(http://unstats. un. org/unsd/methods/m49/m
49regin. htm) ZHt> 7=,

(2) in vitroFHMERZA WL, 7==bA
EEBEHEICET 2 BETZEFEORT

KL THETNEYIL, BEOFEZE A
ERE LTHREERhTWA T == b e LT,
UC CERMLESALEDIBERT A Y b —T7H
£ (HR) »bEALRL, £ b7 1l P50 4y
FREOZVNRIEERBE LTI/ 0 Y — LHSy,
b MiFHBEO I 7 1Y —AE4 (CYP209 BL Y
CYP2C19 D EMETFRMNEHR) . B LU NADPH
regenerating system {%. H 4= BD Gentest £ (3&
R) XVEALE,

ToBEARTIE, 0.2 mM 7==hFA 2 (111
KBq). NADPH regenerating system Z&3r0.1 M
U CERBETR (pH 7.4) % 37°CT 5 4NE.
vy —LESEMZ, BEE, 37°CT60 4
A vFaX—hrL7E, K, 100,000 x ¢
T 60 off] (4°C) BLL. ZOIRENDS & Lo
7GR LT, SDS-PAGE %17 - 7=, EBXIKE)
% D7)V % PVDF EIZER B 14 | FE PRI A
71— b (BAS-MS2040 ¥ 7~ 1% BAS-TR2040, GE
Healthcare #t, FI) ~DEFEFTV >, BAS2500
I THRAEY 21T o7,

(frEEm TOEE)

AWFFED DB, WILAEIC L DT VIVEERE
B LTt 24 LR, 75 in vitrodf
BRICE LTI, RO MFEDI 7 2 Y —
AESERNENS, A7+ —bFarkr b
EEALTERSWZEY 2R B Tthr %
HEREEEZESTREIN TS LOTH
V., REBEEEZBSOF - RARIITETH-
7o

C. WFEREER

(1) FERYBREERTTOBESZEICE
JBT VIVEEDREE
1. Ccrr2464 (K1)

CYP2A6 IX, IBARKIT A7 —N, TrvHE—
BHEEEY 7 Fe -1V EOREICEL BS
ThHh, ZOZHEDS> B, &REIEO* 41X, #iT
BAFNIT T 7 — N OFZEIET & OEERRER
ShTwa,

BAANIZBIT D CYP246°4 D MAF 23 0. 200 T
S0l L, BEATIX 0.110, FEA (B
BfE) TiX0.086 THY, HEAAEFEADM
T, BRELEEEN FozE (0.114) B30 5
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iz,

— 77, BRIN D 2 Hitsgk (V6 - B9) D *4AEEEIL 0. 036
~0.038 THY ., BRMNHIMAICE T B EXE[ELL
LoEEZIRD R0,

P> T, CYP2A6°4 1%, 7 VT HURN (AR
LHFERE) KRBWT, BE LEEREU L2
2GR E (2.32 £%2) OERHY ., BRMNHIEAND
HEZLERLT, REENRENWEEZLN
770

9. CYP2B6*4, *5, *6, *18

CYP2B6 [d, =A XIBRIE=T7 7 L YR,
FRAFI 7 aFA7 7 I NEORBFICE ST
5, ELELEzbELTEAE L LT, 4
[785A>G (Lys262Arg) . 1&ME_E&H], *5 [1459COT
(Arg487Cys) . EHEIXIETI, *6 [5166>T
(G1nl172His) BN 785A>G (Lys262Arg) . &K
T2 5 TNT*18 [983T>C (11e328Thr) | FEVEIE
FTIBRmM SR TEY | FFT*6 13 HIV IHEE D
BELRLOBEIZOVWTOEL OHENRD B,

