672 RS (2011) 113 &7 5

B HARTEEOBENRE L BN
WEETIRIME D7 FIRRE & A & T o B

SN BE, FF w0, W OEED, =T e,
I RHEY, Wy L, =EOEEY

A IE DL FR R DFEIRHE D O glyoxalase 1 (GLOI) BEETFIWZHFHRO 7V —ALy 7 VE
BEFRE L, ERTIE, 7V—AY 7 M2k TEEREEESS0BETLTCEY, HETHS
ANWRZIWACEIIN A4 T — FRIG%R N L TERT 2 EABEEY (advanced glycation end
products ; AGEs) 2S0[HE®D 3.7 2L, 2RI NVEERSDFTHIEY 3> B671320%
LAV ETERT LTz, GLOLEGETFIZ O W TER « SHHRBFIE 247 - 124558, GlulllAla ©
Ala 7 Vv BIEEsHEY X 7 Th 2 aJgelEnRmg S iz, GLOI @ cDNA % COS-7 fiffdic A L
BREEEZFHIL: & 25, Glufll GLOL X b Ala #) GLO1 OEMELME» - 72, FRIMERZ F v
72 GLO1 {EM O HIE Tld, Alalll R EHAEOIEMENZ DD genotype & D 16 % &> 7z,
Z 2T, BPIOMERINE L 61 BIOBEEZEDORMMEME L7z & 25, AGEs iFfiEKIET
BEREFEZRY, £ 2V B6 bABRICBETETL T, GLOI BETIc R %75 IiE
BITix, FERTD & RN AGEs &0 o 72 RN R S, 29 LIEFicE S 2> B6 %
FCERTICHHTT T 5 2 £ T, BEME TOFIHERIE & 7% 2 eI RE S hue,

<RE|HFE . WVER=VA N v AMREREE, EREEY, by yYr, £ 3 B6,
GLO1>

I. 13 C & Ic INLEME DTN S T b D % FERT OEA 4
HHELWERNIC B W CORBHERE 2FRE LT 2 4B ET, BEHO TG L &2 W herE 2
EhREoMTIC, B —BUERE TEATL TR BRT5, AETIE, UMTO2250ZLicDnT
WREREOMERFEO—HNFAET L2 LR FHFELLW, 121, RBEZOUELHTFICE
U7z, FEHERICB VT, ERTFERMUGHE iAW HEHRERAAKOWTTHY, 51D
ELEE L AREENTRB E NI Z E D, 29 SRERITROBEEMICOWTTH S, THE, Bk
U 7 EFIIFHERTD S R WIHFHE L Tz 2 & USRS & R SGE R T ORI % T O BT &
Bl S Nz, 2 2Tl RBIEEINERER TR LL, ER 7Y 27 MROEY 791
EHRLOCHOBREINTEDY, IhriEseEs YAPREMEZEHRICOEASINTWSY), H
VELERRHS N TWS, FThEY I DX ROFFEHBRHEBR ORI TEIX, 25 L7

FEME D) WREEESREVIFRI G RINE - 5 o7 uy =7 I\
2) BULZEWIFRATIMREER G ¢ v 8 — o FAE IR 5T
3) HEEBNIANYUR GRS Rt
4) ALK R PR - R Fe Rl o TR BT 4 5
55106 [B H AR Mt it S =210 1 2010 4£5 H 20~22 H, 24 KEEBEEE - 72T V759
MEEART —~ I RO SN BFMHIEFZORRE Y a > | SRR OB & HE
YURY YA %A%ﬁﬁo)mﬁﬁﬁr RN A R DfEH IEA (BERREREBEE AR W IR R IR 2 43
), MRt CGREESARIUREE) 2—7 1 72— — Rl L



