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6, 1990 FR &2 LIRS R ERPHED bR

—FT, 1976 2, FEF AL FRTFFDH 2L 005, BREFRILV
EVREAVEY (GHRH) CRERELRLZZFAEZNL THVEERNV
EY (GH) A+ R ePMESNZY. GHRH O 7 F v
A2 o773, 5-—0 B (cAMP) 243 5 DICxt
L, COZFEDOEI Y FAv ey Yy —IT Ca>* Tholz. TDH,
1996 EI2iE, BRI/ U—Z Vv FEILL > TIOZERD 1 RIFED
o,z sh, GH FiRENESZERER (GHSR) &MEhs XH I
ol IOZFFMIMAINL GPCR Thozl eh b, FFENEE
B &N T/ GHSR ORFEMY 7 ¥ FERF R B THED Shi.
ZLTOWIZ, 1999 F, EVERERtLyF—0RE EHO—N)
EENBIZE-T, Sy b IDOERS GHSR %iEMILYT 2 WE
HRFF FE LT, GHRL AR R Eh/2.

JL1)> (GHRL) & FDEEME

1. GHRL

v +® GHRL &fEFi%, 553 %MD 3p25-26 ICFETH. B b
® GHRL BIZFW 5207V yH LY, 28 73 JEPLHRS
GHRL 3% 2B L U837y |2a—F&hTwa, GHRL I,
N&#» 5 3FBDOLY) YEREOUSESRERE TR EOREHIHKTH
BAT 5 VEILE o TZATMEENE L W) FHEF-oTWwaED
(B1), 20X EHREMHSZ2Z T TWEEEFEERTF FOFE
&, FFLEICB VT GHRL PAtashcwiw, 72, 38EO
GHRL RiERfEo 7 3 /7 BERFIIEFFEICRIBFEEN TS, GHRL
2, £ D3R RO, BE, AH, WMEETHREINTBEY, ©»
Thy 3FBBDOLY Y IR A VI = VRECEHEBETMIhTY
5% 73, v GHRL O4FEiZ 33709 TH 5.

—7%, BHBIAMMENTwiwv GHRL 4FRFAT7 IV LY
YEMENS (B#, “GHRL" &34 2 % YEECTH#i Sz GHRL
##|9) W1). FATTVZ LY vid, GHSR ~EAT A Lidhk
{, »OFE% GHRL O THs GH FUBEEFELZF -2,
ZDRD, FAT YN LY B EOBETEER S 5 L w
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1 JLi> (GHRL) DOEEEAXE

EBW, n-F2 5 A VETHEZ S, GH BBt zEorLvy Yy, 25>
S Z A THATH A, TERIE GH MBEEZEL2wFAT IV LY v, 7
VY Y-O-TY WIS VA7 29— (GOAT) 12k, FATILIVLY XIZF 2
VB ENS, TI/VBE—XEELLTH A,

GH : RV E Y

IREDH B, L GPCR # A 2 WIEE TEV TV B TR
BHY, BEEERREPLEZLEEZLONS.

2. JLU-0-7YIL RS XT 25—+ (GOAT)

GHRL DEBRERFICIIIEHBEEHSAETHALAZ L2 b, BIHE
AT ABROERIEBANGED S, 2008 £, GOAT &£ LT
FEaENn. ZOBEOERIE, ®—F=2,%4 2 (porcupine) &\
VTV NVEEBBEZOERNIG|&E &L oTWA. R—F 284 VT,
BREERLVPAIZES TS Wnt IBHBRBH2ITOBETHL. 20
FBREBIL, T—IR—-ZAENSEFEM-0-T I NVEGBEEEZEY
7 I —OBENEESEOY U2 2B LT 16 BOBERBSTIC
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CGHRL 7f<if

Il !