BRERAZBIT A A NT XA 7D VAF X
0.082 TH V., BE A (MAF=0.058), FEA (E
RHE, 0.072), ABA (BRI, 0.124) L0
2, EREU EOEEZIIRD bR o7,
FE6 T B A TITBNTH, BHARAD MAF
2% 0.180 THBHDOIZH L, BMEAT 0.137, H
EAT0.201, BEATO0.158 &, WFhbE
BELDNTh-o, BB, 5 "Tr&A47DR
AANBEEX, 0.011 THY, fORT7TVTHE
BRICBWTHEERIEFICTES (MAF=0. 00~
0.018), BREZIIRO LN ahot, T, *I18
WOWTiE, BRAROGET VTHEREICBY
THRE STV,

RRM 3 Hulsk (W - 7 - k) P TIE, *4 (MAF=0. 022
~0.061) & *6 (MAF=0.217~0.282) DAEEEZEIL
BN oT, BN 3 HlkiZ B 5 %5 D8
B (MAF=0. 109~0. 122) 23\ TC, E¥EED E
DEEEZILR B2 dro 1o S, F D MAF 13,
AARAD 10 ETHoT-, 2B, *181ZDO0
T, B THBEH I TV,

THHDFEREID, BAACMOERT VTR
REIT, 4 BOBBESH COEEEZEIRD LN
ot

3. FM03
FMO3 1E. JFIZ7u Y —AENICERRL, &%
R, EMEBEEES (HE - -EFEEX)F 7,
FEEERY a7 —1E) o N-, S-BRLEG
ZBHh 5, BAANCHERNZ S AR BIEEHE
T2 bbb THESLE &L T, 47260A
(6lul58Lys) BT} 923A>G (Glu308Gly) A3 D .



AV U F IR D RGIRENRIZIR S OBED
wWEINTW3B,

AAAND Fo3 4726>A (Glul58Lys) 8 L}
923A>G (Glu308Gly) EEEIL., TN Fh 0.234
BLK0.204 THY, HEA MAF=0.185 B X
V0. 174)  FEA (BEEE, 0.237 B LT 0. 165)
LOEIT, RELZEBEU LOZEITRO LN
Do T,

—J7. BRI 3 Huik (¥ - B - db) TiX, 472604
(Glulb8Lys) I L T} 923A>G (Glu308Gly) & H iz
HU N CEEFEL EOEEEZERR/BO b, T
72 b b, 47260A (Glulb8Lys) T ik . ik

(MAF=0. 435) &7 (0.285) HulEfE < 0.150 ©
228, 923A>G (G1u308Gly) TiE. 4k (MAF=0. 220)
EE (0.114) HUIE T 0.106 DED, T ETH
BHbZ, UL, TOBREIX LS 2 &R
WThoT,

PUEDZ L, FH03D 2 FED LTI
W, B7 T HUEN CIIEEZIEIRD bk
WZ b, =T, BRI T oMk IEFR
BNBLOD, TORER 2 fERBEE/NINT
L. BHELMERSTE,

4. ABCBI (P-gP) 1236C>T (Gly4126ly) .
2677G>T (A1a893Ser) . 2677G>A (A1a893Thr) .
3435C>T (Ilell45Ile) (M 2)

ABCB1 (P-gP) %, A&, /B, BHE. Mikhx
AP R L, MIRAN»S O/LEOEEHIC
BETA NI VAR—H—THD, VIFT
VI aRARY CEOREEOBVEEMSE - it
OEEGPBILESEE LD, EHERALN
HEE L LT, mRNA OEZEMHIETEZ4ED
3435COT (145D B3 H Y, +FHBIFICBIT 5%
BUET., VXV mFRE ER & OBFENR
EEX3 %, ZTh &EHET D 123607
Gly412Gly) =2 2677G>T (Ala893Ser) & DFHAE
H (NTaFA7) R, TUVTACRLONLD
2677G>A (A1a893Thr) iZ k& B EM IS EME~DE
ERWEINLTWD,