R gk

SN

T SRIAE D THE 8 & EHEI & T O TP

(A) (B) 6L01 [Em——
fractin [T —— s e e ]
L | L ]
1.00 control schizophrenia case
s 1.00
% 0.75 1 2
° o 075
f g
i 2
5 0%0 = 050
E 2
© .
Z 025 - 5 o2
= &
&
0.00
0.00 - control schizophrenia case

control case

1 fEFICBIT % GLOL @ mRNA B X OEBEFKE
(A GLO1 ® mRNA FH, 3% 1.0 & L2EofxFiE 273, TagMan %
Xk hER, ®GLOl OFEAFH., *EE 1.0 & Lz & XONFHEEE2RT.
Western blot 12 & D g-actin ZWEMEHE L L CER. case; GLOI 7V —A
v 7 b BE S 7o FUEEW, schizophrenia ; GLOI W 7V — Ay 7 F 2E-x»
WA SFME, control ; ZBH % GLOIL \ZFf7z 70 W {EH W

673

REEWI e 2 A 3 283 ShTwisw, H
A2 BT b SetEEEE % A O TR E R RS
WKy ENb ZeENEENS, BRIy =7 b
BOEY 7Y A4 LU ADBRFEEINLE—FHT, KR
DIRREMRIAIC B B REGIFFE O EEMEIIEKA & L
TELFHI SN B RETH 2. AfETix, BIKT

£ EFIOFREORED, BELFEROE S
DT ERBIERRLUIZD,

AWIFEIE, HEEREMHEFREUIEAT B L U8
SCAAIRERE & SERIFFE R DM R B 2 D&
REET, PECHROBH L HHIC L 2FE
R CiTbhi:.,

. % 15

48 KD BT, 3AFMREDOE I FELTHEL
7z, SEENICHIEEE 28 5 ADOMELFIE
BEEN VD, BRAF¥IS LD, FAfREOLT
 [HOOMNFZ] 78 EEZlRTEoslzlz0
FRhomEbE 2 iz, Mbx <4 7 TiTH)
EHEONTHS | CEEREICZ D ABELZ. K
BABDABRRERD 5, 2450 XRFER
WXL [BHIZZ 5 DB H I ANE D> 75
Mk s Pz Capgras fEEEE A D 72, 43
KD & EREFERICED CRANOGFICL DA

Bel 7z, D5 FEHNEMRL 723, HEERIIED
Z A & AR DS Rie U RSV BRI 2R D K &
., PHERER T O ARk L T e,

. #HRETCFEEORE

Bx i, EFPEOCELAERER> Twb 2k
Mo, IR & SBEREZ b 2 11 5 Bin TR RN
KAWICIFET 2 REENE W EFE 2 T2, 2 2T,
BEFT 2B E LT, BIRBIICOWTEA
LRSI UERIC L 2 EEA2E ORMmE
BRI L 72, 6 B OMRER 6p21 1%, ST
ZC X DEBD TN — T S A S & DS
NIMEINTEY), ZZa—F3hTnd
glyoxalase 1 (GLOI) iy H L 7z. GLO1 i3,
BBRIEA MV A ETE UL EER VRS
WSS D IEEEERTH S, fERIO DNA %
WT GLOLBIETF OB % LIz 25, exonl
IZ adenine 28 1 EHA T 2HHO 7 v — L v
7 VERERFEE L. EHO GLOI ERTF Tl
TV—LAY 7 M ORI N U oFEL,
£E 184 7 3 VO GLOL BMEFITIF 42 7 3
L EHR S TR WAREENRB S iz, %
2T, FERIDOY > 8Bk A HwT GLOL OFH %
HIELEZ S, mRNA, EHEE D ICEEE



674 RS (2011) 113 &7 5

( A) Global P=0.0345
Associated haplotypes € (Global P=0.0149

-
Global P= 0.0247

\
y

£ v c oz 2
T ap= 7 cz = z
=z z z v z v >~
2 v ©
i l l 1 llG.Okb 2 2.4kb 3 15K 4l 0.7k S 4.6kh 6 l
4 b /|—"53 141 68— 90 1430 —
— —— — —— — ————————————

(B)