30 4 5 () 5 6 7 8 9 10

GHRL: 7L~

GOAT DEMIBEIX 37~50C (A), Zill pH 13 pH7~8 (B) TH 5.

b, Zomrs, EB, GHRL IZn-F27 % VB2 #EETE AEE
& LT GOAT MER SN, ZOBEOR R, GHRL 24T 5
MIBLEFICBEV—HELTwA, F72, COBEREOEEIREIX
37~50C, 2@ pH X pH7 ~8 LEENL TS (M2)".
3. GHRL Z&fk

v M@ GHRL ZZEMFEIETIE, GHRL LA U4 3 fetafhkd 3q26-
27 HETH. & MO GHRL ZBEKBETFIR 2207V U HHK
D, 17V VICE1~5 T TOBEEBBERN, F217V /T8
6 ~7FTOREBEBSFETS. GHRL ZHEEEEZTH 51,
BIRGA T 542 v 7RIBIZE 5T GHS-Rla & GHS-RIb w9
2DODA vty Yy — RNA (mRNA) PELS. ZDH B, GHS-
Rla & 7 BREEM D GPCR T GHRL &4 E LTHET 525,
GHS-R1b 17V Y OARPLHKA7:DIZ GHRL FH5FE LT
ERERE L 2. GHRL Z&MKIZ, HLEERREERZ2HONTF
FOEF) » (motilin) FHHEE 52% O7 X JBEFOHFELH
LTws., GHRL ZHEMHICIE 3 &R Gg ¥ v 373 #& L TEY,
RAT Y N—EDOEEIEAS ) ¥ b= VZ) VEEOEAE AL T/H
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FaEn o0 Ca I 2RAE L, GHRL Y 7 F U HMmZEENS.

4. FNZX2F> (obestatin)

A V74— FRED Hsueh o607 V—71%, 2005 4, Sci-
ence FEICARRAYF L WHIRTF FRNVEVZRELRY. FXX
¥ i, GHRL BiERE2LEI D SN TELE SN2 0b b
3, BAEWHIE VWS GHRL LMoL BEREZRTEEY. BRY
N FHROBEIFIRTF FE L TEE SN, SFEFL7N
— T T o R EBRTHRAEIHR TE o 2dil, HETEZD
WEFRMBREINTVEY, 0k, FTRAYF VBERRENERE
(EIA) ¥ v PAWREATVEH, ZoOFAHITEEICHRIE SN EX
ETHA.

7L U2 (GHRL) OafmEMAuRE, & & U5 RE

GHRL DO F7/=2EAEMMIEE T, BiC, BHUWEDD 5 BEEIC
Zwv (M3)., chid, e Ty PREDIEIFIELZTTIEEL, F
BHEOWTIOEEIIBWTORAKTH L. HEEZFOY I PLY
VhEDRBEWTIE, BRET GHRL 2 EAENS. B GHRL
FIZEEICEREL W 2CHSERASWMAR T, 38 —24 4 X
(EfE 120nm) OEFEEOBVWHWENE2Z (LY. 7y T
BHEMEORK 2% PHFWHIET, 20 50R 20~ 25% »F
GHRL MIaTH Y, Thide A% I V245w 5K 2 o 23k
FakHifE (ECL cells) IR SHEETH 5.

ZOIEAMC GHRL &, FEEIEBERZYS, 2B, ME, B
B, BETE, B, BTEE2ECLEETSE. 209b, RO
GHRL B4 =2 — 0 Y35 REMUEBICHFRE L, MERETERRE
RLHERTEHDOII»OMICHES LT3,

E»ooMWEhss GHRL I3k EYE LTIEFZERL, Bl
MEA~ERTA. v bm#EF O GHRL #E X 10~ 20 fmol / ml,
GHRL & FAT7 Y V7 VY r&aghbe7/:# GHRL £ 100 ~ 150
fmol/mi TH5%. ZMNXHIZ, GHRL BEXFAT Y NMI LY Vi
B 1050 18BETHS.

GHRL OHWMIET AN F—IRETILET 525, LD L) ik
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H3 v hOBIZHITB T LU (GHRL) #IEOSTH

GHRL il (18f) 1, BOWROSH2 BHMICS(, WELTHET S, Bl
FELTWRVESEASWAIIT, I, B, v LMRCEEELETS (BL).
THREH SN TV2O0E, LBTHALZADE . HKICLI-TER
PRSI THMF GHRL IRERE(L LW &2 5, BOMEIE
Tik GHRL O E L L v, —7F, M¥EFo GHRL BEIX, 7
NWI—AFEEIZLoTIKRT L, ZERICEATEPEFLENT S L
AT HZ EH,S, GHRL S OFRE IR O 70V I — ZBER
BETHLEEZEZOLNTWASY?, 7/, GHRL P AHEE L FHO-
DITIE GOAT 2 X A IBIFBIEEI LA TH L Z e b, — BRI
TFRRVELICALNG, &, FE, Lo pi@R2g
Tl <, GOAT OFRBICHHEEBEL T NE R LW,