ABCBI 1236C>T W2 oW Tk, BARADEE
0.606 THVH, FEAN (ERE, MAF=0.639) I
TOEBEEBA (0.633) L OEEZIRD RN
ST, —H. EBEA (0.726) SIIREL-EUE
fELL EDHEEZE (0.120) BROLIZN, D
BEITN 1.2 ThoT,

2677G>T  (Ala893Ser) IZ DWW TiX, BARAD
BEFEIX 0.396 TH Y, #EEA (MAF=0.384),
EA (BEE, 0.424) BXUHEEA (0.379)
CDOEEFXHEONR Do TE, F T 26TTGOA
(A1a893Thr) %, AARADIHEE (MAF=0.177)
&L EEA (0.121), FEA (BEERE, 0.147),
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BEA (0.099) OHEE LFELIL T,
3435C>T (Ilell45Ile) iz DWW ik, BAAD
BEPEIE 0.425 & BEA (MAF=0.425) LW LT
BV, FFEAN (BEERE, 0.396) & HERIL
TWe, —HFTHEEA (0.600) &IXEEMED E
DEEEZ (0.175) BLHbivn, BARANL DE
BTN 1.4 Thote, :
RRM 4 HESRIZ W TIE, T oBgsELEIC
WTHEEEICHIREII R D e o Tz,
PAEDREREMN D, 1236C0T 2oV Tlhd B &R
T, 3435C0T TIXHBHET, ThEnEEMEL
LFOENFEDONTZN, TNE 1.2 5, 1.4
BOBENEHEELIINER D TH- T2,

5. ABCB11 (BSEP) 1331T>C (Val444Ala)

ABCBL11 (BSEP) 1%, FFHROBEEMENCZHEA L, H
HBRPT A NG VA —A-1TB-D-F NI r= K,
FRAEINRY V) EZXEARCEIEMIERE S5 N2
HFUEOEFPEHICEE LT\ D, £ EH
PEREYE 5 o L ABCBI1 71 L OESE &FRE S
hTws, BRIETZ2 67259728 1331T>C
(Val444Ala) HEBH TV D,

BAAD 1331T>C (ValdddAla) SEEEIL 0.765
ThHO, REPFEELEZFEAN (BEE.
MAF=0.722) & DZEIZIR GNRD o7z, BRI 4 H
HANOEE (MAF=0.542~0.580) IZBW T A
EEL EOZEITFRD b7z,

PAEDRERN S, ABCB111331T>C (Valdd4Ala)
ZANC &, BARALMOE T 7 BERM T,
EEMEL EOSEEEIFRD bhhoT,

6. SLC2242 (0CT2) 808G>T (Ala270Ser)
SLC22A2 (OCT2) 1%, BITALIRAMEE O ME /D
REBICRA L, I FA U ERYOmh»sE
B A~OBITICEE L TRY ., FERFEREA b
AL VEOREILEDoTWS, HHEETE
b7 b3 EE L LT, 808G>T (Ala270Ser) 3%
D, ANKAVIVBI VT T A~DEEDT
BENRR I TNS,

SLC2242 (0CT2) 808G>T (Ala270Ser) %D
BARASEE 0.106 THY, FEA (BEEE)
(MAF=0. 124) R UMEE A (0.099) & DOHEICE
BEIIRONh oz, & HIT, BRI 2 Hige (75
BIXOE, MWF X224 0.092 & 0.142) 1238
VT, BB 0.05 OZEDFRD bR, FDHIZ
1.54 &R/ NE e b D TH o Tz,
PLEORERD S, SLC2242808G>T (Ala270Ser)
ZANCOE, BAANELMOET VT BEM T,
EMEEL FOHEEZEITRD bhkhoT,



