2. [lozpgHee BbIAABNEeHMe npoodriemMbl
HeAoOCTaTO4YHOro TepaneBTUYECKOro oTeBeTa
(cnycta 4-12 Hegenu ¢ Havana Tepanun).

3. Tepanusa NCUXOTPONHbLIMU NpenapaTtamMmu
MOXEeT NPUBOAUTDL K HeXenaTesibHbIM
adphektam (IAMNC, HeNPOIHAOKPUHHDbIE
nobo4yHble ahdeKkTbl U T.M.).

4. MexaHuU3M AeNCTBUA aHTUNCUXOTUKOB O0
KOHLIa He SICeH.

T A REme T
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dapmakoreHeTU4YECKME MeTOAbI: |
OCHOBHbI€ Lenu

dapmMmaKOKUHETUKA:

[Monnmopdunsam reHoB
CYP450, TpaHcnopTepsbl JIC

OpnobpeHo FDA (De Leon et al 2006)

dapmaKoanHaMUKa:

Monnmopdursm reHoB peL.enTopos
AodamMmnHa U CEPOTOHUNHA,
NepeHOCYMKOB HEMPOMEANATOPOB
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'eHbl, nonnmopdnim KOTopbiX Handonee 3Ha4YUM
AnAa 6e30nacHOCTU NCUXOTPONMHOU Tepanuu

HTR2C (ren cepotonuHosoro peuentopa SHT2C)
Perynauua annetuta/ seca / Cax. gnabert 2

e (Xg24) 759 c/t (rs 381929)
e T-annenb accoyunmpoBaHa c oTcyTcTBMem npmnbasku Beca (p«0,0001)

e CBA3bC BO3PaACTOM, NOJ/TIOM, XapPaKTEPOM Te4eHUA NepBoro ann3oa He
YCTaHOB/1EHA (De Luca et al 2007)

DRD3 (rex peuentopa podpamuna D3)

Perynauma MOTOPHOM aKTUBHOCTM/3aTOPMOMKEHHOCTH
e (3q13.3)
e Ser9Gly (rs 6280)

Nasrallah 2008; Reynolds et al 2005; Lerer et al
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6annbl no AIMS

9
8
7
6
5
4
3
2
1
0

Pe3ynbTaTbl MeTa-aHanuns3a cBA3un
reHotuna DRD3 u oueHok no AIMS

PapmakoreHomuka T[1: KOMOMHMPOBAHHbLIN aHANM3 AaHHbIX 780
crny4aeB

6 ueHTPOB; 8 NONYNALUMOHHbIX FPYNMN; perpecCUoOHHbIN aHann3
(reHoTMN, BO3pacT, Non)

HocutenbcTBO
Gly9Gly reHoTMNa
AOCTOBEPHO
accoUuMUPOBAHO C
nosgHen

AOUCKUHEe3neu
(p<0,001)

DRD3ser-ser DRD3ser-gly DRD3gly-gly
Lerer et al, 2002
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KHMHM‘-IGCKMG CUMNOTOMbBDI
CBA3bIBaHUA NCUXOTPOMNMHLIX CpeancTtTB
C Pa3HbIMU TUNAaMU pelenTopoB

Bo3gencteue

KnnHndeckne nposBreHns
Ha peLienTopbl P

D, aHTaroHnam QP PEKTUBHOCTb B OTHOLLEHUM MO3UTUBHbBIX
CUMMNTOMOB, MNOBbILLIEHNE YPOBHS MPOSiakTUHa,
SKcTpanMpamugHblie cumnTombl (AM1C)

5-HT, , aHTaroHnam AP PEKTUBHOCTL B OTHOLLEHUN HETaTUBHbIX
CUMMNTOMOB, CHMXeHne pucka IMNC

5-HT,; aHTaroHnsm AHTUOENpeccUBHAsA aKTUBHOCTb

5-HT,, aroHn3m AHTUAOENpeccnBHasa N aHKCHonmnTuyeckas
aKTUBHOCTb, yry4dlleHNe KOrHUTUBHbIX PYyHKLMN,
ocnabnexne 3lC

dyaHTaroOHn3m Fvlnepcep,au,m;l, opTOoCTaTn4yeckad rmnoToHnA

H, aHTaroHmsam [ Mnepcenaums, ysennyeHme seca

M, aHTaroHnam AHKCMonNuUTUYecknm adpekT, XONMHONMMTUYECKME
Nobo4YHble 9 dDEKTHI
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OcHoBHbIle KnnHu4yeckue acdpceKkTbl
onokagbl D15 peuentopoB

BTOpM'-IHaFI HeratTuBHaa CMMNTOMATUKA

PQ,D,VKU,MFI NPOAYKTUBHDbIX NCUXOTUYECKUX
ciMmnTomos
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Poccuuncko-lronnaHacknm npoekT
dapmakoreHeTUKa TapauBHON OANCKUHE3UU

TapouBHaa anckuHesus (TD) —
3TO OOyCcrnoBnNeHHble NPUMEeHEeHUeMmM
HenponenTU4eCcKou Tepanuven
ABUraTesibHble pacCcTponUCTBa
c yactoTtoun BcTpevyaemocTtn 20-30%
Yy NCUXNYECKU DOSIbHbIX
ANUTESIbHO NOJTy4YaroLWMX aHTUNCUXOTUKM.

