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Abstract

Schizophrenia is severe mental disorder. A genetic study is
thought to be effective to reveal pathophysiology of schizophrenia
since genetic factors are involved in developing the disease. Mo-
lecular biology has been performed to detect etiology of the men-
tal illness. However, genetic studies have not found a causative
mutation from patients with schizophrenia because the psychotic
illness is large heterogeneous syndrome, not homogeueous dis-
ease. Mind is depending upon central nervous systems but is not
equal to the brain. We need to study on not only the brain but
also the mind.

T FC®IC

NZ7aERHEROON U, BINCHMRRHAWTH S, 7<a<&
b, 264EH], HHBEELL THD TEEFELZZ2Z 251, EATITEAN
HBOnaLoRa@nl Tnwiz, &EZ2AM0, 9 FEMFEEELT268, 0
FINICE A LD EHkAFEIT DD BT, ZHEES Tidanhd L/anEE
A TCER.

DFEWEEE, STFL NN EMEREMYL LS ETHEMTH
L. EMBEFEOR L BENESN S FEYFEEERBZ2E L TRESIE
M, WIPEEESE (restriction enzyme) 73 1968 ££17 Hamilton Othanel Smith Cf
E) Ko TRAINZON, TOWMEVEoLDICES. HIBER S,
U WV ABEFOREIRESEZEFE L CDNAZYIK T 28ETHD, M
B ENSREINZ. MEIL BALTERZT 0 LA DDNA ZHIREEE:E
ERWTHWT 2 Z EICX DEREEFNTWS, ZF0%, BTEEOHIER
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FFERLEN, o EWETE NS 2 W THRICHEE 2T 0AE0 LT
k2 iaiggavlge s U TER U0 A0 L/=DNA # R iy~ A L, 1
VIl DT TS LR EA S OERTE S, & A, R
TOMFERTE AN 2l a2 di> T, 799 > XN EEE %
Bragfilu~sg il s w5, Iz, lEic i on s DNAR Yz 8 A LTI
X MEER T 5 22 ko T, MERALE FOMTIRE T
WOIREN I TE S, 29 UREBZ 26T 205 s, NI/sEkha
WODOMENIHIFNDEAEZRL TE. LT, L0 <R o> T,
HNWZOHOREEDFIFICQIEHD-. AETHEH, TOFEREDLD
BHDOTHY, EOLDITHAT UM TELDNESRT 5.

2 FBMHEREBEOERAICOIT

2.1 #EKRE

M OSE VL, ol COR D D, MRS ) &7 s SR A
OO EDTH S, BEM S HFEMITHITCREL, BRI T 5.
MUEHNCE, HEBWRWOICH OEODWEE 2T 5 H NI A5 (4)
)., BHEICIEHDALVWEEZECT, WHnICHELEOPEEZERL T
BIEENES T e G, = EZ0E, TR &R iiE L T
HoolzREL Tha] [7)8—FOBEAN, bHE EKEDKE RS
THL, R7VZESBWEISEHD T, BEOaNRGEEZLTWD] s, HHE
IRTCE<HEMTHEMTHD.

2.2 ERFBIEDEELFHR

KRR 02 PN 5, A RIEICIIERER N5 95 2 &8
XN TE/k, TITC, BHEODNAZWETNEL, FHERSHEHTE S &M
Fra /= 19894F, KE @ David K. Grandy 512k > T, F—/$3 > D2 2%
RO FEADHEHI NS & a3 m T8 O R 2l 2
=, BbxoE, MHRNENT ) LARHMRICZE AL TRA ERIKEETEFHARL
TWEZIATHD. BHEEDFR LD MR Z2ER T, BHEZEELEEZEH
B TR RE L 7.

2.3 FUEMREOESRL F—NID2REME

D2 ZHEMELETORIN NS E, £S5 LT, MEKRIEDER T
DIAE DM THITE, HHERERICBT REEROBEREAED > T
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b &t

D, (HRERMN S I N R—=IN2 20, FiRICH D MR Eo2R
WEREET D EMBEHMIENEE L T FHIVaRET 5. 200, FL2 B
IO I D EE S FBRES, DI NWERU ALK TRETWAEHAET
H 5.

R—X2 UZRIKL, BLETOEWESBEOEMZHEERENS 51
HichEIsnd D1~D5 Z&4K). Chlorpromazine % Haloperidol 72 £ itg
pERE, R—NICD2REFRICHEG LT R-—NI RREERIIT 7 A
TERNWEDIZT S (Hie - HHHE). £5T, EANHET, REEZHEAN
BT TCNLENCEFEEEZRT TREERZT2LD573BETdH5. Chlorpromazine
M, 75 ADAFHEHenri Laborit iIZ & > TIEZAFRERE I N/ DIL 1952 FE D
TETHB U, HERFEDEREZMZZI2IE, BERER ORI
BELNMINS R 72. EAE, ZOHOMNAITI00RIL N DR ER
EHMHEEL T2 T0WNAEZFERLED, 1222 a2 REIZEFEHRL
THEERBICH ST 272 80, MURFORFMHR AR Tl —F iZfTbn
Tz BHRIEE EEZO ADEENES, TWRATT D ITWREL SEU
BiEAD. JZIins 2%, Chlorpromazine OFFEHHBIEANRAINSD &, =F
el <R PICAES0E. L, REPUEERENIECREE
HLEZOD, V0ERETHNBRBN>TEDTHS.