7 (CONT)
marker two- three- four- five- i seven- eght- nine-
SNP1 SNP1
0.971
SNP2 0.970
SNP4 0.891 0.734
SNP3 067 0.554
0.539 0.561 0.287
SNP4 0.446 0572 0.219
SNP8 0.33s 0.479 0.616 0.161
SNPS 0321 0.538 0.219 0.127
0.241 0.308 0.162 0.126
SNP8 SNPG6 0.230 0.104 0.099
0.103 20042, 20884,
sNe7 20248, 29247,
SNP9 0.273 20149
SNPS 0.282
0.856
SNP9

SNP1 SNP4 SNP& SNP8 SNP9

2 GLOIBETOEFE « MR

DSM-1V THiERERIE & 22Wr S 172 /3 202 B & (@5 i 187 1o DNA 2w, GLOIE{EF D 9SNP & OR#H %
FANTz, 3oONTuy 4 FTHEZBEESS ST, (A) GLOL OER TG L AR ABEE R LIz T uy A 7R

9% SNP O#ipH, BESHEAFM (4) & sliding window 12 & B2\7a ¥ 4 T ().

D50 %EFTIEKTFLTWE (K1), #rR=1tk
EVNI A4 7 — P RILEN LU TEHE T &2 &M
L, KL EY (advanced glycation end
products ; AGEs) %43 5. AGEs WERE T
BZAREEIX [HANVAR= VR ML A LIRIEZ NP,

BEPRI M L BIIRE L O FRIE, HERE,
BG L, OTeCHEIREEIC L 23ECEE b
B3 2, ZVR=VA b REERICE, GLOL
Patice sy 2 Be b, hvR=bt&W &
WAL TAGEs OEHR ZEH#EL, A4 T7—F
KOG 23509 %, fERITIx GLOT #5250 % %
TETLTWw3EZ x5, I AGEs (> b v
YY) BEOLER, BLUAVRVERCEHE
INBZEIZEDEY I BDIETATFHIS
7o, £ T, ERORMIMZ @B LIz L 25,

AGEs IRE 3o 3.7 ficmL, £ 3~
B6 15 HRD 20 % v~z TR L Tz,

IV. FRIIEGIH b —RIEGI~DETT

TEFI TR RFRO 7V —Ly 7 VERICL -
T, GLO1 #2350 %R T 32 &) K& 2k
B b7z 6 STz, —BHERITIE, £V
B IIR IR T 2 o T O S WL RIS FAE T
20T RWhEF 2z, GLOIESDT O MEY
ek 1oz, WERITE 202 B & Fiy - HERO—
B 7-0E 187 B2 VT, 7 —8 R— A2
INTW39 » AT dSNP (single nucleotide

polymorphism) OSEE % L 72, Z OF5HE,
3oDONTus 4 T THEREEZE D (M
2). NTuy A THERY B S ES D SNPT 1X



g SRl 2 SEARFME D TIRRE & AN & T o T 675

5min
incubation
0.5
a - :
3 E0.4 T
§ 503 2
t
ﬁ o 0.2+ "
o
E
Iﬁ 0.14 e
0.0 et ———

QQQ o \,3?\0 ‘é&l‘b
& 45

3 GLO1 % COS-7 fifgic sl FIR S ¥ 7z & & 01
GFP Z @& & ¥ 72 GLOI ® cDNA % COS-7 fl g ~
AL, Hifg %% GFP CRZEWREL T GLO1 EH %
BN UIEM 2 I LTz, AV R= B (X F4 27
FEXY =) LTV Tk v RHEEE OIRINERD & TR
L7z GLO1 & 543 37°CT incubate L, 240 nm O
Bk AREERHE L2, ST 2 o —EZE L TH]
. T27NfsX15; 7V —AY 7 W EHEZ2E - 72 GLO1,
P122L£sX27 ; 7 v — Ay 7 M ERE R 72 GLO1 (AKX
WCRCHEZ L. SR 2 1 RSER. AT I L 0 o 7 v
— ALY 7 N EFEE)