Llenb: nayyntb B3anmocssaau
MeXxay nonmmopdunaMmamMmm reHoB
N YyBCTBUTEITbHOCTbHO
K pa3BUTUIO ABUraTerbHbIX PACCTPONCTB
(TapamMBHOW ONCKUHE3NN)
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daKkTopamm puUcka, npegpacnonararowmmm K passuturo T
ABJIAIOTCA NO34HUN BO3PacCT, XKEHCKUM NON U T.4.
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HacnepncrBeHHas npeapacnoynoXeHHOCTb Urpaet BaXHYH pPOJib.

o
L

TiHE

"‘lyBCTBI/ITeanOCTb K pa3BUTUO
NeKapCcTBeHHOMHAYUMPOBAHHbLIX ABUraTeJibHbIX PACCTPOUCTB
3aBUCUT OT MeTabonuama NeKapcCTB.

YPOBHA B KPOBU NCMNOJIb3yeMbIX MCUXOTPOMHbLIX nNpenapaToB.

FeHoTUNbI NekapcTBa-meTabonuanpyrowmx chepmeHtoB CYP2D6
n CYP1A2 urpatoT onpegeneHHyro posnib B Metabonuname
nekapcTB it
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Configuration of CYP
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F
1 ° Hekotopble nonumopchunsmMbsl peLenTopoB
! HenpomeouaTopoB BOBMeYeHbl B NeKapCTBEHHO-
MHOYUMpPOBaHHbIe ABUraTesribHble pacCTPOUCTRBA.
i i
{1 °* OodamuH D3, cepoTtoHuH 2A n 2C peuenTopbl G
(DRD3, HTR2A, and HTR2C reHbl, cOOTBETCTBEHHO) =
F BOBJieYeHbl B TepaneBTUYECKME N NOOOYHbIE ;‘
3dpheKTbl aHTUNCUXOTUKOB. 3?
[eHeTMYeCKMe Bapunaumm B 3TUX peuentopax MoryTt
: onpeaensaTb UHAUBMUAYaArNbHYIO YYBCTBUTENbLHOCTbL K |
TL.
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HenpoHanbHaa aereHepauusa yepes aKkTMBaLMIO
OKUCIIUTENbHOro cTpecca BbiABUraeTcs Kak oauH us
MeXaHM3MOB naTtoreHe3a TapAMBHOW OUCKUHE3UM.

FoaF S LR £

S LR AT

NeHotnnbl Mn Cynepokcunaancmyrasbl (Ala9Val)
nyTaTnoHTpaHcodepasbl P1, rmnyratmoHnepokcmgasbl v

Foa F S TR R

NO cuHTasbl (C267T) AUCKYTUPYHOTCA B 3TOM OTHOLUEHUM.

Increased Glutamatergic
Neurotransmission

roa Fo SRR £

/ A \
Long-Term Neuroleptic Apoptotic Neuronal Death
Exposure and D2 Blockade in Tardive Dyskinesia

oA Fo S LR R

roa Fo S LR £

7

Increased Free Radical Generation
and Oxidative Stress

oA F S LR £

FArn P SR R

o R i e N e T o ] e e e T T o ol A SN A e SR A A e SR i

S

T D B L e DL S e R T L SR T F e DA T LA S A T TR T

Ty IETIA

Ty T



ITETLILES

Zxiay

ITETLILES

Kputepuu Bknro4veHus:

AwuarHosbl wnsodpernsa (ICD-10: F20) nnu (o3 &
Lwn3oTnnuyeckoe paccrporctseo (ICD-10: F21), BN

EBponeounaHas paca,

KnuHn4yeckoe oTCcyTCTBME OpPraHNYEcKnX Unm
HEBPOOrMYeCcKMX paccTpomncTB U CUHOPOMOB
3aBUCUMOCTWU,

TapanBHasa oUCcKnHe3us oueHuBanach Mo LiKane:

« Abnormal Involuntary Movement Scale (AIMS)
(American Psychiatric Association.Task force on
tardive dyskinesia 1992; Gardos et al., 1977).
OueHunBanacso orofaciolingual dyskinesia (TDof) —
wkanol 1- 4 n limb-truncal dyskinesia (TDIt) —
LKanbl 5-7.

Cymma bannoB onpepgernsna CTeneHb BblIPaXXeHHOCTU
TapAWBHOW ONCKNHE3NU
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TR 151

(Sadimod Adaptation)

ABNORMAL INVOLUNTARY MOVEMENT SCALE (AIMS)

Patient: Date:

Frpa ot R LR

less than those observed spontaneously

Instructions: Gomplete examination procedure before making ratings. When rating movements, rate
highest severity cbserved. For the definity AIMS score rate movements that occur upon activation cne

0: {none}

The described movements are not present,
Severity scores 1: {minimal}

May be extreme nommal
2: {mildy

3 {moderate)

4: {severs)

The described movements are intermittently present.