JL1) 2 (GHRL) MAIEREEE & fRmRE

AR 7y -2, BEZIANVF-2SHEEFE LT
EWTAI OB EINE. ALY —ENE, BEPERERH
OFENC L VHW SN TS, GHRL 2 Z0WTNIZHHES LT
Wh, T, AYERY vV FO—A0EBREFDO1OTHAL IR
PERIFICH GHRL 2% 5 LCH Y, HPERLZPLICHIESEAT
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W5, ZITik GHRL OXEREHEBELRL, WEL O Y
2DV THalN5.
1. GH %iMEEER

GHRL 2, in vitro B XU in vivo Tl 7% GH ##wMEEREEZ R
9. GHRL 2 BEZBOHFHRICKESTHL 15~20 7 THREED GH
Mg &, me GH LAV oilg 60 5L L3 kT 5. S 512,
B TId GH 2 E L 2 VwHE® GHRL b, GHRH & #ik54
5T & TR THEY: GH RHREER %5 3. 20X 912 GHRL &,
BT GH #ifE2 50 GH HWiIICHEEST 5L L1, GHRH
EDOMFEEHICL 5T GH FWzfl#$ 5. GHRL % EiRE TS
T5L705275 > (PRL) N T25WHEIERbAONS. THE
AREEEIICIE GH & PRL 2 —MAAICFE> VY~ hto 7
(mammosmatotrophs) &5 MEAEEL T 5729, GHRL HlE
12X % PRL MHIZZ OMIFBIZ L 53 D THAH LEZ LN 5.

IO X9, GH MR 3% GHRL OF2/EMIE, GH Bl
#@THOTHY, GHRL #° GH BIZTHEHS GH MlzoikE - &
bS53 2 MEHITNEVEZEZ LN TV .

2. BEREER

GHRL %, 7 v PRI AUHEBLURMEET 5L, BEIT
YL REMINER 2R, GHRL 12X A3EATI#IZ, GH SuWMEEE
HEEEELTWARWY., ThETHOLATWS, Z2—uXTFFY
(NPY) 7 7 —FB#ES5 >3 (AgRP) 2 EDEAITHEWEIL,
PRI TOAZREZRT. —7F, GHRL &, BENZS0IEIR,
BIRAPEENZS CHOEETERRERL, —oRMEEEES
ELTEAREZIT). HRTHIZELSRAMICES T2FKT, £<
DERIEEEIN, TAVF—REVPFH I T L. WERCES
&7z GHRL &, GHRL &M %#> NPY/AgRP —2—ur%
EHALL THARTF FOEL L FUWERAEL, BETEFERAZRTY.
T/, BEEHRMICIZRS SNz GHRL 3 NPY / AgRP =2 — 0 Y %{f
AL T, BELRESES, ThiE, HILE»S0FERE, Nt
RCHBPHRECEETARAETH S B OXREMRIKFT 5.
GHRL ZHEMIIREMEROES 2 — 0 v TEESH, ROGHERR
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NIE SN S D, GHRL 13 Z DRERICHES L TEEME R ORHED
BREHZIH T, ZOFRIEBIFEZCEZEZEEN, 0%, =
2O VEEZTCHRETEHD NPY/AgRP =a2—1 >t GHRH =
a—ar~EiEh, BEEDEER L GH SMERA 2R3, IR
PBHGWMENSLLTF Y (leptin) &, NPY/AgRP =a—ua %
WL CEENRHEREZRT &5, GHRL EHERTAHRVEST
H5H9.

m#Ed GHRL #E X F%IEHR BMD tBOMBEEZRL, EiE
TEL, PEHEOATEENMEMIIHS. B, Bz )edwv
YA v7 47 v oMmiEF GHRL REEC, k& B RIRES
FZOMBFRTIEE . £, BELAECHETEREOBVERD,
Mm% GHRL BEEEMEERT. B 15 HEAORETFREVERD
Prader-Willi JEEHTIEZ, BEZRT & & dIMEERO GHRL BE
PEETHLZEIRENTEDY, ZOREICIEDLIZAA=
A LBTFEAET B ODPERFE .