24 VIEWBEEOEADBMELTO R—NIUD2SERK

EDRL, MR OSAERPTEHREOEREMI S LnwEnho/zd
IZ19754ED 2 ETH S, HF 4 @ Philip Seeman DFEMNZ > 725 7.
Seeman 5 DHFEIT LB &, PUEHRIENLIRZHET OICHELREE (7
i) &, PRI E R—NI D2 Z2H/EOEE 1 ZREEE) 24
BAL 7% (B0 1). /=& z13, Haloperidolid 1HIC 3~6mg# 57 5 &4
SN LTS, &2 AN, Chlorpromazine APUIE MRS R 2 RIET 510
13, 1HIZT50~450mg b 59 24080 H 5. Seemantd, Haloperidol 73
Chlorpromazine X 0 105 R—/S3 > D2 SRR EHEE LT VI EICEBRL
/2. D% D, Chlorpromazine [ Z &K &#5G T % J174  Haloperidol @ 10 77 D
LULMDNEWDT, F—=NRI 2 EHE LT B> TZREKEEE S 2121,
Haloperidol D 105 B ORANNE R ZEE2RLEOTH L. =& 213, FH
CEXOKEDZEDDIZ, T4 v HOEINT 1 AF—LVDDPETEDS
LEOREETH 5.
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1% x.«'
- e
— /","
. oy T “chiorpromazine
o
- o
- *&:f‘jf"‘
= B ﬁ,ﬁ,ﬁ“f’/«” ~  clozapine
> o Qﬁ“ﬁ’jx‘f ——g— chlorpromatine
g 0k
g — P molindone
; — -
2 -
Q T
1078— ; haloperidol
i Afluphenazne
B triflupenidod #[3H]Halopendol assay
1071~ +[*H}dopamine assay
sproperndol
Tl T SN U] S N W S W N 1T B S R
1 10 100 1000
mgi’ day

BT <=3 2 D2 S BRI S HU D 1A i R
HEWNE D 2 28R GRS OFMIE (Cs), MM HUE M D 1 BG40 (mg/H) Z2RL T
W, WEEEOMBIRERZR L, SR Q) LD S,

25 F=NIVBRERHED2ZRGOELRTER

Seeman DFER 2 & o PTIT, MEERMETIE R—/NI 0> 7 )b
AERE S T BDI, SESEENTET S E W DR MER SNk
(R=/N2 R, DXD, FUEMRENZAECERT S (F—/X32
S EEEREEND D) LLBPEENEEDL DS, R—/N A D5
EZBEENSDTFIN) BMEEELODBRES TOWSO TRV EHEE
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A &

L7=®7. Grandy D D2 ZEMKE LT OEFIREZZVT T, HEEFEDR
KRB AR R THIZE DRFRICZZ A L= DIE, D KR—)N3 AR D o 7= /n
5Th5. Thbb, BEOZEERTEIBEEETIRSNBVWLD RELT
B DOBENNDH DT, FOEDIZTTFINNRES> TS EREZINTZD
7=

Itokawa 513, FERFAELEZESOF D R—/X2 > D2 ZEMEDELRTHES
ERRATL, 1150 S BETFESNOEL (Z8) 2R ELE. R—/$2 >D2
SRR, 43 EOT 2V BNEES TWS, 1A TIREETEANELL
RER, BLIFEHOY I VB (U ) 2BOT 2 /B GCAT14 ) KEH
L TCTW/z. Arinami 51X, 156 ] OfE & 2LFEE & 300 41 O & 5 X4 i3 T 311 4%
BN ATA VICEBRL TWHEEZRAN, MErFNICERICEE T AT
A DEEDEENSZ N EE2RHBLES

1372 LT, BETORINEDD E, ZREDL T FINNRELITHES T
WD), Itokawa 513, &MY (Chinese Hamster Ovary : CHOMIE) 12
T LU/7ZDNAZEAL, BEZETHASNAEINEANEY V7T &
NED2ZREREREIEZ. 3517, BETHONDIINIBZEHN I ATA
>OD2 SRR EFE ST/ CHOMBEZERL, v 2 BE X 71 8%
BIROMREZRIT LTz, ZORER, £ DR A5 VBT 22 & T,
ZREDUTFINDAT 4w FNF TRV BREIEEEE LD
(ZERAMBABTOERT)® BL3E, JTL—h—0hic< WES%R
7, WEBELLTWVWOEETWS, Thbb, USRI AT BT
GRRF T FINEL L DEFICT B0, R—=/II 2T F)ILDOEEN
ELCENOMERFAEDO ) RN LR UIZEMR LD TH 5.

