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positions may change DAT and o-synuclein complex formation. MAP is taken into
cytosol by DAT on the synaptic terminals of DA peurons, and endogenous DA is
concurrently released through the transporter by carrier exchange mechanisms.

o-Synuclein forms functional protein—protein complexes, thereby modifying
dopaminergic pevrotransmission.* Qverexpression of a-synuclein in mice increased
the density of the DAT.1? Mutation of the o-~synuclein gene may affect complex for-
mation with DAT, modulating dopaminergic neurotransmission. Modulated expres-
sion from the mutated o-synuclein gene may then alter the development of MAP
psychosis/dependence.

As a second possibility, the SNPs or relating linkage disequilibrium positions
may change the transcriptional expression level. Several positron emission tomog-
raphy studies found that DAT in the caudate/putamen of MAP abusers was signifi-
cantly reduced.’®? Some patients showed a lasting reduction of DAT for several
muonths after detoxication. Sekine and colleagues also showed reduction of DAT in
the caudate/putamen, and also in the nucleus accumbens and prefrontal cortex of
MAP dependents.'® Elevated DA concentration in the synaptic clefis is removed
rapidly by renptake through DAT. Reduced DAT density in MAP dependence may
delay DA clearance and contribute to the persistence of a hyperdopaminergic state.
Cocaine potentiates dopaminergic neurotransmission in a different way from MAP,
binding to the DAT, blocking neurotransmitter uptake, and giving rise to marked
elevations in synaptic DA. It has been reported that chronic cocaine abuse increases
a-synuclejn levels in midbrain DA nevrons.!® o-Synuclein levels in the DA cell
groups of the substantia nigra/ventral tegmental complex were elevated threefold in
chronic cocaine wsers compared with normal age-matched subjects, These results
suggest that overexpression of o-sysuclein may occur as a protective response to
changes in DA turnover. Since the three SNPs were in intron 1, it is possible that
these variants contribute to changes in expression of the o-synuclein gene,

In conclusion, our findings suggest a weak association of the o-synuclein gene
with MAP psychosis/dependence in our female samples. Further work is necessary
to clarify the gender difference, using a larger sample size and/or different ethnic
groups of MAP psychotic/dependent subjects as well as functional variations in the
o.-synuclein gene.
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Genes and behaviors: Emotional behaviors in mutant mice”

Kazutaka IKEDA?, Yukio TAKAMATSU
Department of Molecular Psychiatry, Tokyo Institute of Psychiatry
2 - 1- 8 Kamikitazawa, Setagaya-ku, Tokyo, 156-8585 Japan

Genes as well as environment affect our behaviors. Recent progress in genome science has provided a number of
useful tools for revealing the relatlonshlp between genes and behaviors. Especially, a variety of gene-altered ani-
mals have contributed to our better understanding of the genetic mechanisms undertying behaviors. In this review
article, 3 examples mainly found in our studies are introduced as follows: 1) attention deficit hyperactive disorder
(ADHD) and the dopamine transporter (DAT) gene, 2) pleasure and the DAT and p-opioid receptor (MOR) genes,
3) analgesta and the MOR and G protein-activated inwardly rectifying potassium (GIRK) channel genes. These exam-
ples suggest that behavioral analyses would be the key steps in revealing the relationship between genes and mind.
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THRE £43%, £28, 004%

A (reverse genetics) &£ SN AR H AL L
T&7: (Wh-ANR, 2001). o3 Y, BEFIZAT
 RREREMA TEEOTE LML 2 LT,
BEFLTB L OBMREHS ST 2 FETH 5.

1-2. BEFEREM)
BIEFERBMIZVAVA L HEIL L - THS
NTW5 (Figure 1), BIZFIIERLRL & 52
BRERBECS—EDHETERLEST, 23
REZBEVEL TV AT THRICERERRY
PEENTL S, ERHERERTYARTER,
T3 L7 — (narcolepsy) #HE I TR D R
&, B OERERBMARFIB L S ATV S,
FHPHAR L LWL o TERERE L BIEETSH
REXBILLTEL, I, HEORBRIEER
DERIZLY, HROBETERLOBETAI
HMAnAL & ENFTRIC R o 7. M BBET 224
OEACEATEE, 2ONEBETFIESED

BIEFOBEL LB VS ACANRAL., 2

DAY A ATENRBIET 23O MIa ASHE REME T
ST NIL, b ERTRICL - THRBETFLF
RICER B2 L0°TE 2, BERIERM Iz AT
HEATBY, LEBEOEECIS v AV2oy
7 <7 A (transgenic mouse) ¥ELNEL. ZDK
BiLY, BEoBETHa— FT2EHE 4
BFATBRICEREELIENTED, Riz, /
v 7T b¥ A (knockout mouse) i, BRMEEN
fo (AR R & COMBLICAH LT 52 L4 TE B
BEFERBYOES