(2) in vitroMBEZHWE, TJz=FrA v
EEREGHEICET A BETEZEEEOR
F9°% P450 4> FF& (CYP1A2, CYP2B6, CYP2CS,
CYP2C9, CYP2C19, CYP2D6, CYP3A4, CYP3A5) %
HEI¥I /vy — AHES %AV T, NADPH
WMETIFERMOFHETT -7 == A >
ERIG SR IRBRE S B E b o i & X
7 B a2 IR LT fESR. CYP2C19, CYP3A4,
B LR CYP3A5 T, #J 55 kDa fHFIZ/ Ny Rk
Hahi, Zhbid, FEE, IREEFR
ERAWEERTRDLNE 2 KONV FOTFD
NUROHFEEELL -7 == A 33k
BERELETE I VBRI BL#ERESNT,
I BT, CYP2C972/%3 F7-1% CYP2C9*3/*3 (DA
b CYP209 EHEE TR AEES) ik
CYP2C1972/%2 (CYP2C19 {EMERER KR EEESR) L.
INOHFROFEROL NFI/n Y —AH
SERNWC, Zo= b VT EI NEVNIE
ARRIZBIT 2 BETEEIEEL RN L, B4
Iy —he CYP209 DIEMHETRII Z v
J— AT, OFE 55 kDa T3 & 52 kDa f13F
WIZAY RO b=, CYP2C19 DiFEM /KR
BIrny—ATiE, WTFThoLaFEDOAAL KR
H UL DIET A5 L. BT TF O 52 kDa
DO R, IREHEELEZ(™SI),
PEDERENS, 7= M VU RISHEREY
kB2 78T H 7 FAERRIZHEE, CYP2C19
L CYP3A (3A4 L 3A5) 3BEE§% Z &, CYP2C19
DOIEERBEITIE, 757 MERDPERIZ W
72, BEHERSEZ DIz WZ ERFRR S,

D. B

(1) FEEYBREEERGTOBESEICE
BT VNBEEDREE

SEFEESNS L LB ETFZRICBW T, K
IN 4 HUSGClx. FMO3 ST RN SLC2242 572
LT, RELEBED FOBEEEZERRD BN
e, ZTOEZTEBH/NEVED (2 fELRN)
ThHY, EMOLENCE L THEEEN/INE
WZ ERHBNE R,

—F. BAEANEMOETP T AOHT, RE
LB LOZERRBOLNLEL LT,
CYP246*4 (FEN & D), ABCBI @ 1236C>T 2%
B E@EEAL OB LW 343500T (BBALED
) Bboiz, ABCBI ZERIOEELIX, WTh
B 1LEUTCTHoDITH L, CYPUE45E T,
2.3 FFLHBHRERETh T, o T, &
CYP2A6 BER CRETS D EHRE BEFEERRD
Bl LT, 7o —¥HERL ba Y —,
=aFUBEREERBASE) OFME - etk
REEIZ L ARBIZBWT, KT VTHRORRE
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EEEBERTHUNEENRR S,