2.6 &L vrw Xtk

FDH%, BEEIEELETIATA B LA LT L =330 E
AME SN, 4 DDAFEN B3OMXDERERELEDYE, URAIZOHE
HITHREZ DT M, 4DEHTT NI AT VBT B ERE RN
JED U A ZITDIRIN5D &gt =20, AY#TTERINF v X
BIZ13L R0 TH 5. EAIL BEAEFEOERRIBLE
1.0%ThH5. Txbbb, BITAZI0A#ENTLSSE, OS5 1 ATHK
BRFEORBRE WD Z i/ sd. v Xth13&lE, Y HnA5A
B LU AEND 2100 AENTL 5 &, FDO5 5 L3ANKREERFE
DREERFZ L WD BEIRIC/ S, 2T, BENRY ZAZ7EmEDENS T
ULz, ZNT, ARYICRENBEHTERLZESTZA DDA DM,
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2011 4F & LT 1008 FlEA O iz 1 C 8788 il it {1 D 24 (polymorphism;
) HRET S A1287 DAY ENHE T Uiz, EIE, 1ZERTO AT
Fw ZIE 150 Lo O TH 5T s, Kty Lo E T4
{EUNFRE TEBZ WD), TOMMZE - EYEEE B, oM iaT %
MEh it U T ZENRIKNEEZ . DED, R—/V2 D22 FHIKRDLK
WZD3ZEME, EOXRICED D EERE WD X DI0T, s T A )
RS L TWad e, [HonT] 2/REELTNLEZEALOTHS.

.1 &7/ LR

T T, A LHT (GWAS: Genome-Wide Association Study) 7375 % &
7=, GWAS &3, & TOHEMET Ricd 52814072 50 1 o Pl BV F 20158
ThbH, T AF w7 B @SB T hd A % [ E L 72 DNA T 7
(v my L) SRS, BB O DNA & 1A % /2 T50 75 4 Filv
ORI T T E DN A GWAS Al fie & L7=D 7. T EW
FHEEBE, Zhies [HEOoMET] 2REST LD oN5S/Z5
S EME U NN TR U RO 6 ianin s, #ESEIC - /21
HBme Z—N—02>Ea—Y THDITEHETAHLEHI RO TH 5.

W e HE THIY T O GWAS L, Stefansson 5 12 - T 2008 4F 12 Nature
ICFEF IS Stefansson H UL, B G AR TRIE 1,433 1] & (il ot HEGE 33,250 4]
ZHWTCH0 0T T OB FAELERE Uiz, 2 THRBEMEL T
ZFREITCE P MERRT 2721, B DR 3,285 4] & GHE 7,951 4 & JH W T
L7z, LI, T OBAL OB E = W TE0 1 D R T E D
GWAS 20 R LA B3iEs S fz. & 2 A8, S deiiliE & B3 R S /-
WA T2y XL, T THI5HIBIEND o =07, o1
Fimbld, BERORDENDESZDTHS.

3 MEKBENZERATEIZNON

3.1 RE (B LAERE R

SFEYF TR, SENHEXFIITHNOT, DUBHESROHIAZIRD
RO 7=, INA TRV TR ST D B AV R EE A2 O R 2FITH,
Karl Jaspers & Kurt Schneider 23V %. 28 & $HIE, Jaspers & Schneider 12
K DR MEE O RS S B A (Hierarchieregel) 75, ERIEE O/ E AT D
WTHUES EASE, EHREECIREEHA TRV ONS 5 &L
7o, R R &3, MOBEICRRENSSHDTHS. =&AL, KA
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i el

PRETESDRETTIE, MIBEENG D (RE) LIZE AR, BN
BT D&, EANRSTIDTIN, HH2VEHLWEANREDODNS I &
THARELES DIIHEERTS. Tabb, KB (R ER (E5D) o, .

K ERDBEBRMNEILL TWb. —F, RENEoNTTEULID DRET
HoTH, ToOBEFERARELZICHEL S TE2HEENTY, FILWLAEA
MHBELTH—MICEEINERE L/2WEE, (KR EEROBICHE & RO
RN L7 W E W9 5. Jaspersld, Z O L7-REEZR [AVEREOEK
HEREOUIN ] ST, RENSHEOH D DEFEMIC [ THEARE] &L,
INEEROFMEEREL .

Jaspers DEERZ P FAEMFICHRT AL, UTOXIOIRCEVWHASN
HIEAD., RIWTHELS [EETIEHZW, #I5D01F, a2 a—4—nkl
EVRDIANTH LTS DEWSEEREHZLTHD, 7075 L08E
FElEEZ NN, —F, @A Th—mICkEZ BTN DR
B, a1 —Ug ) VARERLTTO7 I NEEHZSNTL
FoNXvVa okDIT, HVMICERERSZEGL TWARETHS. O
75 A EINICE S B AUIHRERETH D, HREEIIITEEND S
DTHLD DEIR ETHREMNREE /2 5.