C@ﬁw%&%ﬁivryx

ABBLRETF BEZRIILLNT, BEFISRAEREEILETYZ,
2. ERERIEIERTRYY
mw«bmmﬂf:&o'r‘:‘31&?!:%#&&&%&:3-&?:?'71.
3. FIURUr b2 o R (AR METEA)
FEEREFERBETIL S LITHAL, EORGEFHI~RT 2o R E
AWITRRSERTIR,
4, JuIPHRT IR
HEORGFORALTAT, TOREFOMETRBRETYR,
5. SubqLThR
AEEBINGARL L ERIEBTORETIZWAL, FRzTEBAEDR
EFIHFRIITYR,

6. LRI/ oHT IR
EORBIHTSHEOWH, HEVG. BRORORBIEOTEZRET

ERAS Y RMILLTIR,
7. RR&MIIAT IR
\nfﬁm&.&w&smu. REOIMAGRIEE R ASLLTIR,

Figure 1. A variety of mutant animals

HRi) OBUREM OEE L, WRMAMRE (N
EEIE DD 2KDDNAKH B &, BWIEEETIZ
BEVEFD2EDDNAFBERDZ I LS D)
CVIRRTRALT, BEDBRETF2REASY
ZRTATHL, EHIBEETHE, 0L HE
¥ICHLT, REOREFORFIZ2RELTL%
AEREDBETIEERI oA (Vv slr=
7 Z . knockin mouse) %, BRfRUEEAGDH B VIET
MERMICBETF 2 RE S ) KBS LKH
RE v 279 Vv, HEOBEEOMBEL
BBRE LT AL EOERHTEEICR T3,
IDED %, RERCEATRFEEICLL5 4
LIBETERE, FSUYAVzzvreu R,
SPITINTIR, I AT I R, RBRE
S ITYRRIREAVE LT, BIETLTE
EOBBT LD FEMICHLPICTES, BTIZ,
BEFUEBYOTHRITIIONT, EHLOH
Fepiciid s,

%22 : ADHD & DATIBET

2-T.ADHD & F—=IS3 L2 X F L

ERRMELZEITERES (ADHD: Attention Deficit
Hyperactive Disorder) i, BED3 ~5%TES
., FERAREOMER ETEEER ShTwa,
BIZERPSH D LITEENTWAL, BIES
REBREFRIEESNTVRY, £ DETLE
BEMONTEY, FORPTF—NIV bS5 aH
— %~ (DAT: dopamine transporter) B{EF4i
(KO} =7 A (Giros et al., 1996, Sora et al., 1998) %
FHITHF 97 ADHDBEOITEN % 2T

DATH, P33 v WEOREIZH ), s h
1R =33 Y DFEMY AAEITIHEBTHS. DAT
VIR E, R0t VR EREATE L, B,
HE, %, 40k, E845 &10828+ 3. DATIL,
ADHDDERTILLBwWORTWE Y 1) &
(ritalin} (AFNTz=F— ) - methylphenidate) @
EEAERNTOHD. Vo) vidar o8
CHUDMERZHS, BENSHE3 &R T.
L4 L, ADHDIRTIIEEIZT B L2 50, iz
SEIEMA D L, HELHE (paradoxical
calming effect) L EbI T3,
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2-2.DATRIBRIRZHTEV 42U L D%E
DAT 2 RIBER1=TY AT, T+ TAMED
F=NIVEFERL, BELSBTRT. 25
2, ZOLENL, ADHDIEDEE LFEHIZY 51
& o TR &1 5 (Gainetdinov et al.,, 1999).
VE Y YOEETHEDATHEEL WY Y AT
V&) EEMRERETAILR, V)0
BEMRTRMOENIEETHL L2 ERL
TWa, ZOL)REBERDIL, BETIR L
IEF 7Y M5 Y AKR~F — (norepinephrine
transporter) 25EH TV 5.