GlulllAlaTh Y, FETIE R AlaD 7 v
WDNRERFIE TR WHEHE TR st (BE S
%, W5 9%). Friz Alalll & T IZ 441
FE3I Nz, @ THRERFEL >z, 22T,
Glulll # & Alalll # @ GLOI ® cDNA i
GFP #@i&L7za > A h 5 27 » % COS-7 i~
AL, WHFEH S GLO1 EH % GFP T
bR L TN LR 2 HIE Lz, 7 DR E,
Glulll 24 X v Alalll & @ GLOL TiF M A&
57z (®3). Xiz, AlakEH#EEEK3HZ ORI
BREHOWTEREELZHIE L L 25, Glu/Gly,
GlwAlaBld & + X W HE I GLOL iEHE»ME T
LT/ (16 %IET, P=0.0003).

50 BIEMEE T 2D 7 v — Ay 7 VERE T

(A (B)

P < .0001

Schizo’phrenia Control Schizo’phrunia Control

4 MEEHTIE IR ORMIMIC B T 5 AGEs &
v 3 B6 JEEE
DSM-IV T &K FE & 20 S 17z B 45 B & (8
IE 61 BIORMMZ H v AGEs (¥ by YY) LES S
YB6 (EV FFH—) RERELL, QMFERY Y
YU, BMIEFE S S > B6EE, k2 o —E8ik
2L CHIH.

Th<, —BIEFC D16 BIEEET % £ 5
Alalll KR EEAENFELET 2 2 05, HEk
FPRE 12 1FIREE 12 AGEs BSERE L T 2 REFIA
CHEET LIRS DL EHF 22, 22T,
AGEs OERERNTH 2 FilRK, BEE, REME
PR EZBRIMEEIC LT, 45 B0 ERHE & 61
BloEENHORMMEZ AT AGEs t E4 3
> B6 ZHIE LIz, % OREE, HEKHE Tt
IO ERBICAGEs BES EH L (P<0.001),
Y S VBOREBERICETL T (P<
0.001) (K4)». AGEs EHEOHEH & B - X
Bt RRELIE 2 A, MEKRIEIZ AGEs EE
CEEICHEEL - (x2=28.69, df=1, P<
0.0001, # v R Fh=25.81, 95% {5 #@ X =
3.515-57.64). £ 3~ B6{ETFOEME L EE -
SR % 2 BRE L 7SR, MAaRTERE Y 3 v
B6 R T EBERICBEEL . (x2=25.90, df=1,
P<0.0001, Odds kt=10.58, 95 % {5 % X [ =
3.942-28.27).

V. & =
LHRRADHRGED» S, GLOLERETIZ 50 %



676

DEME T2 6 THHO 7 Vv —Ly 7 MR
ZEE L. EHITIE, VRV IEERICHEBE
Tez483%k L AGEs 28D 3.7 f5 i L,
ANVKEZNWAARYY v —ThHbHESY I B6D
Mg xRz, MENRKEZEEE T2 b6 7
THREE S EFICBWT, BHER AGEs &8
PEIEL, Ik a sy 47 L T—HRIERNIC
WHTL 46.7 % DEETAGEs EFEE2HO 5 2 &
MTETe RPNV Y UERDY>55.2ng/
mL ; SR OFE+2SD =4 v b A4 7{H). @
SR D HE-—E R TOYREICES T3 Z L 2 FHIL
SHRFERCEH Lz nS 2%, EZERHh LRV
ANVAZREST D ENTER, 2, TOJE
Ble7a by 47 LTEDSZTREER, —RREW]
MOBHNVRZNVA NV RAZREWYIEFHZ D,
130 ng/mL %2 2 2 #HFE % AGEsEHE & 3ng %
TEZ2EEZERESY 2 > B6 KT 20 OmERIX
EIRD 6 BITHEE 72\, AL D ITHRIEZHE L
TYH, HDVRZNVA MLV R%E BRI TREENE
Motz AT, BCK TR OBALOMEE AW T,
DA = =TT 2Ty 74 >
AWTATTH 5. HEROBHEZPIZICB VLT,
2O LER 70 Y = 7 MEOWIEFHEIZESS &
NTELT, BKEOKRMBETFEOETITH L v
OWERTH 2. L L, EFIE TEICHRET 2
CERE->UREEHSMCT S Z LIZAEETH
D, ERALL T VDBRWHOBRIKL D, Fik
JER kAR, RFEAE 7 & 235 2 50 Bk o
1528, X5 I ERREERE b6 LTK
N5, WEKFHE S REE 2N L TEREEETDH
D, SEIFA VRV A b LR RS IS —
TS G—BER2TIE T2 LN TEREHEZ T
5.