£, K7UV7 3 BRIk, BPRICBIT 3 EE
ZiL, I—a v ROHIREICH, CTP246'4 %
FISE LT, AREEHII/NENWI LRES
i,

(2) in vitroBfiREZAWE, J==brA
HER-BEEICET 2B TZHEEDORS
Tx= M YVICEBEERS T,
HLA-B61:0]1 DBEERHFEINTEY, ZoNT
XA TIRET VTN THEICEEZNR
BNTWD (BAA :0.152, BE A : 0.084,
FEA :0.054, BEBA:0.044 L, BHEALE
BABECHREEEMBLU LOHEEERY), UL,
FENTaBEATORT, BEERBREDRKE
A TERWE END, SORIEREEZER
OBRFEDH, & b P40 REAREBB IO
CYP2C19 HDOBETFHRNPIESIN- FTHE
Iy —rBEE AT, RISHEREY D &
VRIBTEY VEREFMET D invitroRiT
X0, HA DAOREEZEERELTOV M
2 P450 DB FZ BB L fEIT LTz,
FORER, 7 == A L TiX, CYP2C19, CYP3A4,
CYP3A5 MFEIR I 7 v V) — ATEH4Y T NADPH {714
RV R (2= b T BT NEURIE)
BRD BN, FOERKIZY 7 1 b P40 BEED
BENTREBRINEZ, BIh, ¥ 7 v A P450 DiE
BT H T MERICEE L E X bz, CYP2C19
Tk, *2 (681G>A, splicing defect. HAAIZ
BT B MAF=0.293) & *3 (636G>A, Trp2l2stop.
A MAF=0.124) &\ 5 BEEOBEWERERESE
BEBN TS, Z0D"2 %R E2REHEETET
BH35E . 52-55 kDa LD 2 KD R
(9 52 kDa DN FiXilk) Lz b,
CYP2C19 DIEMENR T 2= hA v DRV NI TH
7 NEBIZEE L TR Y, CYP2C19 DHREXIE
ZREFETDHE PTIH. TH 7 MAERNEH L.
FEESPEZ VI WZI EBEZ LN,
CYP2C19 DFERERBERL (*2L*9) ZBWT, H
FEOM CTHEEORKEEIFRD Lhiw (2 &
*3 DAEE MAF=0. 334~0. 417) 23, BN B A DA
B (MAF=0. 124~0. 161) LI R ERENRRD B h,
BAEET T ABOBIERRRIZRT 5 ANE
EZDO—BRERY H DT ENTFRENTE,
E. %
REZERL L TEER#REELEE T
YIENREREE D 6 BIEF 12 BRI HOWT, BT Y
THEELEARNLOZBEEZL TMAE L
oo FEA (BRKE) & BARAMT, EHEHEE
BCHD CYPU4LRIN, TUVEEZL LT



0.114 (FTVNBEELLT, 2.32 %) FHbhie
TEMb, BEITRELEZDNE, ==}
ALVDORUNIETHE I VERICEBET S
CYP2C19 IZH\W\T, JEMEEARELINIT &7 b
FREETEEAZ EXRERIN, BIVERRER
CBITDANEEZDO—RE o TWAFRIREENRE
Z biviz,

F. fEREfEBRIEH
YL

G. WFFHFREE

LR

1. Kaniwa N, Saito Y.: The risk of
cutaneous adverse reactions among
patients with the HLA-A* 31:01 allele
who are given carbamazepine,
oxcarbazepine or eslicarbazepine: a
perspective review. Ther. Adv. Drug
Saf., 4. 246-253, 2013.
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FRRR
. FEBREH., BILUXKRT. EHEBXT, FiE
BFE. BRETE  TUTABIT AEYG
EEERETOMBESEICET 2 BEEL
B A AZEYEIRRFSE 28 [EFES (2013. 10,
HR)
2. FEEEW, MILUXRT, REHET, W
EBE, BRBEE, EHEIL ErTFEE
NHBRTERTVTEORERZ: &34 EHAR
ERPR IR o B2AR S (2013.12, ER)
3. EHEIT, BREHRET, BIUKRTF. T
RER, FEEH: EBIUOERET VT H
BICB T 2EYEEEELTSEOERK
= AARERZLE 134 £2 (2014.3, BEAR)

SRR EERE D HIRE - BRERIRTL -

REEL



K1 R7UT7TBLICI—m o3

W B CYP2A6'4 DT VIIVEREES H

0.639(2,073} Q\/z o {'1‘?555}}

° oa “ggi 0121 (1,258)
47 { 0.425(1,351)
0.396(2,587)
wr 9 b
o 0.633
' 0.379
0 0.099
0.600

(679}

123BC>T. G 6!36 (1,155} |

' p.489 1134}
¢ 0.458(789)
5 0.021{419) e
£ 9 0.541 (1 A5 )

CLE T AT 0.474(1, 586}

/“"3'(&?/ .