The described movements are continuously present

The described movemnants are present during more then half of the time,

Frpa ot R LR

| Active | Passive | AIMS

Facial and Oral Movements

1. Face (mimic muscles)

Involuntary mevemants (myoclonias or tics or jerks, also athetotic movements) of
the forehead (frowning), eysbrows {pulling up, frowning), eyelids {(winking,
blinking}, cheeks (smile, grimaca), corner of mouth or the platysma.

Frpa ot LR

2. Lips and around the mouth

Pointing the lips, biting the lips or murmur, smacking- or sucking movements.

3. Jaw

Frpa ot R LR

Biting-, chewing-, grinding- and crunching movements, repetitive opening and
clesing of the mouth, lateral movements and
other inveluntary movements in the temporomandibular joint.

4, Tongue

Licking movements, repetitive sticking out of the tongue (flycatcher tangue’),
worm-like irregular movements of the tongue, curling of the tongue, incapable of
sticking out one's tongue and holding it in that position, bulging of the cheek and
the lips with the tengue (bonben mouth'). Do not exclusively score movements
during the tongue tasks.

Frpa ot R LR
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Extremity and Trunk Movements

5. Upper extremities (arms, wrists, hands and fingers)

Frpa ot R LR

Repetitive bending, stretching, spreading and closing or rubbing of the fingers,
as well as choraatic movements (mestly distal, quick and abrupt, irregular,
spontaneous, jerking movements), semetimes ballistic (mostly proximal, fast and
explesive, irregular, spentaneous, swaying movemeants), sometimes myoclonic
{fast and abrupt, oftan repetitive, spontanaous muscle- or muscle group
contractions) and also distal athetotic movements (continuous, slow and tonic,
snakelike wave-movements, that merge into one another smoothly).

Frpa ot R LR

Frpa ot R LR
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6. Lower extremities (legs, knees, ankles and toes)

Repetitive bending, stretching, spreading and closing or rubbing of the toes, as
well as choreatic movements, sometimes ballistic, sometimes myoclonic and
also distal athetotic movements, for instance lateral movement of the knees, the
canting, turning and stretching of the foot, making tapping movements on the
ground with the front part of the foot or the heel. Can be indistinguishable from
akathisia or tremor.

7. Torso (neck, shoulders, hips)

Disturbed posture and gait with swinging and/or jerking and/or twisting and/or
swaying movements of the torso, pulling one's shoulders, rotating hip
movements and canting the pelvis, contracting the nates/thighs. Also head and
neck dyskinesias should be assessed at this place.

Total score

Global impression

On scoring this sub-item the assessor takes all the information he/she has
available as well as all clinical experience into account and expresses the
severity of the dyskinesia in a number. When the observed hyperkinetic
movements are no true dyskinesias in the opinion of the assessor, he/she should
score '1' or '0".

The presence or absence of dyskinesia was
measured with the abnormal involuntary
movement scale (AIMS). We only considered

atients who were not on clozapine treatment
clozapine suppresses TD).

The AIMS scores were transformed into a
binary form (presence or absence of
dyskinesia) using Schooler and Kane’s criteria.
Orofacial (AIMS items 1-4), limb-truncal (AIMS
items 5-7) and ‘anywhere’ dyskinesia (AIMS 1-7)
were dealt with separately.

The sum of the first four items was used as
a fproxy for the severity of TDof, while the sum
of items 5 thru 7 was used as a proxy for the
severity of TDIt.
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4 ;:
: Ademorpadmyeckan u KnMHUYeckasi xapakTtepucTmka
i uccrieayemMbix nauMeHToB :
e ‘
] All (146) Male (91) Female (55)
i I
F Age 46.8+17.6 45.4116.8 49.2118.9
: Daily dose of antipsychotics 971.81894.3 962.81+827.0 986.611003.6
; Subjects using atypical ;
antipsychotics, % (n) 34.9 (51) 37.4 (34) 30.9 (17) ;
i : : : : o
i Sub]ecfs using anticholinergics, % 72.6 (106) 78.0 (71) 63.6 (35) :
i (n) ;
% Daily dose of antlf:hollnerglcs 5.643.9 5.544.0 5.843.6 i
: among users f
fy Orofaciolingual AIMS-score (TDof) | 2.3:2.3 2.5+2.3 2.142.1 ;
r ;:
] Limb-truncal AIMS-score (TDIt) 1.2+1.9 1.3+2.0 1.0£1.7
i 2
i | Total AIMS-score 3.543.7 3.743.8 3.043.4 ;
Subjects with 2 2 points on any of 8
: AIMS items 1-4, % (n) 23.3 (34) 28.6 (26) 14.5 (8)
B Subjects with 2 2 points on any of i
AIMS items 5-7, % (n) 11.0 (16) 12.1 (11) 9.1 (5) a
H Subjects with = 2 points on any of
: AIMS items 1-7, % (n) 29.5 (43) 35.2 (32) 20.0 (11) -
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DNA extraction and fluorogenic 5’-exonuclease TagMan genotyping
assays (PCR-RealTime System, Applied Biosystem) were
conducted according to standard protocols and blind to the clinical
status of the subjects.