3.2 fEfRB* L L TDAIDS

HERGIE, RRICEERNHESN DD E (), BHohEkoThiand
O FEE) =HVT, BEMNEBRHEIEITINA I EE2ERL TWD. EEHS
W, BEOEIRDSFRICHA T 5RBIEEN S, Thoa0EE LR L
THHRETHS. 7=EAE, 1981FEICT AU A THEREERICHU Zih
Kz tE D RBE T PHE I N, BREREANSEER (AIDS) &4AFT 5N
To. 0T, ZHESIMAREE TORROERNSHREEN, IRCAERE
HRAIND. ZOLDI, ERBIEITEICI D THENELET 5. B
HEETHENEES ELETHo7ZD, WY RS RES NN R
DENRIABETH 70T 5. PEIL, 19834FICD N, JNAY — LIS
FIT @ Luc Montagnie & Francoise Barré-Sinoussi 512 &5 T, b MRELRE
T4V HIY) BRREINEZN6EY. ZoREEZEI, EER GERD) 2
HIVEHRE E WO ER () I8k L0 Th 5. KR (@) SRR SHE
RNELHH—BEETHS. HLET, HIVEETH 20hENBMbN,
BHERMEEETHL), N MROERIEES THEBOR5. HE
WM, HIVICHT 217 ¢ W AZEDH G L7325, AIDSIEHIV EGYE (FE)
LT B ETEGREAOWERE TS, RREZENE U EEEENT
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fEllso/mDOTH5D
3.3 SEMEEEE U COMAE LA

HARSOEFRICU D &, A JaE e e GEAD Th - THEE
(Fl) TldlaWZ &b, e, AIDS 2 E 76T 2 e Bk A % ¢
HoOZETH -0 EBT L L9517, #iE90E ® Kraepelin, Bleuler,
Schneider & EFIZ L > THR EBDIERPPENLIZDTH S, M mV
IR T A OIEFFERIN T, 30, gl 2 5 Er s
Th@ﬁu%ﬁ?%i&@,ﬁyfwwﬁwﬁﬁr%ﬁ&?%;éﬁbﬁﬂ
51T VD TILRWEA D, BEOBRERNE S N AREGER S, W UK
OB R TENERE Ay OB THAE DN L0 6 LN
W Ala< s, A BIFRNOERZREES G/ EET > TIVEILKT N
W, BALFEENBENITITBHL &> CTNS sty Lo a1 LR
CTERWD TR,

TIC, by A T En S EE AR A R o F i A <D
T WS AEFE L =, F ORI S BB A FE L, FNA50E
T DS CTHAT UL, Pl NS IR & LT
BHons/=A5. T, EH90->TT70 MY A T2FERLESINWEAS D).

A7k S BN, Jaspers-Schneider OB EIF R 2 4 DDJEIC £ L b7z (42)°.
EIRURBOES DL, B 1EICRNT 5, MIES T UL, U
TFPEEETAEU =D DIREEITE 4 IS T3 ES. s &WD%HET
W IR IR 23 8 2 9 £R T, %W%WQ@Hi@ﬁ@ﬁ%?%.%bf o
1%&%4&@@mKKWI&mm TREE, BTV 2 BicA s
A BdE L, Q/\-~~aUﬂ®£T®WDI£K§§ IZHE B JSRE 2 EFE L 2.

B D& i SRR YRR
F1E | DEEEMEE | migEns | ERE-ERTEL | AL
2R AAEE | g s
gam | DRERRES oo s ae | mEsmasng) | Deon®
BAE | MEMBEEE | EEGS | KR HY

3 2 Jaspers-Schneider D& 5748

EHRCROEVWE1IENPSROEVE 4 FETHELORIZRL THhad, FREOREIRWE
DERETRT I ENH LM, o3, ERICIE LB Lod0HDmD | ERH N,
DREEEOE I, MRS, N—VFU T \BE2E0. 0K 9 LDEENBLEL T,
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B &

TaODL, MERFEZRIICHE S NDOERDERBEZOTHS. T
T, RO BLBITENEIE, HE5VEE2EMSRDAENEIE
ZRD LT, K0EPFENFEROREWREGRMEZ 7O T A TELT
FATEDERAAE.

34 AINKRZIAKRLR

Arai 513, HMERAEDOLRERDREEGN S, TIVRZIVA L AD
REEER Th 5 Glyoxalase LICERHEEZ PRI T 2B TFEEZREL
fo. WERE NI EPREE AT ARAEIE L EEEINDS. HIVERZIV A
N A&, B LSRRG THET L2 S SI0ET SR LE
¥ (AGEs: Advanced Glycation End-products) 23%fE L /= IREEZET. HEERA
PG OHE OBEERSEFIRECORERTFE LT, HIIVRZIVA N L AEN
BIHEE TRERAICHIZE SN TWED, BER TR ToFERE>. H%iE
I TIEIMEEAGESs MERED AEZ L NIV ETERELTRD, AGEs DEHE
HZFEDOESY IV BMWIERED20% L FETHIBL T,

Kz, —RIEG ZFNR-E 25, Glyoxalase 1O 111EFEHD Y I VB (T
IV MPOTI VB (TIZ) KEBRL TWAEFMNEE /7.
7 5 =2 OIERI T Glyoxalase 1 DIEMEDI20% /X T U AGEs @ E I EFH L
TWABZENHBAL =, 2O, EEMET LAE—BRESNOEENS, HILR
ZIVA B VAR REFICHDEBITTESL EFEZONE. I T, bHOHKRE
JeFE & 61 B DO B2, aliiiE CERICAGEs M ERL, B4
SUBMMETFLTWAZ ENRHEI N (MY AGEsEREICL ek
FRE DA v AHIE258, E¥ I UBETICE B4 w A iF 105 EEH I
7. o<, HILVRZIVA R LA EWD IR —a/NMEFT, 15%18
ABHAy ALNEHTEZDOTH 5.