470
g.g 2 g %?g}; - g gﬁf % 31 oi
bprigtts o 05092 620}
0.516 (6, 661) 0.426(1,562)%.
£ - ~ 0.425 (2,190} =, é%
L. ,; - 0.017 (958}

" e 0,493 (3,41 5)

B2 HE7FOTBLOI—u v NSRBI B ABCBI RO T VIV S
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1234 5678%9810

HLM150 {pooled)

|

1

2 HLM150 {pooled}

3 HHB51 {209 *2¥3)

4 HH651 {29 *2¥3)

5 HH515 (2€9 *3%3) -
6

7

8

g

LR

HH519 {2CS *3%3) +
HHAG {2C19 *2*2 PM¥) -
HHA0 (2018 *2%2 PMY) +
HHE89(2C19 *2%2 P} -
10 | HHEB89(2C13 ¥2*2 PM) +
1% +or- : NADPH regeneration system
2% PM: poor metabolizer {2C19K

HH651{2C9 #2*3} M/31/C 550 9.4 720 ND

Cwsspoorrm  wmoe | o | sa e | w

HHA0 {219 #2%2 PM} M/B6/A 17066 16 2400 ND

HHeso(2c1o%2t2PM)  Fas/c 280 | sa | | 2300 | w0

T T RGN B OERIZIE, CYP2C19 ECYPIANEFEL ., CYPCINDE
TEHERLRT, EREFRBIEAIENREEIN, 3

K3 7= b THT NEURTBEDOERICEE D CYP2C19 2T DR E
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YR 25 R BEAZEREMERMENE (MEREREREHEENEE)

weih - SEMTEEER TRES
BEMEMEREITICL 2R U7 REMICRIT 2 REMEROHRER

FRAEE fF HR BEKE XK

MEEE :
EERDLBERICBIT2EDHEOLBERMH & LT, EERRNENERZIT TRRSRERED
SNEHER D OEEBEZRITIZEITERATHD, TRNETERT VTHRER COERLOFME
B OZEMIZET 5 BEZC OV TERIFENMTON T, &2 THAFIETIE, Tk 21 F£E~22 FE
WEBINZAFTBBLIOCEAERRE L LZBREYERRGROT — & 2 AW T, BEMEYEREME
FZ &Y REEHERIZOWTHLNT A2 Z 2B E L, ELICED~DOEEIZ OV TR L,
VURREF U TR, =TTV FEOSHERBICHT AEROEERRD bz, EF
7aFHP U ORBGVRICOWTIZ B2 VT T RIZHT 5 GFR EEE A, SR AEICRT 5 LM
CREEADOEENRED b, RS 2 BIZHOWTILBSA, UGTIAIBEFERI NI A AR UEE A

DEENRTVDO N, AT FHLOEITTIL, 7V T T RITHTD CYP2CY BT L,
FEICxT A LBM OBENH D bR, b 3 A ul X AOBERERCLHE L, X512 PK/PD
FEAMTIC E D RO FRIF AT o Tne CYPICHK3/*3 DERIIRE S ESHITEET A LEZILNS,