Polymorphisms:
DRD3 (Ser9Gly), HTR2A (-1438G>A) , HTR2C (Cys23Ser)
GSTP1 (lle105Val), SOD2 (Ala9Val), and GPX1 (Pro197Leu) ,

P450 CYP 1A2*F (A163C), CYP 2D6 *3, CYP 2D64, CYP 2D6*6

Departure from the Hardy-Weinberg Equilibrium was calculated for
all polymorphisms except for the X—chromosomal Cys23Ser SNP.

To reduce the number of classes studied, we chose to
underestimate the effects of the polymorphisms

by classifying the subjects as carriers or
non-carriers of the minor allele.
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Allelic Discrimination

Allele Y (FAM universeel)

1.800 2.000

Allele X (VIC universeel)
[@]Alele x [®]alele ¥ [ ]Eoth [@]nTC [3]Undetermined

tarker FARMACOGEMNETICA Wilell(s): A1-H12
Docurment: Read_HTR2C_C235_310108.sds (Allelic Discrimination)
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I'pynna
=  _ _— | S Tpynna Ipynna pynna nabnaenma F'pymna F'pymna F'pymna

- - KOHTROAA nabnwaenma CRABHEHHA
pynna Tpynna Mpynna KOHTpOMA  HABNIoAeHWA  CREBHEHWA

KOHTpOMA HabniogeHuA Cp3BHeHWA

AA% ®AC% ®CC % L5 TIE AA % mA/del (%) mdelidel (%)

PacnpeneneHue reHotunoB (1) n PacnpeneneHue reHotunoB (1) n annenen (2)
annenen (2) CYP 1A2*F B rpynnax (* - CYP 2D6*3 B rpynnax (* - p<0,05)
p<0,05)

A% mdel (%)

1

mEN Sem e

273
443 a1,7

*

*

66,7

50

. P s IT'pynna IT'pynna
Fpynna Tpynna Fpynna nabawoae A CpaBHEHRA
KOHTPOAA  HabAASHMA  CpasHeHmA Tpymna Tpymna Tpymna
EOHTROARA nabnnAennA  CpacHenMA

I'pynna I'pynna I'pynna A (,‘V G 9"
EOHTROAS nabnaenma CRaBHEHHA AA(%) GA(%) ] GG(%) ( 0) ( 0)

GG (%) =GA (%) WAA (%) G (%) =A (%)

PacnpepeneHue reHotunos (1) u anneneu PacnpepeneHue reHotunos (1) u anneneu
(2) CYP 2D6*4 B rpynnax (2) GST P1 B rpynnax (* - p<0,05)
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0,49

Allele C CYP  Allele del CYP Allele G GST p1
1A2"F 2D6*3

* obbs ratio

BnuaHne annenbHbiX BapuaHTOB reHOB CUCTEMbI LIUTOXPOMOB
N rnyTaTUOHTpaHcdepasbl (pepmeHTa BTOpon drasbl -
MeTabonmama KCeHOObMOTUKOB) HA PUCK Pa3BUTUA TapaNBHOM
OVNCKNHE3NN Y BorbHbIX Wn3odperHnen (Cl195%)
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BbisiBrieHbl accouuauuu nonumopduiamoB reHoB aocammHoBoro peuentopa DRD3 u
H cepoToHuHoBoro peuentopa HTR2C ¢ puckom pasButua numMOTpaHKarnbHOM

i OUCKNHE3UN.

: B otnuuue ot TDof, TDIt nposiBuna accounauumto ¢ Ser9Gly n Cys23Ser

4 nonumopdunsmamum (9Gly-annenb aBnsaeTcs npeancrnoHUpyrowmm n 23Ser-annenb —
i NPOTEKTUBHbIM B OTHOLLUEHUU BbICOKON BbipaxeHHocTu TDIt).

4 [Moaenu | Fenetnueckn 5 LOG-

e Bapuauuu [iByxcocTtaBHOM HopmanbHas | Jloructnyeckas

: MoaenbHbIW aHanu3 (TPM) pezfﬁcléguﬂ perpeccus (LR)

F YacTb 1 YacTtb 2

i) OR P B P B P OR

) opodaumonuHreanbHaa auckuHesus (AIMS 1-4)

i 9Gly-allele 2.08 0.084 |- - 118 | 0.143

2.42
1.27

0.037* | - - 1.24 0.065
0.635 | 1. - -
23Ser-allele 0.19 0.034* | 1. - -
-1438A-allele | 1.82 0.156 | - - 1.21 0.103
23Ser-allele - - - - - -

numbTpaHkanbHaa auckuHesunsa (AIMS 5-7)
2.58 0.007* | 1.38 | 0.019* 1.41 | 0.001*

-1438A-allele
9Gly-allele

Fy S HLTLEE RS

Fy - HLTLEE RS

9Gly-allele
-1438A-allele | - - - - - -

Fy S HLTLEE RS

3.95 0.001* 1.40

0.75

0.001*
0.031*

9Gly-allele 1.33 | 0.035*
23Ser-allele 0.72 | 0.053*
-1438A-allele - -
23Ser-allele 0.0341*

Fy S HLTLEE RS

e TR R TR TS R TR T L TR T R N TR T R TR T R TR T TR TS SR TR
¥ 1 R PR TR 1 RS PR TR 1 R PR TR 1 RS PR TR 1 RS PR TR 1 RS PRI 1 RS PR TR 1 RS PR TR =

ik EERAos

f
|
f
f
f
3
|
|
f
|
f
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105Val-allele of lle105Val (GSTP1) moxeT ObITb accoummnpoBaHa C
HU3KUM pUCKoM U TskecTbtlo TDof u TDIt

BbisiBneHa accouunaumua mexay Ala9Val nonumopdunamom SOD2 un
TDof, Ho He TDIt.