Kz, Itokawa Blid, HNVHRZIVA NV ADRBEBEMAZ B DOEERE Y 3
> B (pyridoxamine) ZHW TEMIFERRZIT o772, 1082 HRE LR
BB TIZD 50, AGEs DK T LERREROUEZRL 2HBRE 278D
7. :

3.5 MEMEEICRASKKELLTORSRFEHAR

fEH & D AGEs D 19fE+ 2SD =77y bA T {#E (55.2ng/ml) EEET D &,
W E RERIE D 46.7% NAGEs BEGE & 72 5. 7272 L, AGEs %3130ng/mL
Z BESHEEFMIIEED6.78ITImMERN o 7.

SRL O EHETIIF % 6ng/mL, LM dng/mL 2 FEIS EESY I 2B M &7%
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P < .0001 P < .0001

300~ '

2704 o1
= 240+
T 210+
C
- 180+ o *2
£ 150+ %3
ki 0
‘w 120+
=] o4
,%, 90~ oo 994
n 604 8 o

30+ m{,

0 T T 5 L - Y
Schizophrenia Control Schizophrenia Control

B3 e e S RO B S AGEs & E Y 3 2 B E
Pentosidine 13 AGEs @ 7h& D, Pyridoxal i3 £ 4 2 > By (k4. Pyridoxamine 2371 ViR =V 2 b b
A D E I & R - T D DSEN TR RGE O 720, KGR O 72 O8RS i = 17z,
SR (1D 2D ESH,

D, FEBIERDIITETTIRTESY 2 VB MU N L Tz, 7272, Bk
H3ng/mL & FEDE L WEY I > Bhliigid 24.4% 10 & EF - 7z,

ZZTC, AGESHEEESY 2 VB FOHEL 72D 16.7% 72> 7= &5
WS TR B, 9/ B AGEs 28 130ng/mL & A, [RIEFIC E Y 2 2 Bg/d
3ng/mL7Z FE S /=016 % L Wisin-o 7z,

L, ZRERORIGE LEAIDS, TO6XICHEENTWEZDTHS.
BHh, ZHFREVIELBITENESBOEFZENIILEZIET,
Glyoxalase 1DIFEZE 0% X F S 2 M in rARZRE TE, WHER
AGESHEMBEEY I VBT 2RI I ENHREZDTHS. LT, 20%
EMER T T2 1IFRNY 22 @ U 7R O R E 2 C—EF =T
Bz Z&ET, 167%ICHIVRZIV A R LA & WD R — ek %
boEBERNTIENTERZEEZ S, Arai 5 OFERIL, MERFEZ
EGHOEEMITLIAWT, ERLLUTHRPICHkAZID TORALEA
5. HIVEGHENEEZEE UIRENHIVOPLY 1 )L AKZo k912, b
RV A B L 21 2 28917 pyridoxamine D EMI X EEBREZERTEEOH
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REBMIIEDORMRELE R S,
4 BREEELELTORMDERA

4.1 B&EOIEERCH

SEBISEHED, BOGWEF > THFICHA BRELTEESSITO
M2 DR, E/EREKL2DFI0THS. Bi, ZOFEFEBELCTH
RN, WMRICEBBUEBRIEEZE U TICURARLEZET S, DT Y
HRETNCERZ DTN, DIISE/EB LD Z &N TERL B> MK
RIEZELC D &, EEMELCSNAL D EEDEEZEAD E, DIEMICHK
BELTWSEEZSNE LNGWN., TR, ODIENMERUEDEAD .

Frank Jackson 3D I L >R EWVND BEERERNTNEE [AT U—
ZEEDOREETHS. B3, HEADAXRT MVICDWTOMHE, BF
HIREIZEE D 5 #R I S RRAEYZOHEIIE TH>Tnwa, L, HLi
BOEDEIEIENS o . HHBAROBRICNE. BRI —E b ZOH
BEHEZENERL, ADODVWEDDE—EDREZIENEN> S
Jacksonid, HEMERTEL TWHEYFENHR L L, BE2HD EWDKER
MERIZE—TlAWwWI E2ERLEID &L

42 BIZ5EVWOERIIEEGERELIFALCL

JacksonDED L BB LERLIZKWDT, BIOBREREZ2EZ T
Bl B—=Y7 ) bORIEMEERZFENT, ELWERAIZD > ED EEU
HDILTHB. ELWEBEEZARET AEEIL, REZJBORBNEIZNL
THEZREI S 2HHRITHBES. SBEORENIE/NFIZEDD, B/NO
RENINEOREOU >N EEDYE, TNNBREFICEBRINTRKD
FEEEREAREL THREIZSETTS. 9abb, NAFY 2 ORED, SUE
— @R — B/E > EKEENEEHBEINHOBENEERZEOND. ELNE
BEE S EWDERERIT, SEMNSHNEZRTRMEE ETESIEERLIRD
ENDOEDTHBRIFEHRIT AT, BEMREREKICKET 2. Tl
CELVLHAZES EWORED, BEMERIREFAUTHLEE>TLES
TENWDEA DD,