3. BEEEAHICHNT SER

GHRL i, BB TLAK SR, MPIZgwEhTwas. £ YA
YERUEIWC, BEREL D DEFRTEW. GHRL &, B7 > 7
WNYABTI VTV REET D o MIRBICHEREL, GHRL 54K
BIETFIE o MifaE g MR TS, AHEIRE (1072~ 107"M)
® GHRL 1%, SIETTT v M HEEE g MlzoMIarn Ca #E % ¥
mag, 42 vawkiRET A, —7, KMET TIE, GHRL
X g MR OERE Ca® IRE L 4 » X) YW EELESER W, T2,
GHRL BfEFREYTABT 2@ 25, GHRL XHBIZX - T,
BEEPLO NI —ZAFEEA V2 YWMOTLET A I EAREN
TWw37,

B, GO-CoA-Tat LIFIEN 2 GOAT OFIRAYIEILIEANRRET &
n7=®. BEFEY5 2 7-HER < 212 GO-CoA-Tat 2 EHT 5
ETHEREATCE L, HEEMAA T 5. B ABRRII AR
WEORETHY, BREATERTZOERIKRE WD, GO-
CoA-Tat IR LERTILEDH LR TF FEN—R LT H3HH
HOT, BERTOIGHIELWEZEZONS, LEALers, $k
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DEFFEIZE o T GOAT ILBEMICERZEND 12TH 5.

4. DEEBEICH T B EH

EE~N GHRL Z#IRAZET 5L, HEBEZ LS ETICEY
BREFMET L, ARENHENT Y. LHHEERLALEEFTVT v
MZ GHRL Z#EfEix5$5L, MiE GH OLFL & HICAEERHE
o¥m, 2V ET) Y SHEEROWE], ANF VT ORENFRD LR,
IMERERES L MERBREORIEICL 5 GHRL OO EHEEEL
LTOFRAENRB S TS, B OLARELEE~D GHRL #5
THLRBOEMPMATEREOWEIME SN TV S.

B H U

GHRL OFERIZL Y, BAVHEEZ T T GH ofwPe Tt
WE-RBORHLERLBFETHLILFHLPIT 2o 72
GHRL I, R 0EEZNET LI LAMD THEEINLRTF
FTHY, GHRL IC X2 EERGBBOMHAIL, EHCBEAREL
EOFHHE - RREOBHIZIEELERERFD. BABERLIANFT VT
W23 AIREEL LT GHRL DEERFED BT o TB Y, GHRL
OFOMBEVEBRER? S, BHE L TOBRFSAME~NLERELD
DHb.
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Methamphetamine (MAP) dependence is a highly heritable and aberrant dopaminergic signaling that has
been implicated in the disease. Glial cell line-derived neurotrophic factor (GDNF), which plays an important
role in the survival of dopaminergic neurons, may be involved in this disorder. In this study, we examined the
association between GDNF and MAP dependence using a Japanese population-based sample.

We selected eight single nucleotide polymorphisms (SNPs) in the GDNF locus for the association analysis.
When patients with MAP dependence were divided into two subgroups consisting of multi-substance and
MAP-only users, we detected a significant association between these two groups and the tagging SNP,
152910704 (after Bonferroni's correction; allele P=0.034). Thus, GDNF is likely to be related to the severity of
MAP use in the jJapanese population.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Methamphetamine (MAP) dependence is a serious public health
problem that has reached epidemic proportions worldwide (Elkashef
et al, 2008). Repeated use of MAP induces a strong psychological

Abbreviarions: MAP, methamphetamine; GDNF, Glial cell line-derived neurotrophic
factor: DA, dopamine; UTR, untranslated region; SNP, single nucleotide polymorphism;
GFRA, GDNF family receptor alpha; RET, rearranged during transfection; JGIDA,
Japanese Genetics Initiative for Drug Abuse: S.D., standard deviation; MAF, minor
allele frequency; HWE, Hardy-Weinberg equilibrium; LD, linkage disequilibrium; DAT,
dopamine transporter.
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dependence and results in the development of psychotic symptoms
such as psychosis, attempted suicide, craving, and depression
(Aoyama et al, 2006; Nakama et al, 2008). Numerous family and
twin epidemiclogical studies have suggested that MAP dependence
is a highly heritable disorder (the estimated heritability is 30-60%)
(Kendler et al., 2005; Aoyama et al., 2006; Lichtenstein et al., 2009).
Thus, a number of molecular genetic studies have been conducted
worldwide to elucidate the vulnerable genes associated with this
disorder (Aoyama et al., 2006; Kishi et al., 2010; Okochi et al,, 2008).