DAT-KO

FoAHRALTay |
FARFTOERR

DAT-KO

‘ﬁﬁi!lhi - ‘n‘
' ! I )
Ritalin ﬂ - ﬂ Ritalin ﬂ' - m

Figure 2. Opposite effects of Ritalin on mouse activity
in locomotion and tail-suspension tests

EE O, DAT-KO 7 RIZ0 %) v ¥ ip b+
B, ZENIMA OGN LD, BEREILLARET
B xR BB LA (Figure 2). 1% iz v
T—VATOMETERLNET A&, DAT-KO
v ARFEE BETRENEVWEE 2BETF
B) =oAL ) bBEEICEL-ESELRT. v
) EHEET T AR T 5 LBRESER
PRFIZHINT 545, DAT-KO<» A5 LT
BIES RIS T, DLAMMIENE, —F,
TIART Y Ve REPOHEESRYICLTEEE Y
WES BT —NHRARyTa 72 b (tail-suspen-
sion tests) (Steruetal,, 1985) X, I 2>BEDR ¥
V=227 TRWHENRTED, BRIV L#ET
H57AMETSHAH, DAT-KOTTRAIIZDFA b
2ok, BAERY AL ABEEICEL 238
BEZTT. COFAIDERTY ) raiks5T
b, BERE<TYATHDAT-KO7 7 A THIEE
BT A, oF ), BEHENERE T —
WHARZa kb, Y7 Y#FDAT-KO=
VADERBIISZAEBILE{HTHE, )Y
) it, ADHDROZENINZ 248, BERIIED
LH5IEFMLNTWEDT, DAT-KO< ™ A

ADHDRDHft 2 L (EL TV ABYWEFIVITH
ALEAONS., I7:, THT A MEDEVILE 5
T, SRLEREZNVIIRTAZENTEL S
b BT,
BHEBIGREORNSFORETFICEET S
C LT, WHER TR B TE L FORETF
EDBRERRDEENTEL—2DOBTHA.

% 3E | tEB) & DAT, MOREIET

3-1.REFHREFHT 2EHAL T L
RERHILTE DB AITEI 2 hET 5 L TIR
FHRREEESTWE, Y2 TH, BLE
O (Li%Eh) 2R L2 D DICIHEEE L, Egeih
LERBULLOPLEEMEL LS &35, HUEE
HTAEERVATFLAE LT, F=r¥3 032
FhEFEF A FURATFAPMENTVS (Figure
3). EoT, TRLDVRF ATHLE 2GS %
#5, DATX 32— ¥4 FEFMH (MOR: 4
opioid receptor) OE{ET4I, 7B #5102 EE

ZRETFTHELEIOND,
Bewd | EER
. B L

F—t G hSoAN—5— (DATHZ LS

K SRR AT afeFRskoaR

K= ig i AT LAOERERA AUFARLATLOEMENTR

REED BpofzULf
RIS ED fR1EE)

Figure 3. Pleasure mediated by dopamine and opioid systems

3-2.MBBYE K—X2 22T 4

1954 48 Olds & Milner i, PUEEHTFEIOFL LT
BT B BEAICHERET A2 L2 BM L7 (Olds
& Milner, 1954). R T EROFME % 8 2 FEOH
THHNARRAICHEBELMIALT, 8BS
TIOMBUERBTERLICTEE, Fv Mt

-133-



TRME £40% 525, 20045

1EREIICI FELED 08 S 8478 (ICSS:
Intracranial self-stimulation) 475 . #DBORF
ET, BORABECHSET] &2 TRERS,
FRRIREEEF 5 & fI48 4%, BIGHRTEFICE 2 F—/33
viE (ALOME) L —BT AT Lithhor. 3
72, 3R CREERL EEWRESERTEY
DEFFEDATTH Y, ZhOHDEWH F—It3 >
WREET R LA I LML Mo, &
DL, F—=3I P25 A BRI RIIZ B
THROTEELRELRTIEIEEEN W,

3-3.DATHHE L BYE
DATFREEMS VRS ERT I L, 158
HIET D F—3 Y AF A BWTDAT
BLeRETRELLTVWAZEERELTWE, DAT-
KO RARHB 2 REHRAOEELRITT2 2
i, RIFEIRIBIIBE F—t3 vV AT ADE
BOMBPICoOLHF2LELONE, ER, DAT-
- KOR U AGHAECHSEISIEFER > A Lk
R%bd, 1AOERHEEBLDINELRS
DE AR EFEL IR LTV E (FOrLy
7V A 3 —k | progressive ratio schedule), EF
AEl U XTI R R B TR iR A
T5%, DAT-KO= 7 A TRBIEHEE B LIz
<L BRERBEOBMICECERLTVAZ &3
BG4 % o7z, DAT IX3EH~ IS E R % $I+
bETEELZZEAEH-TWEEELI LN,