T, ERICE/NGZRELEHEOBEZEHL TAHATIZL W,
AFENTHLG—EHEZ2EWE I ENR0IT, FINTATE/NE Z2HEDA
niZEL LD, i, IO TE—YT7IL NOFERNEEZFENTEHSS.
EBEMME—YTIL MEENTND & E-RMREBERIETE L TS AR

24



Gl FHUIEN, EENTHE EHE 2BV &R R
@#%Ft%@%,értm% 13720 TC, Fiizb &l DHNWET, EL WG
RN TNDRBERRC/ZA S, ELNWHE a%<%uﬁW%ﬁ T
M%@%%WﬁﬁfﬂwAﬁtaufﬁﬁ@f%'” Ze TR I TR U 72
W/EAS), FRRGIE, WMAEKRULZEEESTEAD. A OKRERD R
RAREREELL E DI Tdh S U 5N 5706, 6o S EMI7s RS 2 T
T?ﬁﬁ%ﬁébééﬁﬁﬁu@é &ﬁ,%%ﬂﬁ i d 21 28 TIA
Ul TlWESABWEAD I . IR JEEE B T & D TS
mzF&LVjﬁﬁh»ﬁ?fiéﬁ%TLff@tsL@: ZIRNTEA D,

4.3 HIEERIR

TG AR RE DR 2 IR EEN B 17O O TCld/e <, HINEE U TH A DIE#E
DFEBEPENR Th 5. EIRIEER S, B REREWE T sl s
JERRIE ORI IEE. B A Ik o b Ty S5 72012, B OPERE R
EOFAL, AIRBEEZET S 2 ETHREORE R EL IS,

2 4018 D 55 VER 7 4 FRE RE 01 O AR I il PR 2 Wy 7= A A& i L 7=,
ML, EHOENMCHRE L TABBESSLE S5 Tz %f%f ="
@% BYED AR 285t Uz, B3 208 CHE L R a ol LTk

TCERWEE, FEOWZmMEEFERL TWD I E00ho /. %&_
10568 VDB N Nz, BideriEEs L, FEEFnTuwz EAKKRDS
& RS T A EN TR OB EEFRTweE, T5&, ERNEER
7o S EINTRWIE ERPE A S W A A, ki aEoll L, BEEERKIC
HITF Tz, INEREEBIL BHELTARLTETWEZDTHS.

AR R ICH T &, SRR AKD T EMET SN, T OXROIE A I
Db EEFFRES, BIERO T EZVITIRRTIFELWL., BRI AEEZE N
AP EFEB L TS o TWAHBENTT, BRIz L L THS S
DESLUEDZENTETNVET. BHIA, E9HH0DNESTITNET
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Accumulating evidence suggests that advanced glycation
end products, generated as a consequence of facilitated
carbonyl stress, are implicated in the development of a
variety of diseases. These diseases include neurodegenera-
tive ilinesses, such as Alzheimer disease. Pyridoxamine is
one of the 3 forms of vitamin B6, and it acts by combat-
ing carbonyl stress and inhibiting the formation of AGEs.
Depletion of pyridexamine due to enhanced carbonyl stress
eventually leads to a decrease in the other forms of vita-
min B6, namely pyridoxal and pyridoxine. We previously
reported that higher levels of plasma pentosidine, a well-
known biomarker for advanced glycation end products, and
decreased serum pyridoxal levels were found in a subpopu-
Iation of schizophrenic patients. However, there is as yet no
clinical characterization of this subset of schizophrenia. In
this study, we found that these patients shared many clini-
cal features with treatment-resistant schizophrenia. These
include a higher proportion of inpatients, low educational
status, longer durations of hospitalization, and higher
doses of antipsychotic medication, compared with patients
without carbonyl stress. Interestingly, psychopathological
symptoms showed a tendency towards negative associa-
tion with serum vitamin B6 levels. Our results support the
idea that treatment regimes reducing carbonyl stress, such
as supplementation of pyridoxamine, could provide novel
therapeutic benefits for this subgroup of patients.

Key words: carbonyl stress/pentosidine/vitamin B6/
treatment-resistant schizophrenia/clinical features

Introduction

Schizophrenia is a debilitating disorder characterized
with positive symptoms, such as auditory hallucina-
tions and persecutive delusions, and negative symptoms,

including emotional withdrawal and blunted affects. The
lifetime prevalence is estimated at approximately 1%, and
the onset of disease frequently occurs in early adulthood,
making appropriate biological treatment and adequate
psychosocial support essential to achieve and maintain a
recovery. Although many studies have attempted to clar-
ify the underlying disease mechanisms, the main cause
and pathophysiology of schizophrenia remains unclear.

Carbonyl stress is an abnormal metabolic state, result-
ing from either an increased production of reactive
carbonyl compounds (RCOs) through the oxidation of
carbohydrates or by decreased detoxification of RCOs.'*
Advanced glycation end products are generated as a con-
sequence of facilitated carbonyl stress, and numerous
experimental studies in animals and humans implicate
increased advanced glycation end products in a variety of
illnesses, including diabetes mellitus (DM), chronic kid-
ney disease, cardiovascular diseases, and Alzheimer’s dis-
ease.” ° Pyridoxamine, a form of vitamin B6, is capable of
scavenging some RCOs, thereby inhibiting the formation
of advanced glycation end products and alleviating ensu-
ing unfavorable physiological effects. The other forms of
vitamin B6, pyridoxine and pyridoxal, lack this therapeu-
tic benefit, and exhaustion of pyridoxamine eventually
leads to a decrease in these compounds.