Aberrant dopaminergic transmission has long been implicated in
the development of MAP dependence (Freedman, 2003, Yui et al.,
2000). It is well known that glial cell line-derived neurotrophic factor
(GDNF) is one of the most potent neurotrophic factor influencing the
dopaminergic function. (Carnicella and Ron, 2009). Indeed GDNF
plays an important role in the survival and neurite outgrowth of
midbrain dopaminergic neurons (Krieglstein et al., 1995; Lin et al.,
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1993). Furthermore, GDNF modulates the activity/excitability of
midbrain dopamine (DA) neurons (Yang et al., 2001, Wang et al.,
2003) as well as DA uptake (Lin et al,, 1893). These observations
suggest that GDNF is important for the development and maintenance
of DA signaling.

An animal study has provided direct evidence of the involvement
of GDNF in MAP dependence. Reduction in the expression of GDNF
potentiates MAP self-administration, enhances motivation for mice to
take MAP, increases vulnerability to drug-primed reinstatement, and
prolongs cue-induced reinstatement of MAP-seeking behavior that
had been previously suppressed (Yan et al,, 2007). Of note, GDNF is
implicated not only in the control of MAP intake and seeking but
also in drug abuse in general (Ghitza et al., 2010; Carnicella and Ron,
2009). Manipulations that modulate the amount of GDNF in the brain
decrease cocaine-induced conditioned place preference and reduce
cocaine and ethanol self-administration in rats (Carnicella et al., 2008;
Messer et al., 2000; Green-Sadan et al., 2003, 2005).

Thus, changes in the expression or function of GDNF may affect
dopaminergic signaling, favoring the development of MAP-seeking
behaviors.

MAP-induced psychosis and schizophrenia (the paranoid type
in particular) show very similar symptoms (Sato et al., 1992), and
genetic association between GDNF and schizophrenia have been
repeatedly reported (Lee et al., 2001; Michelato et al., 2003). To the
best of our knowledge, however, the association of GDNF with MAP
dependence has not been investigated. Therefore, our current study
aimed to examine the possible association of SNPs in GDNF with
susceptibility for MAP dependence in Japanese population.

2. Materials and methods
2.1. Participants

This study was approved by the ethics committees of each institution
of the Japanese Genetics Initiative for Drug Abuse (JGIDA) including the
Nagoya University Graduate School of Medicine and Fujita Health
University. All patients were unrelated to each other and were ethnically
Japanese. Written informed consent was obtained from each patient.

A total of 219 patients with MAP dependence (178 males, 41
fernales and mean age + standard deviation (5.D.), 37.1 £ 11.8 years)
and 383 normal controls (160 males, 223 females and mean age + S.D.,
40.0 £ 14.6 years) were genotyped. Patients with MAP dependence
were diagnosed according to the ICD-10-DCR criteria, with the
consensus of at least two experienced psychiatrists on the basis of
empirical diagnostic interviews and review of medical records. Along
with the case-control comparison, associations of five clinical features
of the patients with MAP dependence were also examined, including

age of first use, latency of psychosis, multi-substance use, prognosis
of psychosis, and spontaneous relapse of psychotic symptoms {Morita
et al., 2005).

A total of 106 patients (48.4%) consumed MAP before the age of
20 years, and 109 patients (49.8%) first consumed MAP after they
were 20 years old. The latency of psychosis was less than 3 years after
the first MAP consumption in 95 patients (43.4%), and 3 or more years
in 82 patients (37.4%). A total of 60 patients (27.4%) abused only MAP
during their lifetime, and 152 patients (69.4%) abused drugs in
addition to MAP in the past or present. A total of 107 patients (48.9%)
were diagnosed as the transient type, and 81 patients (37.0%) were
diagnosed as the prolonged type. The numbers of patients with and
without a history of spontaneous relapse were 80 (36.5%) and 130
(59.4%), respectively.

2.2. Tagging SNP selection

GDNF is a trophic factor for dopaminergic neurons. The genomic
structure of the GDNF locus covers a 24-kb interval at 5p12-p13.1.
The locus contains three exons coding for a cDNA of 4.6 kb including
large 5'- and 3’-UTRs (Grimm et al,, 19398).

We first consulted the HapMap database (release #22/phase II;
population: Japanese in Tokyo) to obtain SNPs throughout the
entire coding region of GDNF as well as in the flanking regions
500 bp upstream and 500 bp downstream of the coding regions.
Twenty-three SNPs were found in the HapMap Japanese sample.