T ——_—— ——_—— T
I e e T o R N T o K T

T o G iy

DETERMINANT

TEM PAET 1

TPM PART 2

Crrafaciolingual dyvskinesia (AIME 1-4)

Imtercept

GETPL {105 He £ 105 Vial)
GETPL (105 Val £ 105 Val)
MnSOD (YAla £ 9%al)

MnSO0D (9l £ 9V

GPX ] (197 Pro 7 197 Lew)

GPX1 (197 Law & 197 Len)

Age

Ciender

Psychiatric climic

Use of anticholinergics

Draily exposure to antipsychotics
Limb-rruncal dvskinesia (AIME 5-7)
Imtercept

GETPL {105 0e £ 105 Val)
GSTP (hosVal £ JO05Val)
MnSOD (YAla £ 9lal)

MnSOD (840 5 9l

GPX1 (197 Pro /197 Leu)

GPX1 (197 Law & 197 Leni)

Age

Crender

Psychiatric climic

Use of anticholinergics

Draily exposure to antips ychotics

303 .15
N
021

1.1

(.33

000 27 w10~

Nore: significanoe codes have been assigned in the following manner; p-valwe < Q00001 **

p-value < (L0g ="
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Tardive dyskinesia and DRD3, HTR2A and HTR2C gene polymorphisms in Russian
psychiatric inpatients from Siberia
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ARTICLE INFO ABSTRACT

Arce Ny Borkgroesnd: Pharmacogenetis of tandive dyskinesia and dopamine D { DRD3), serotomin 24 (HTREA), and

Bacedad | Mow abe 2008 3¢ [ HTREC ) receptors has been ecamined in various popilations, but not in Russins

E::;ﬁyﬁ';:;l“ﬂﬂ e Purpose: To investigase the 2o ocasion between orofaciolingual (TDof) and lmb-truncal dysknesis (TDl)
- and SeraCly (DEDG), -14380-A [HTR2A), and Cyl3%er [HIREC) polymorphisms in Russian perychiatric

Hwalabie caline 24 Jamsay 09 pisonts tham ek, Steris 2

fr— Mdethods: In total, 146 subijects were induded Stancasd protocols wess apphied for genotyping. Thof and TDIt

DEm were assecoed with ABME iems 1=4 and 57, respectively. Two-part model, logistc and log-nommal

Exmmppramidal sysdmenes mgression analysss were appliad 1o assess d ifferent variables (2.g, alkde carmiership stus, age, gander and

HTRZA medication use ).

HTRIC Rt TOM, but ot Thof, exhibited an associafion with Serdtly and Cy<ri%er [with 2y and 2% dleles

FrATLAT R echibiting opposite effects). However, - 143804 was not associsted with Thof and Dt

Tandie: dyiidsia Cim chesioms: This s the first pharmacogenstic report on tardive dyskinesia in Russians. Subject 1o further

mplicaton, cur findings extend and suppant the availible daw.

& 2009 Elsevier Inc. All rights reserved.

L Introductisnm Phenotypically, TD can be dissectsd into o disting sulsyn-
dromes; oralacialingual {TDaf) 2and Emb-truncal dyskinesis (TDR)L

HUMAN PEYCHOPHARMADOL OGY

Hum. Pryehopharmacal Cln Exp 20010; 25 8491
Paublhed anline in Wiky ImerScence
(wwwinlerscience. wiley.oom) IMM: 101002 up 1087

Missense polymorphisms in three oxidative-stress enzymes (GSTP1,
S0OD2, and GPX1) and dyskinesias in Russian psychiatric inpatients
from Siberia

AE Y. Al dehﬂjy]“""’" 5. A Ivanovi®, P. E’uhlwmuﬁlw B. Wilffer, A. Semke®*, O, Fedarenka®,
E. Kometova®, L. R}'.d.duv.ayd L R.B. I Browwers and A. 1. M. Loon

! Erammus University Medical Center, Hospital Pharmacy, Rog@endam, the Netherlands

zﬂzpnnmmtof.ﬂu apy and Pl dcal Care, University of Groningen, Groningen, the Netherlands
sznnmrntaf}"s;rhmry, Umiversity Medical Center Groningen, Grmingen, the Nesheriands