50 % &I KRERERETE2b 0T 71—
LAY T INEBROFERODE, 16 %BIEMEET £ »
SWEOEMHET 245 Alalll A EESEZ[E
ELlzZ &b, —BEEFINBRTT 2 WE I EE
RAT TR0l %25, Tikbb, in vitro
L oin vivo DFERMB—FH LIz 2 £ T, —BEEFD
A7 == 7 REMT 2 HMLR DV,

RS (2011) 113 &7 5

AGEs ¥ O G RFHE T 3 2 4 v Ak
25.81 7257z, WG HE DG TTEIE, 2011
4 BEALE, 1008 &Y, 8788 HHEIMKGT &M,
XYY 287 RN F RS, IFEAEDAE v X
oy 1.5 K /NS WRIR L v, B BT
FORHR L NIz & %, AGEs EEOHELINE
NDVAZ 7778 —LTOHSE, EbOT
KEWAJREMEDRB SN S,

stR A & AGEs OINERE T H % FiIRiE, &
fs, RAEMEBIIBRIALTH L, ANVE=ZVR
b VR ERD IER O —E X GLO1 O BRI
MR TN AGEsERICHFLE LI LHE 25 (x2=
7.727 ; df=1;P=0.0054 ; & v X £=5.632).
L»L, 7Vv—2A4¥ 7 ¥ Alalll "R EEGHKE
BOIAEFNE—EBTH Y, L DHNVER=ZIV A b
VA DFERFHEHIIRHTH 5, GLOI #n
TIRZER BRI WERD 5, ZD%OENTCE
BOANVKZNWHEHERKICEEZFELTBY,
FERIED ANV RV A N VA b BEERH
BLHBEMSRIR & N CGRFEEE).

BIEFERER - THERNC OV TIE, AR =
VANV ABFERT & TFAE LI BEMEE 2 &
M, 9 LIHEPNCHEER»SEY FFH I 20D
FRHRE 21T 2 & T, FEERED TEEM A
RHTE%, £/, —THLINEEELS L7V
— AV NEREZFRELTEBY, ZhofEsET
X AGEs EREBRO ooz, ZOHRKHE
TlX, GLOl ODFiEERTH 5 7V F4 >0 High
DMIFFEEDS, FE D EOWRETEDSNTE
D GRFEF), Zhr GLOL DIEMHET 2RME L
THNVKRZIVA bV RAEFIL 72 TREME 2% 2 %
&, FEREEME A 7 EEH O TRERE & LT
VIR ZVIEEREF OFIFEEE I HRET O fififE s &
5.

EYIB6IEEY KRFEH—, Y FFT Y,
EYRFHIonsixd, ALIHHERICHS.
EERNTIEZEY RES—ABZTEAERED, &
EFHHIL-EY S B6 b EY REH—VTH S,
ANRZNVEEEREROOIZE ) FEy 3 o2
JTHY, HIIROEY 2> B6 () FFH—)



g SRl 2 SEARFME D TIRRE & AN & T o T 677

PIRALTYH, MNTEY REH 3 I TT %
ERMETHSE, B, AVEZILVANLVAD
USSR 2N E Y N 39 2 > O —HHIERRER
PEIELI, BESFEREZED T, Zucker fatty
rat CAGEs A N HEFECHE M X 1 HBEAE R
(AUCy_»s) 46 ug s hr/mLY 2ET 2 ) N ¥4
S U SR YE LT, LRSS A EER & Hefi
TH5.