The longest isoform was selected from the three alternately spliced
isoforms of GDNF. We chose representative SNPs with the criteria of
minor allele frequency (MAF) >0.10 and r*>>0.80, using Haploview
version 3.32 software (http://www broadinstitute.org/mpg/haploview)
(Barrett et al, 2005), and defined these as tagging SNPs.

As a result, eight tagging SNPs were chosen. The gene structure
of GDNF and the position of each SNP are shown in Fig. 1.

2.3. SNP genotyping

Genotyping of tagging SNPs was carried out using TagMan assays
{Applied Biosystems, Foster City, CA). TagMan probes and Universal PCR
Master Mix were obtained from Applied Biosystems. A 5-ul
total reaction volume was used, and allelic-specific fluorescence was
measured using the ABI PRISM 7900 Sequence Detector System
(Applied Biosystems). Sequences of the individual primer pairs
are available upon request. To exclude low-quality DNA samples or
genotyping probes, data sets were filtered on the basis of tSNP genotype
call rates (100% completeness) or deviation from the Hardy-Weinberg
equilibrium (HWE) (P = 0.05) in the control sample. Participants whose
percentage of missing genotypes was more than 10% or who had

24Kbp
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Fig. 1. Genomic structure of GDNF and the SNPs used in our association analysis. Vertical bars represent exons in GDNF, and the number under each arrow is the SNP ID.
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Table 1
Association analysis of tagSNPs in GDNF with MAP dependence.
No, SNP ID M/m Phenotype N Genotype MAF P-value Global
M/M M/m m/m Genotype Allele P-value
1 152973033 A/G MAP Case 205 112 72 21 0.28 0.14 0.67
exonl Control 381 202 155 24 027
2 rs10941370 T/C MAP Case 204 78 94 32 0.39 0.82 0.79
intron2 Control 381 145 183 53 0.38
3 rs12518844 G/A MAP Case 205 85 91 29 0.36 057 0.79
intron2 Control 381 154 183 44 0.36
4 152910702 A/G MAP Case 206 85 101 20 0.34 0.55 0.93
intron2 Control 382 164 172 46 0.34
5 rs2910704 G/C MAP Case 206 88 94 24 0.34 047 0.25
intron2 Control 381 143 190 48 038 046
6 r$884344 A/C MAP Case 205 128 69 8 0.21 0.40 0.18 .
intron2 Control 381 219 140 22 0.24
7 rs1549250 G/T MAP Case 205 95 90 20 032 0.25 0.10
intron2 Control 381 198 158 25 0.27
8 52873049 G/A MAP Case 205 51 111 43 0.48 0.24 0.96
intron2 Control 380 109 178 93 0.48
M: major allele and m: minor allele.
MAF: minor allele frequency.
evidence of possible DNA contamination were excluded from the 3. Results

subsequent analyses. Finally, the clustering performance of the allelic
discrimination assay was visually inspected for all SNPs.

24. Statistical analysis

Genotype deviation from HWE was evaluated with the y*-test.
Genotypic association of SNPs that deviated from HWE was analyzed
using Cochran—Armitage trend tests for the multiplicative model of
inheritance (Balding, 2006). Genotypic and allelic associations were
performed with SPSS version 14.0] (Tokyo, Japan) and Haploview
software version 3.32, respectively. The significance level for all
statistical tests was set at 0.05. Bonferroni's corrections were used for
multiple comparisons; MAP P corrected = 0.05/48 [eight SNPsx two
genetic analysesxthree phenotypes (age of first use, multiple
substance abuse and prognosis of psychosis)]. The linkage disequi-
librium (LD) block was defined by Haploview 3.32. When the
haplotype frequency in each block was over 5%, haplotypic analysis
was performed with Unphased version 3.1.3 (Dudbridge, 2008),
which was not a tagging SNP as defined by the Tagger program. Power
calculations were performed using the genetic statistical package on a
Genetic Power Calculator (http://pngu.mgh.harvard.edu/~purcell/
gpc/) (Purcell et al, 2003).

The genotypic and allelic frequencies of each SNP in patients with
MAP dependence and normal controls are summarized in Table 1. The
observed genotypic frequencies of all SNPs were within the
distribution expected according to HWE. Neither the genotypic nor
the allelic frequencies of the eight tagging SNPs for GDNF differed
significantly between patients with MAP dependence and controls. As
a result of LD analysis of 383 normal controls, one LD block was
defined. The distribution of haplotypic frequencies at this block did
not differ significantly between patients with MAP dependence and
normal controls (global P value=0.46). More than 80% power in
detecting association was obtained when the prevalence of MAP
dependence was set at 0.3% and the genotype relative risk was set at
1.40-1.45 under a multiplicative model of inheritance.