A Mental Health Research lny.lhn( Tomusk, Russian Federation

A Department af Fha ud. [ogy and Pl &

GGE Weesrelilk Noond. B.rabm: Brrgm ap Zooem, the Nesherdands

University af Groningen, Groningen, $he Netherdands

Newoml degeneratiom due 1o axidative sess ((05) hus been proposed 2s 2 mechanism for tardive dyskimesiz (TD) pathogenesis. Cellular
defense mechaisms against 05 may mvalve detoxlicaion enzymes (e.5., ghitthione peroxiduse- 1, GPX1; superoxide dismutase-2, $07T12
[z commaonly known as MoSOD]; and gluiathione 5-imans ferase P1, G5TP1). Sevenl plammacogenetc siudies have exammed TD and 05
in different ethmic groups, bul nol m Russnns. Here we repart the association beiween arofacolingual (TDof) and limb-truncal dyskanesns
(T and pal ymorphisms of GETP] (Ne105Val), Mo SO0 {Al-9Val), and GPX 1 (Pra197Leu) genes in 146 Russian inputients from Siheriz.
We agplied AIMS mstrument to rate dyskimesizs. Two-part madel analyses, logstc and mulivarn st permetnic regressions were ayplied o
assess the effects of different varishles (e.g., genatype, age, gender, and medication use). Our analyses do net suggest that Prol97Len (GPX1)
s associaied with TD. However, our amalyses suggesiihat the 105Vakallele of Nel05Yal (GSTP) may be associated with 2 kwer riskand a
severity af TDof and TDltand that Te105Val pharmaco genefics may be different in Slvemic Cancasians from thet in American Cancasians.
Farthermere, we find evidence for an sssocnion between Ala-9Wal (MnS0D) and TDof, bul not TDIL Subject to further replicafion, our
fincings extend ihe avadlable knowledge on the plarmacogenetics of TD and oxidetive siress. Copyright 0 2009 John Wilky & Sons, Lid.

KR WO — rdive dyskinesix; pharmacogenetics; oxidative stess; GSTPL; SODZ; MoS00; GPX1

INTRODUCTION Oidative  stress has  been implicated in  the
pathogenesis of divemse psychiatric disorders, includ-
Free radicals are highly reactive oxidative species  ing schizophrenia (Ng et al., 2008). A recent literature

Tardive dyskinesia (TD)is ap y irreversible antip
indueed movement disarder with a prevalence of about 20-30% in
Py chistric patients ehranically exposed 1o antipsychoties Older age.
Temale gender, race, and Bmily history are several risk faciors for the
develapment af TD (Glaeer, 2000; Kaneetal, 1988, Muller et 2l 2001,
Rosenganen et sl 1994; Waonaodi et al, 2004).

Abbrevi sonas ARG, Abndemal Ievolunt ay Mowsmens Scae: (PIE], chlorpaoma-

et aquavalenn; IRD 1 Dopamdae Dy HTRA, Sercmoada 2, peoipiod, HTRIC, Serctonia
esional Clnsificasion of

2, recepane; HWE, Hardy- Wasnborg Ejuilleiuss; N0D- 10, b
D10 MD-1 0} INK, ing- el s i LR, Mogiatic o g ssine n, mussher

probsabdiny; TD, Gantive dysirinesia ; TD, orofaciolisgual dySrisesia; TDIS s orusci
dyﬂm:ﬁa Thisues, oeofachlingsal and) o leb.oruncal dysiémeiia; TPM, two-pa

. mm autar Usiwsiy of Guainges (ReG), Pramacshey ad
Praesaeeicd G, Aswosiu Deslaglaes | 9711 AV Grosinges, The Medwrland.
Tel: 43150 363 T2 61, 431 615452345 (GR); fan: 431 03D T .

Bl adies. a £yl el ol (AEY N Hadinly ).

O73-5845/8 - sire front mmame © 2008 Elever b NI St mesnd.
i IO, | pepbe 000 LI

Thofinvalves movements of meuth and face musel es and may i mpair
eating and swallowing, wheness TDlt invalves purpaseles s chareiform
mavements of trunk and or limbs and may eaise gait disturbances
and falls.

Aceimul ating evi denes suggest that Thal and TDU are two disfina
climical entities with different climcal leatres, d Berent risk [adors,
different prognasi, and probably even different genetic ability
{Cureje, 1988, 1989, Inadaet ol 1990; Paukenet al, 1995, Waddingtan
etal 1987 Willlert et al_inprass).

Dapamine Dy, seratonin 2, and Z- receptors {enmded by DRD3,
HTR2A, and HTR2C genes, respectively ) are invalved at laxst parsially,
i the therspeutic and sdverse effeas of antipsychotics and genetic
variations inthese receptors may affea the individual sensitivity 9 TD
{Reynalds 3004). Several studies suggest, far example, that Ser9Gly
palymarphism of DROB gene may be asocisted with TD in humans
{ Bakker et al, 2006, Lerer et sl 2005, Willlertet sl inpress ) and even
i nan-humen primates (Wergs et sl 2003). Furthemmone, seusm-
lating evidence suggests that NTR2A and HTR2C genes may be

(ROS) in biological systems. When controlled, their
production iz important for cells, since it allows for the:
extmction of usable energy for metabolism and ads in
dismantling macromolecules {e.g., proteins and lipids)
into their more basic companents (Lohr o al., 2003).
However, when uncontrolled, their overproduction
(oxidative stress) may cause cell damage and death
through lipid peroxidation cascade; a chain reaction
where ermnt ROS react with pol yunsaturted fatty
acids and compromise cell membrane structures,