We previously reported enhanced carbonyl stress as a
feature in a subpopulation of schizophrenics.” We noted a
1.7-fold higher mean plasma concentration of pentosidine,
a well-known biomarker for advanced glycation end prod-
ucts, and significantly decreased mean serum pyridoxal
levels in 45 schizophrenics, compared with 61 control
subjects.” However, to date, no studies have evaluated the
clinical features of schizophrenics showing enhanced car-
bonyl stress. In this study, we investigated the clinical char-
acteristics of this cohort and also assessed the association

& The Author 2013. Published by Oxford University Press on behalf of the Maryland Psychiatric Research Center. All rights reserved.
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between the biomarkers, pentosidine and pyridoxal with
psychopathological symptoms, evaluated using the Positive
and Negative Syndrome Scale (PANSS). Characterizing
the disease using candidate biomarkers is an effective
approach for defining a relatively homogenous subpopu-
lation from the heterogeneous schizophrenic population.
In addition, clarifying clinical features specific to this sub-
group of schizophrenics advances research into developing
tailor-made medications suitable for these patients.

Material and Methods
Subjects

Patients, including 157 with schizophrenia and 6 with
schizoaffective disorder, were diagnosed according to
Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV). Diagnoses were made by
at least 2 experienced psychiatrists. Patients with DM
(hemoglobin Alc [HbAlc] 2 5.9), renal dysfunction
(creatinine > 1.04 mg/dl for men and > 0.79 mg/dl for
women or estimated glomerular filtration rate [eGFR] <
60.0 ml/min), Behcet’s disease, and chronic viral hepatitis
type C were excluded from this study as these diseases
are known to increase plasma pentosidine levels. Patients
with a history of carcinoma within 1 year prior to blood
sampling were also excluded for the same reason. Only 3
patients presented with acute exacerbation of symptoms
at the time of blood sampling, whereas all other patients
were in a chronic, stable state (see table 1). The schizo-
phrenic subjects were divided into 4 groups according to
their levels of the 2 enhanced carbonyl stress biomark-
ers; pentosidine and pyridoxal. The cutoff point for high
plasma pentosidine levels was set at 62.9ng/ml, namely,
the mean + 2 SDs of healthy controls, as determined
in a previous report.® Values under this threshold were
defined as normal. Because serum pyridoxamine and pyr-
idoxine were predictably under detection levels, we used
serum pyridoxal levels as representative of serum vitamin
B6. Decreased levels of serum vitamin B6 were defined
as under 6ng/ml in male subjects and under 4ng/ml in
female subjects. Likewise, low and normal pyridoxal
levels were defined according to the cutoff point. The
4 groups were composed of a normal group (group 1),
consisting of normal pentosidine and normal pyridoxal
levels (28 males and 39 females), a low-pyridoxal group
(group 2) with normal pentosidine and low pyridoxal (26
males and 7 females), a high-pentosidine group (group
3) with high pentosidine and normal pyridoxal (16 males
and 21 females), and finally a group with enhanced car-
bonyl stress (group 4), showing high pentosidine and low
pyridoxal levels (17 males and 9 females).

Measurement of Pentosidine and Vitamin B6

Fresh plasma and serum samples were obtained
from all patients. Pentosidine was determined by
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high-performance liquid chromatography, as described
previously.” In brief, plasma samples were lyophilized
and hydrolyzed in 100 pl of 6 NV hydrochloric acid for 16 h,
at 110°C under nitrogen. Samples were then neutralized
with 100 pl of 5N sodium hydroxide and 200 ul of 0.5M
sodium phosphate buffer (pH 7.4), filtered through a
0.5-pm filter, and finally diluted with phosphate-buffered
saline. A sample corresponding to 25 pg of protein was
injected into a high-performance liquid chromatog-
raphy system and fractionated on a C18 reverse-phase
column. Effluent was monitored at excitation-emission
wavelengths of 335/385nm using a fluorescence detector
(RF-10A; Shimadzu). Synthetic pentosidine was used to
obtain a standard curve. The 3 forms of vitamin B6—
pyridoxine, pyridoxal, and pyridoxamine—were mea-
sured from serum samples using high-performance liquid
chromatography, according to a previously described
method." Other parameters (glycohemoglobin AIC and
creatinine,) were measured from blood samples. The
GFR was estimated using the abbreviated Modification
of Diet in Renal Diseases study equation.

Glyoxalase 1 Genotyping and Enzymatic Assay

We previously reported marked reductions (40%~50%)
in glyoxalase 1 (GLOI) enzymatic activity in individu-
als carrying heterozygous frameshift mutations and that
homozygous Alalll carriers also exhibited significantly
decreased enzymatic activity (an approximately 20%
reduction) compared with homozygous Glulll carriers
in the schizophrenic group. In this study, we genotyped
GLO1 mutations and measured GLO1 enzymatic activity
using previously described methods® to evaluate possible
effects on plasma pentosidine levels.