Next, we analyzed these cohorts based on the five clinical features
of MAP dependence. First, a significant association was observed for
rs2910704 (genotype, P=10.01) between MAP-dependent patients
whose age at first MAP consumption was younger than 20 years
old and those who were older than 20 years at their first MAP
consumption (Table 2). When patients with MAP dependence were
divided into two subgroups of multi-substance and MAP-only users, a
significant difference was observed between these two groups for the

Table 2
Genotype and allele frequencies of GDNF in the age of first use.
Na. SNP ID M/m Group N Genotype MAF P-value
M/M M/m m/m Genotype Allele

1 rs2873033 A/G - 220 years 97 50 40 7 028 0.14 091
exonl <20 years 104 59 31 14 0.28

2 rs10941370 T/ 220 years 97 41 42 14 0.36 0.65 0.44
intron2 «20 years 103 37 50 16 0.40

3 rs12518844 G/A 220 years 97 42 43 12 0.35 083 0.60
intron2 <20 years 104 43 45 16 037

4 rs2910702 A/G Z20 years 97 39 49 9 035 0.91 0.96
intron2 <20 years 105 44 50 11 0.34

5 rs2910704 G/C 220 years 97 38 53 6 0.34 0.01 0.64
intron2 <20 years 105 48 39 18 0.36

6 rs884344 A/C 220 years 97 57 37 3 0.22 049 0.63
intron2 <20 years 104 67 32 5 0.20

7 rs1549250 G/T 220 years 97 45 43 9 0.31 0.90 0.97
intron2 <20 years 104 50 43 11 031

8 152973049 G/A 220 years 97 28 49 20 0.46 0.55 041
intron2 <20 years 104 23 58 23 0.50

Bold numbers represent significant P-values.
M: major allele and m: minor allele.
MAF: minor allele frequency.
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Table 3
Association analysis of tagSNPs in GDNF in the multi substance use.
No. SNP ID M/m Group N Genotype MAF P-value
M/M M/m m/m Genotype Allele

1 rs2973033 A/G No 57 26 21 10 0.36 0.09 0.03
exonl Yes 141 82 48 11 0.25

2 1510841370 T/C No 57 22 23 12 0.41 0.46 0.53
intron2 Yes 140 54 66 20 0.38

3 rs12518844 JA No 57 2 23 10 0.38 0.67 0.82
intron2 Yes 141 57 G5 19 037

4 152910702 A/G No 57 34 19 4 024 0.007 0.01
intron2 Yes 142 50 77 15 0.38

5 152910704 G/C No 57 15 30 12 0.47 0.003 0.0007
intron2 Yes 142 70 60 12 0.30

6 rs884344 A/C No 57 30 23 4 027 0.12 0.04
intron2 Yes 141 94 43 4 0.18

7 rs1549250 G/T No 57 26 28 3 0.30 0.38 0.59
intron2 Yes 141 65 GO 16 0.33

8 rs2973049 G/A No 57 18 28 11 044 049 0.33
intron2 Yes 141 33 77 31 049

Bold numbers represent significant P-values.
M: major allele and m: minor allele.
MAF: minor allele frequency

tagging SNPs, rs2973033 (allele, P=0.03), rs2910702 (genotype,
P=0.007 and allele, P=0.01), rs2910704 (genotype, P=0.003 and
allele, P=0.0007), and rs884344 (allele, P=0.04) (Table 3). In
addition, there was a significant difference between the transient type
and the prolonged type for rs2973033 (allele, P=0.02) (Table 4). No
significant differences were found in the latency of psychosis or
spontaneous relapse of psychotic symptoms (data not shown). After
Bonferroni's correction, three SNPs were no longer significant, but
rs2910704 remained significant (allele, P=0.034) between multi-
substance and MAP-only users (Table 3).