* Coqmespoadece w A K 'l’ N Ha‘.hr.h}. Emsmus Univesity M.en:h:a]
Cenrer, Hospaal Fharmacy Box W0, 3000 A Romerdam,
Mededinds Tel: 431 10 .".Q‘QQLQ Fax: 431 10 70 24 00

E-mrail: o oty @ e wsene sl

Copyrigh © 3009 Jobm Wilsy & Soma, Lad

review (Mg et al, 2008) suggests that the evidence
behind oxidative stress mechanisms in schizophrenia
can be grouped into three categories: first, those studies
that illustrate disturbed oxidative homeostasis (e.g.,
evidence for glutathione depletion and lipid peroxi-
dation); second, those demonstrating  antionidant
mechanizms of mtipsychotic drugs (e.g., a differential
impact on oxidative stress status may exist between
typical and atypical antipsychotic medications and
higher levels of lipid peroxidation products have been
reported in patients treated with typical than atypical
drugs); third, those showing benefits from antioxidant
therapies fe.g., supplementation studies with vitamins
C and E, and N-acetyleysteine). Furthermore, evidence
from genetic studies support the involvement of
oxidative-stress disturbances in the schizophrenia

Recelved 22 Chraer T8
Aceeprid 4 November 5009
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PapmMakoreHOTUMNbI U NIeKapCTBEHHO-UHAYLUNPOBaHHbIE
ABUratenbHble paccTpoucTtsa (YacTtb ll)

[TpoBeaneHo obcrneagoBaHue 431 nauneHToB, CTpaaaoLLmnX
LLUN30PpEHNEN N NONYyHaOLWKUX ONTUTENBHYIO
AHTUMCUXOTUYECKYIO Tepanuio N NPOXoaAnBLLNX KypC
Tepanuu B crieQyoLwmnx LeHTpax:

HANM3 CO PAMH,;

KeMepoBCKOU KNMUHNYECKON NcuxmaTpnuyeckon 0onbHULE;

YnTnHCKOW rocygapcTtBeHHOU MeanLMHCKOW akageMumn

n 143 naymneHTa c aKkcTpanupamMmmgHbiMun gBUraTenbHbIMU
paccTtpouctBamu (M3 HUX 101 naymeHT ¢ BoNe3HbIO
[TapKnHCOHA) — Kadbeapa HEBPOMNOrMN N HEUPOXNPYPIUK
Cubunpckoro rocygapCTtBeHHOro MeauLmMHCKOro
yHuBepcuteTa (Tomck).
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TeopeTu4vyeckue npennochbISiKn

bonesHb [[aHTUHITOHA
Huntingtin abnormality
Damage of indirect pathway
Neurotoxicity of MSN

Variants of NMDA receptor
correlate with age of onset
* (GRIN2A - receptor protein)

MoxkeT ObITb OOBACHEHO
yBeNMYEeHNEM
4YyBCTBUTESIbHOCTU K
9KCAUTOTOKCUYHOCTMU

Projecting

DARPP- DARPP-
neurons
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* BbigeneHne HK n reHoTunmnpoBaHmne no
TexHosiorum Veracode (ILLUMINA) 6binn
npoBeAeHbl Mo CTaHAAPTHbLIM NMPOTOKONAaM.

48 tagging SNPs B 8 reHax 6bIrin U3y4YeHbl:
-15 GRIN2A w9 GRINZ2B
-10 DRD3, 8 HTR2C, DRD4, 3 HSPG2,

- MnSOD, NQO1

» [laHHbIE ObINN CTAaTUCTUYECKN
npoaHannanpoBaHbl HE3aBUCMMO ABYMS
bunoctatuctmkamm (Petros Pechlivanoglou and
Maxim Freidin).
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Pe3ynbTaThl
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Number of patients
(prevalence, %)

No TD

Yes TD

OR [95% Cl]

P-value

LID
rs11646587
(GRIN2A)

T EE s

rs7192557
(GRIN2A)

E T EE ]

rs8057394
(GRIN2A)

T EE ]

Log-additive
Dominant

Log-additive
Dominant

Log-additive
Dominant

G/G
A/G-A/A

G/G
A/G-A/A

C/C
C/G-G/G

26 (40.6)
38 (59.4)
43 (67.2)
21 (32.8)
37 (57.8)
27 (42.2)

0.48 [0.24-0.95]
0.40 [0.17-0.94]

2.54 [1.21-5.33]
3.21 [1.37-7.51]

2.15[1.18-3.92]
3.59 [1.48-8.71]

0.02860
0.03259

0.011204
0.006214

0.010573
0.003285

TD
rs2192970
(GRIN2B)

T EE ]

rs1345423
(GRIN2A)

E T K]

Log-additive
Overdominant

Log-additive
Recessive

G/G-A/A

205 (75.3)
74 (24.7)

255 (84.2)
48 (15.8)

71 (59.7)
48 (40.3)

111 (91.7
10 (8.3)

1.59 [1.05-2.41]
1.93 [1.22-3.06]

0.65 [0.46-0.90]
0.42 [0.20-0.89]

0.029951
0.005411

0.009077
0.015210

T EE ]

|
o

v

oL ]