-4 BB EAEA T FIAFL
—%, A I P RAF L SIRESRE+ 5
TAEELRVATLATHD, NEIIITTH 40004
SOMARr Y ERBEOBHTHVTE -, M4,
VOEDHMBMTH LT AV, BWEKENES
FHETACBELE oMo bR E bR
TWh, EVERAETAYOIRSTHY, 1805
FEIZHBEES N, FLTI973EI01E, ELL LD
BENZERS (YT 4 FEEE) MbhimE s
KBHEFETLZENHELE o7 (Pert &
Snyder, 1973). & 5IZ19754EIZIFE L L A L [E4E
DIEREHEONAEMOYE (F ¥ 1 FrT+ |,
opioid peptide) 2SFFE T 5 2 L4t b (Hugheset
al,, 1975), b hREMHF Y4 F‘*‘/;{-,‘_—A A

HRICEATWB S LABI L pic ot D30,
ENEFPATA ¥ (heroin) ZEDFEF 1 Fick
LRIBEORFIL, v RS E RS
REVATFATHITEF A FVAFLDEEIE
BlLAdTHoLELIONE, 0B, T4 F
Sk, ELeRALENL LR ROWE L
Thh, ~af 2271 (codeine) 7 LDEE
HMEOHEREF A FRIF P& TN,

3-5. F=INNIREFEFT FROMBIBEN L 27 L

FEFA FEREIEI 2 (1), ¥ (3),
By (k) DITEEITEL, WAogphlic
HEPY LIBEFTHS. KO ADRITHS,
EN BRI E BREHRRCHEBEDHRIIL, 300
SBEFOPTHICMORIZE hHbh T I Eas
B &3 2% 2 T B (Matthes et al., 1996, Sora et
al, 1997, ® R -k, 2001). f£-T, MORM&
EFRET AL, REHBRICBTLA VLA

N AT LDREEBL T E ETEDTHET

H5.

MOR-KO~ 7 ADRAMECHERERIZ LY, A
BREVIFRIEONTWS. MORIZILEE ¢+ RE
EEBHFTHED, TOFFHEVMOR-KOT
TRATEO LAWK THRORA E CHEK G
PRELTWDS, BICELLERIL DAL A KDY
AT LEFRELEED E, ZORAE SRS
%, FER<Y ATIEHAH sHh, MOR-KO~vY 2
TEERD v SHMUBEER T3 AR BTRsA
HEBELTWEDT, ZORMEOREIZAL F—/3
IVIHELEMEALT S, 2T, MORIL F—/93
YL HRBEEHERTCLAHFLTBY, o
RBEEP LV E ZOWNEFRRENTHRAEDH
BT T L EEL NS,

U EDKO~ Y ADBMATHHHG S, F-
RIVVATALFEF A P AT LALTE L b
BERBICHDLIEEL VAT ATHEE, 20
RENIFE L > TWBEERSEZ SN, #l21T,
Fe=N3 BT ORES), FEF 4 Fidwo7
D& L7EB L lb i b, HIBENIS AT
ThY, FNPNDRTIERLL Y AT AL T
i S hTw2 00 b Hhizy (i, 2003).
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A4 §EEEMOR, GIRK F v R ILEEF

4-1 . $BBORFAHZZL

i, BEEREETAFATHD LFABIIT
B 25 ERITELRFEO—2TH Y, HE
TER ) ORITHERBIES, BATIYERL
ERTHLEMERL, BFEFOEERNEHIZ
BHoLND LI, QOL (EFEDHE ; quality
of life) 8] EOHRLELRRETH S, BENR LR
DEMNIIUTOL ) s na 2EE H 5. A
RERLCEGETNBFEATE A FEREER
(NSAIDs: non-steroidal anti-inflammatory drugs),
FEA A FUHERE, BREEL VOV TR
PiBRELEE, Tha—-VERROERGTHL Y )
=W ETHEL, INLOEMENEDL ) 5T
AR XL THAEHET20PEHLICTHE
Eh, fTEHEBIET L ORBROBIRIZ DL A%5.

A4-2, 32 —FEFA FEREENT 58

BR L& B, MORMAEA A FIABED

FELREFRNEHTHY, MOR-KOTIATIEE
Ve FR2TFL ) V7T 4~ (buprenorphine) %2 &
FERAMBIIHEE LT (Ide et al, 2004). —7,