X B

1) Alderson, N.L., Chachich, M.E., Youssef, N.N.,
et al.: The AGE inhibitor pyridoxamine inhibits
lipemia and development of renal and vascular disease
in Zucker obese rats. Kidney Int, 63 ; 2123-2133, 2003

2) Arai, M., Yuzawa, H., Nohara, I., et al.: En-
hanced carbonyl stress in a subpopulation of schizophre-
nia. Arch Gen Psychiatry, 67 ; 589-597, 2010

3) Arolt, V., Lencer, R, Nolte, A., et al.: Eye
tracking dysfunction is a putative phenotypic suscepti-
bility marker of schizophrenia and maps to a locus on

chromosome 6p in families with multiple occurrence of

the disease. Am J Med Genet, 67 ; 564-579, 1996

4) Hwu, H.G., Lin, M.W_, Lee, P.C., et al. : Evalua-
tion of linkage of markers on chromosome 6p with
schizophrenia in Taiwanese families. Am ] Med Genet,
96 ; 74-78, 2000

5) Miyata, T., van Ypersele de Strihou, C., Kurok-
awa, K., et al.: Alterations in nonenzymatic biochemis-
try in uremia: origin and significance of “carbonyl
stress” in long-term uremic complications. Kidney Int,
55; 389-399, 1999

6) Stefansson, H., Ophoff, R.A., Steinberg, S., et
al.: Common variants conferring risk of schizophrenia.
Nature, 460 ; 744-747, 2009

7) Stefansson, H., Rujescu, D., Cichon, S., et al.:
Large recurrent microdeletions associated with schizo-
phrenia. Nature, 455 ; 232-236, 2008

8) SZ gene: http://www.schizophreniaforum.org/
res/sczgene/default.asp

9) Wright, P., Donaldson, P.T., Underhill, J.A., et
al.: Genetic association of the HLA DRBI gene locus
on chromosome 6p21.3 with schizophrenia. Am J Psy-
chiatry, 153 ; 1530-1553, 1996




678 RS (2011) 113 &7 5

Molecular Pathophysiology of Schizophrenia and
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Masanari ITOkKAwWAY*® Makoto ARAIY, Tomoe ICHIKAWAY, Mitsuhiro MIYASHITA™,
Takeo YOSHIKAWA?, Yuji OKAZAKI"®, Toshio MIYATA®

1) Project for Schizophrenia and Affective Disorders Research, Tokyo Metropolitan Institute of Medical Science

2) Laboratory for Molecular Psychiatry, Brain Science Institute, RIKEN

3) Department of Psychiatry, Tokyo Metropolitan Matsuzawa Hospital

4) Center for Translational and Advanced Research on Human Disease, Tohoku University Graduate School
of Medicine

A novel frameshift mutation in glyoxalase 1 (GLOI) gene was detected in a patient with
schizophrenia of a pedigree with multiple affected individuals. The patient carrying the
mutation showed decreased enzymatic activity by 509, 3.7 times high level of advanced
glycation end products (AGEs) that is substrate of GLO1 and 20% of serum vitamin B6
compared to controls. Case-control study of GLOI gene suggested that Ala allele of
GlulllAla was associated with schizophrenia. In vitro study using COS-7 cells transfected
with cDNA of GLOI yielded that enzymatic activity is lower in GLO1 with Alalll than that
of Glulll. The homozygotes of Alalll showed 169 decreased GLO1 activities in RBC as
compared with that of Glulll/Alalll and Glulll/Glulll. Plasma AGEs levels were
significantly high and serum vitamin B6 was significantly low in 45 schizophrenics than that
of 61 control subjects. Supplementation of vitamin B6 to cases with the genetic defect of
GLO1 before onset of psychosis is suggested to be possible strategy for prevention of
schizophrenia until pubertal stage since such mutation carriers could have been exposed by
high level of AGEs for a long time before disease onset.
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