LT e e
e e o et ety ety e o et

T ) DA Pl S e 1 e

FoHHES LG et R e S A P LM D
.-4-_',:-.-,--.1 e w0 Pl 2 7 et ot
T G g st g Gl g bt H O T

T e b o e L b ot Ko L b o KT L b ol R T L b o R T L b oo R T b oo R T L b oo R T L b oo R T b oo R N ey



‘l‘-"—i
s

EEERITLTE

‘l‘-"—*
s

R T T T S S L L L

]
+

7

P EE AT e BT

15

:*j'_"’

EEERA

LEErDR o H e R ER IR LY

&
% |
i)

NCUXNYECKUMU U HEBPONOrMYeCKUMM paccTpoMcTBaMu, KOTOpble CBA3aHbl C HapyLIEeHUSMU B
(pyHKUMOHUpPOBaHUN 3KcTpanupamugHbix nyted wu NMDA peuenTopHO-MHAYLMPOBaAHHOWM
3KCAaUTOTOKCUYHOCTM!.

peuenTopoB € rneBoAona-MHAYUMPOBAHHbLIMU [AUCKUHE3UAMM Npu O6one3Hu [MapkMHCOHa ]
TapAUBHOW AUCKUHE3UEN y 60MnbHbIX WKn3odpeHnen Ha poHe aHTUNCUXOTUYECKON Tepanuu.

A e L e B T e e B L e B L B T e R B e e B e e e L e B T e e B L e e A e I S e

BbisBNneHbl OCOOGEHHOCTM MEeXaHUW3MOB BO3HMKHOBEHUS OUCKUHE3uWn Yy GONnbHbLIX C

NMoka3saHbl accouuaumnm reHeTundyeckunx nonumopcdunsmos cyobveanHuy GRIN2A NMDA-

Pe3synbTaTtbl MOryT CnyXuUTb OCHOBOM AJisl pa3pabOTKU TeXHONIOrMM NPOrHO3MPOBAHUA pPUCKa
pa3BMTUA OUCKUHE3NN B paMKaX KOHLEeNu1Mu nepcoHanM3MpoBaHHON Tepanuu.

Cxema HeMpoOTpaHCMUCCUMN MO NPAMOMY
nyTtu (cnpaBa) U HenpsiMOoMy nyTu (creBa)
medium spiny HenpoHoB ( MSN)

CxeMbl hyHKLUMOHUpPOBaAHUS
NPSIMOro U HeNnpPsAAMOro NyTu
3KCTpanupaMmmaHoro Kpyra

—— Glutamate
— GABA
— D

o< Acetylcholine

Ivanova S.A., Loonen A.J. M., Pechlivanoglou P., Freidin M.B., Al Hadithy A.F.Y., Rudikov E.V., Zhukova I.A.,
Govorin N.V., Sorokina V.A., Fedorenko O.Y., Alifirova V.M., Semke A.V., Brouwers J.R.B.J. and Wilffert B.

NMDA receptor genotypes associated with the vulnerability to develop dyskinesia // Translational Psychiatry. —
2012. — No2(e67). (www.nature.com/tp)

Anton J. M. Loonen, and Svetlana A. Ivanova New insights into the mechanism of drug-induced dyskinesia //

CNS Spectrums — 2013 — Volume 18 — Issue 01 — pp 15-20

.3

¥ R T e I R R S P e N T R T N B R R e T R e B T U TR TR



J,E'-'F'-".r!:r..".- L e B D e e e e B e L B e B L e B e B L e e B L e AT et s ol E A -T“i-‘iﬂ'-."-'r"-'.r!n'.:"_'i-
5 Y4yacTHUKU uccrnenoBaHusa
i no TapanBHoOnN AUCKUHE3NUn
1 Mental Health Research Institute (Tomsk). @]
24  S.Ivanova, A. Semke, O Fedorenko, E.Kornetova, L.Ryadovaya, E. Rudikov 2
| Siberian State Medical University (Tomsk): e o )
@l Irina A. Zhukova, Valentina M. Alifirova Ldiriesiand i
1  Research Institute for Medical Genetics (Tomsk): B &4 B i
24  Maxim Freidin — 4 4 E
| Chita State Medical Academy, (Chita): i
2l Nikolay Govorin i
= Kemerovo Regional Clinical Psychiatric Hospital (Kemerovo): y
] Veronika Sorokina, i
-\ The Netherlands : :
&l AJM Loonen. AFY Al Hadithy, :
i P Pechlivanoglou, i
i .éR\I?\;J_”I?rouwers, B
2 . Wiltfert, - i
&4 R Bruggeman, Groningen :
#4 - Pharmacotherapy and Pharmaceutical Care, GUIDE, University of (Genomics i
@] Groningen, Groningen, the Netherlands (NL) B
21 - Clinical Pharmacy and Pharmacology, Zorggroep Noorderbreedte Centre i
ﬁ and De Tjongerschans, Leeuwarden, NL :
i - Department of Clinical Pharmacology, University Medical Center i
il Groningen, Groningen, NL 3
I - Department of Psychiatry, University Medical Center Groningen, &
¥  Groningen, NL :
i - Groningen Research Institute of Pharmacy (GRIP), University of i
] Groningen, Groningen, NL; e

ax
4



bnaropapto

3a BHUMaHue!