TUACIRETORESEY SR TWED, A

WKEoTENLADEBHRELEI LI ETH S,
CXBK =7 A 192 E RIS NRHKTH D
(Bailey et al., 1981), EERNIENE A OERIIR
PHEFCRFBLTWD, BEEELHE, CXBK~
7 A CIEMOREEZEFOIFFMREL (A v Iy
—RNA {messenger RNA) ICizE 8h 578, &B
BOE R D AR TH R WEIR) PREICEL
o TWhI EERM L7 (Tkeda et al,, 2001). 2k
FRERIZA v Vv —RNADEZEEICEDL S
ZEhh, CXBK<7 ATRARICEVWIEDRE
D7 DIMORD A v £ ¥ ¥ —RNAPTREE
b, EFNRAOT, ENEIOEFHRIE
FZRFT 20 EEZ b, BRERICIEE
EREHZEP S, MORBHEBEFIZEERT
HuH, FOERBLL o TwD, FHRER
R EREIE Y (BAEANTEEEFPER
B)ZEFMONTEY, EBL FMOREETIC
BOTHI0 A EDBEFERERHBLTWA, &

]

e OBREFEEIIMORD X v+ Vv —RNA
OHEEHRIEDY, EALAERYEOAALY
FlEEITUWREIEL LRD (Figure 4). &6
RELZILITRIE, FEREROZHEEIIEORIE
F232- FTH2EREORFRICHEL, 4R
BAZZDLNRZLTWADI L HENE Y,

| Moria&#mmmma i |

1 !

[ MORE (& Hitt ]

: 3

| rersemmpropiz |

Figure 4. A hypothesis of a genetic mechanism underlying
individual differences in opioid-induced analgesia

4-3.GIRKF v 2 E$85%

Ia—dEF A FEERREM AR EILET
ke ha L, G/oRDGERE Y EMLTA.
EHALLGI/oBHER 77 VERY 75 —F
(adenylate cyclase) 2HHIL7- 0, BAKIEES
Vi A F w3 (voltage-dependent calcium
channel) # %3 A2, GEAEHEEEAGmE
ZiEA ) v A (GIRK: G protein-coupled inward
rectifier K*) % A V%ML T % (Figure5). &
DL LI ELMBNEREEERD ) b,
EOBRBYEBEFISEITEEZOMIL (b
o TWidorz, £/, RIBERFICHAICHM 25
ERBEHONTVWEY, FDOAH=AAb L (b

GHEARELH
KF it

NE
Co** casehn

ATP cAMP

Figure 5. Intracellular si gnaf pathways for opioids

-135-



TBRFE 5403%, £2%5, 20044

o Twhhorlz, 551, GIRKF+ A NVBET
REBZROVA—1—32—# bov2 (weaver
mutant mice) ¥ VA & T, GIRKF % %4
LIBBRIBOTEETHAZLLEBL -
(Kobayashiet al,, 1999, Ikedaetal,2000). F&7
GIRK F * A MEGi/o BEERLY /- izt o T
EBRIEENDY, w4 —N—32—Fvhemx
i, BEFERIZIVZOLI 202250
GIRK F v A Vw350, O AT, NSAIDs
WEBEMITEEICRIAM, ELeioLy ) —
WML BEMIHEICRE LTS, 23, F
Ed A FRIY /IS L 28ERENL 220
W, GIRKF ¥ A NBEEICIZS L LERS D
(keda et al,, 2002). TDX I, RAOERER
BTH->TYH, BIETFEREF IS0 721513,
TEMT 2325 2 & CFDBETFOEEL~LTD
REEFHOPICT B EHTES,

B5E EET Y 5DA

5-1. fTRhEEE T
BEBSTEzL 12, BEFERYY Z0IT

BTRIATF LATB L OB EET 25

FETH D, ADHD, HIFE), 8% Lo pE L -
TEN > £ OMOITEIVRIEFEFI MBI L 5T

RESHBENDZEDHALPITL ) D0HE, —-

7, E NP ARTEORTIZEY, & FosEHETE
F3F2TTHDZENELHPIIL o7 (Interna-
tional Human Genome Sequencing Consortium,
2001). RENCIE, TRSOLETOEET LT
EDRRBRAEAS PR BTHS P, BT
BN R AREFIRE LTS T A 2
PEHRE, HEHTHSS, DAT, MOR, GIRK
2 EREDMDOHREEREZER, A4 F v
N, andy, BER, EVCR Ly -
L&, TR ARECEET AR DEERENT
BB, INODEHFTFH I~ F32EEFHE,
BRI T ALENS B EEL LN D,

5 2. TR A SO OBIEF A H = X LDRERA
TEHLLDB & 2 R L T2, #ITS 143,
TR DES 2V { SFIT LT T8 % MR

LRTRILL OB X 3T E S v, T8N %
AT 5 I L TRIET ELOBRERRT 5 2 LT
&5, T, LOAS X ICHET IEYOEK
PRI E R R o e BfgeE, LOBETFAY =
XADBEMFHIC oL THL S,

51 F 3k
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