4. Discussion

Our results of the association analysis of MAP dependence suggest
that GDNF may be related to the severity of MAP dependence in
the Japanese population. There was no significant difference in the
frequency of any of the tagging SNPs between MAP users and normal
controls. However, when patients with MAP dependence were
divided into two subgroups consisting of multi-substance and MAP-
only users, a significant difference was observed between these
two groups in the tagging SNP, rs2910704, even after Bonferroni's
correction (allele, P=0.034). Multi-substance users in our study

primarily used organic solvents and marijuana in addition to MAP,
and the mechanism of action of these drugs is different from that of
MAP (Aoyama et al., 20086). In our current study, we observed that the
MAF of rs2910704 in MAP-only users (0.47) was higher than that
of multi-substance users (0.30), and a similar trend was seen for the
age of first use. In other words, rs2910704 may be associated with
the severity of substance dependency, as we detected association
with earlier age of onset (Table 2) and multiple substance abuse
(Table 3). Interestingly, we found a significant association with this
SNP that differed between MAP-only users and normal controls,
suggesting the involvement of this SNP in MAP dependence. Further,
this SNP was in strong LD with rs11111 (r*=1), which is located
1.6 kb downstream of GDNF in the predicted 3'-UTR (ENCODE
Gencode Manual Gene Annotations (level 1-+2) (Feb., 2009)). The
rs11111 SNP is associated with lower expression of GDNF in the brain
but not in peripheral monoclonal blood cells as seen with SNPExpress
(http://people.genome.duke.edu/~dg48/SNPExpress/) (Fig. 2, P=
0.0026). Thus, patients with these SNPs may exhibit lower expression
of GDNF and be more vulnerable to MAP abuse. This hypothesis is
consistent with a report showing that reduction in the expression of
GDNF potentiates MAP self-administration and enhances motivation
for mice to take MAP (Yan et al., 2007).

Table 4
Genotype and allele frequencies of GDNF in the prognosis of psychosis.
No. SNP ID M/m Group N Genotype MAF P value
M/M M/m m/m Genotype Allele

1 rs2973033 AIG Transient 100 61 30 9 0.24 0.08 0.02
exonl Prolonged 75 33 31 11 0.35

2 rs10941370 TiC Transient 99 36 47 16 0.40 0.67 0.38
intron2 Prolonged 75 31 35 9 035

3 r$12518844 G/A Transient 100 42 42 16 0.37 0.43 040
intron2 Prolonged 75 33 35 7 033

4 152910702 AG Transient 10 40 48 13 0.37 0.12 0.30
intron2 Prolonged 75 31 41 3 031

5 152910704 G/C Transient 101 50 40 11 0.31 0.10 0.052
intron2 Prolonged 75 25 39 11 0.41

6 5884344 A/C Transient 100 66 31 3 0.19 0.37 0.16
intron2 Prolonged 75 42 29 4 0.25

7 rs1549250 G/T Transient 100 47 39 14 0.34 017 0.27
intron2 Prolonged 75 37 34 4 0.28

8 152973049 G/A Transient 100 26 50 24 0.49 0.39 0.76
intron2 Prolonged 75 17 45 13 047

Bold numbers represent significant P-values.
M: major allele and m: minor allele.
MAF: minor allele frequency.
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Fig. 2. Relationship between GDNF expression in the frontal cortex of human brain and
the rs11111 genotype.

Inaddition, other associated SNPs were in strong LD with rs2910704,
and reduced expression of GDNF may therefore be implicated in the
prognosis of MAP use disorder. Recently, Boger et al. (2007} suggested
thatlong-term consequences of MAP exposure in mice are exacerbated
in GDNF heterozygous mice, which may explain the significant
association of these SNPs with age of onset or prognosis of MAP use
disorder. This group also found elevated dopamine transporter (DAT)
activity in GDNF heterozygous mice, suggesting that examination of DAT
binding in our patients may be of interest.

Our results had several limitations in terms of interpreting positive
associations. A potential concern was population admixture, which
is a known confounding factor for association. The Japanese popu-
lation has rather low genetic diversity (Haga et al., 2002). However,
even in such a genetically homogeneous population, a small amount
of stratification may produce a spurious genetic association signal
(Yamaguchi-Kabata et al., 2008). Another potential concern is the
relatively small sample size and that the gender ratio in the MAP
group was not replicated in the control group. This type of dis-
crepancy may introduce a gender-specific effect that could have
resulted in inflated p values. Thus, larger numbers of gender-matched
samples and genomic controls are required.

5. Conclusion

We suggest that GDNF may be related to the severity of MAP use.
Further studies using independent replication will be required to
clarify the relationship between GDNF and MAP use disorder.
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