Clinical Assessments

At the time of blood sample collection, we also assessed
clinical variables such as inpatient or outpatient status,
cigarette smoking status, alcohol consumption, family
history, duration of education, onset of disease, dura-
tions of disease, and hospitalization, by conducting face-
to-face interviews. This information was cross-referenced
with medical records. The daily dose of antipsychotic
medication was obtained from medical records and con-
verted to chlorpromazine equivalents for each patient.
The onset of disease was defined as the time point when
clinical symptoms meeting DSM-IV diagnostic crite-
ria first emerged. Having a family history of psychiatric
disease was defined as having a first- or second-degree
relative who had received any kind of psychiatric inter-
vention. In the case of patients with multiple hospitaliza-
tions, the total duration of hospitalization was calculated
as the sum total years of treatment in a psychiatric ward.
Of the schizophrenic subjects, the symptom severity of
49 patients who agreed to being interviewed was assessed
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Table 1. Clinical Features of Schizophrenics With and Without Carbonyl Stress

Normal Pentosidine

High Pentosidine

Normal Pyridoxal

Low Pyridoxal

Normal Pyridoxal

Low Pyridoxal

Antipsychotics (mg/day; CP equivalent)

773.8£652.4

931.8£677.2 (1.20)

1162.9+810.7 (1.50)*

Group 1 Group 2 (Fold Change) Group 3 (Fold Change) Group 4 (Fold Change)
Number of subjects 67 33 37 26
Demographics
Schizoaffective/schizophrenia 3/64 0/33 (N/A) 1/36 (0.60) 2/24 (1.72)
Pentosidine (ng/ml) 41.5+11.6 39.4+10.8 (0.95) 127.3+98.3 (3.07)*** 123.0.£85.6 (2.97)***
Pyridoxal (ng/ml) 95457 3.4+1.1(0.36)%** 7.9+3.2(0.83) 3.4+1.0 (0.36)%**
Age 46.91+14.7 48.2+12.6 (1.03) 49.4+10.5(1.05) 51.4+11.7 (1.10)
Sex (male/female) 28/39 26/7 (1.89)** 16/21 (1.03) 17/9 (1.56)
HbAIC 50£0.3 5.0%0.3 (1.00) 5.0%0.2 (1.00) 5.0+0.4 (1.00)"
eGFR (ml/min) 83.9+13.8 87.6114.4(1.04) 81.4+12.2(0.97) 86.31+15.4 (1.03)
Cigarette smoking (+/—)" 20/46 18/15 (1.80)* 9/28 (0.80) 11/15 (1.40)
Alcohol consumption (+/—) 17145 6/26 (0.68) 4/29 (0.44) 3/23 (0.42)
GLO1 genotype
Wild type/mutant type 59/8 25/8 (0.86) 29/8 (0.89) 24/2 (1.05)
GlulliAla i 8 8 0
AlalllAla 1 0 0 1
Frameshift (T27NfsX15) 0 0 0 1
GLO! enzymatic activity (mU/10° RBC) 7.06£0.77 7.03£0.99 (1.00) 6.84+0.88 (0.97)" 6.3210.97 (0.90)"**
Clinical variables
Acute exacerbation/chronic state 0/67 2/31 (N/A) 1/36 (N/A) 0/26 (N/A)
Inpatients/outpatients 16/51 13/20 (1.65) 23/14 (2.60)** 21/5:(3.38)kr*
Family history (+/-) 26/41 9/24 (0.70) 16/21 (1.11) 8/18 (0.79)
Education duration (y) 13.0+2.6 13.3+£2.3(1.02) 12.3+3.0 (0.94) 11.7+2.6 (0.90)*
Onset (y) 25.6+8.6 24.7+7.4 (0.96) 24.1%8.0(0.94) 25.0+10.8 (0.98)
Disease duration (y) 21.3+14.1 23.5+15.0(1.10) 25.3%£11.7(1.19) 26.4+15.5(1.24)
Number of hospitalizations 3.0x3.0 3.1+£2.8(1.04) 42+3.5(1.39) 45+48(1.49)
Hospitalization duration (y) 42192 7.7£12.9(1.85) 8.7+10.2 (2.08)* 17.4+£16.9 (4.17)**

1143.91743.6 (1.48)*

L Jo ¢ 38eq

Note: HbA l¢, hemoglobin Alc; eGFR, estimated glomerular filtration rate; GLOI, glyoxalase 1; CP, chlorpromazine; N/A, not applicable. Cutofl point for high plasma
pentosidine levels = 62.9 ng/ml (the mean + 2 SDs of healthy controls). Low pyridoxal levels: <6 ng/ml (male) and <4 ng/ml (female). Fold change (FC) = relative ratec (RR)
defined in group 1 as 1.00. For categorical variables, FC was calculated as follows: RR in groups 2-4/RR in group I.

We conducted unpaired 7 test in comparison of groups 2-4 with group 1, ANCOVA (vs group 1, covariate = age), and Fisher’s Exact test for categorical variables.
sANCOVA (vs groupl, covariate = age).

Lack of data for 1 patient in group 1.

‘Lack of data for 5, 1, and 4 patients in groups 1, 2, and 3, respectively.

*P < .05 (vs group 1), #*P < .001(vs group 1), ***P < .0001(vs group 1).
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