A. WFEEM :

FHOERMLARIL. AOEROREMEZHER
L, BREREEE REMBEZALNCTILE
BdHb, BEWItkx REBERAPH DD, £D

JSEMEDIFEENBEREN D, & bICEYMIKET R

EzZzRWT, RATOEYEREZHALNCT S &,

EYERERIBRIET D LB TE D, —7H.
EERBERMEZ2EET S0, BT 97T H
BIZRBW TR R ERLREREITO 2 &0
EBZbhbd, TOHE, RENREREZHLNIC
TAHZLIIUBOBEROYREELET D, BTV
THRECOEEROEYERBICET I REZE
WOWTEEBEHLZAERNER G & DEZ2HKR
FEEITHO ZEIREETHD, P 21 EE~22 F
ElL, BFERBIUHAZNE L LIZEREYS)
RBRBIERmEN., REMTORYERESH L H»
WS N7z, AW CIXERRDERERBROFE RN
b, BARANCHT 2 REHERB X CEBEEHER
Z. BEFEWEREITIC L D EYEIE T 2 —
ZOEGBEREL LTHERTHZEEFERNE L,
VUONRREF L EFTT7eFY IR A R
VA LERWT, B—0ORBFEICESNT, B
AN, BEARCHEAOBERAZFIIBIT?
KRB EERLEEREAVW, SRE LT,
KEEEOBACK L TRBELRRRIEIZLS
RBRErERLIEERERFLE, SHIEEED
BEHCEVEALOh L Rom A aX T T LDEY
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BRROEFHERTHD CYPAI BETFEB LI UR
JERFEEN, AnXihAOEMNCE L AEES
EEMCFHET A0, A udxi b AORYENRE
JEAZETNLVERBEL, AT A0RHD
NAF=—T—Thbd br R RXH¥ L B, AKE
DEENZ Y Ialb—YardhlerBEREL
77
B. #FzEHEE .
URREF U BARAN, BEA, FEAKRDT
BA. &#RE 404, &8 160 4 ORERASB M
EXgL L, YURREZF LU0 ng EHERTT
HE®E LY e R R R
(UMIN000003644) 7> H45 b - ML EYRE
RV, BEMEYENREMET 21T o7, RIMLEFHE
E R REFURERT, 5% 0.5,1, 1.5, 2,
3, 4, 5, 6, 8, 12RUN24 B L L, TR
EF RN ABEORIYZRE Lz, EOICH
{CEMTHD YV NREF U OfENTE -3
— RAVNETAERWEDERE T A—F %
Rz, TDH%, BONILY VU ARREF DY)
Ee T 2 —FE2EEL, REYWOENTE 1—=
V= RMAVMET AR AWTER L,

EXT TRt r  BERABEERSRE L
XV 7 ut i v ORYERE AR AR
(UMIN000002968) 1= k- THEONET—& &%t
Gl Lk, FIIEARAN, EEA, FEARCEH



ANTENZEN 20, 19, 20 BO20 #], & 79 T
Hotz, TXRVTuFHL 400 ng ZEERS
BOREIERCREH CTH S ML T M2 IZE
FAHMLRCROT—F (K1) #x&E L, [
FF—2IEXFV 7L URER, REH

0.5, 1, 1.5, 2. 3. 4, 6, 12, 24, 36,
KON 48 BEfE, RT —H 2oV Tk 5R. ®E
% 0-6, 6-12, 12-24 }Z " 24-48 FFREIICEER L
oo BERETNE LT, REME, ML RUM2 12
stUTC, RFSEEEZ M L-ED 1—a 28—k
AVRER2—ay /=R AV MNEFAZRTL
Teo FEATOBRICIZLLTOREEZBR LIz 1. &5
SNTRBRITT N TRE A, M1 it M2
DWTNPOF TR IS, 2. M1 KU M2 ©
WUGEE B R ONT 7 2 A DIIREBED S D

LERTH D, 3. BEBROBEIIEHETIZL
NTED, 4. LRENZHRE SN TVWBERANRT R
REBROER L, R 2BIcBIZBEZ VTS
VALBAZ VTS URDERSEREE LE, 5.7
ARG AR TRD bz EFORE(EIT

snruatfA RETHD M2HEEOLDE L,
e, BoieEKET ML, T R T
v FIEEAWTERYERE T A — & OiEfEEE

BEt Lz,

ARXTHL BEA2ALERNELEL, A
XL mgBEABREZDOIMF A 0 LB
E#BBIO o RN B, AREEROR
FREER 2 s L7 3CBk (Bae er al Br J Clin
Pharmacol. 71(4)550-555, 2011) k¥ /575
UEAYT VT N =T UN-SCAN-IT Z VT
MH AT h LBE-RET —ZBL N hry
RxXV 2 B, AR ER-EET — ¥ 2R L,
NR—=2F7 A0 brrREV 2 B,ARKESE 100%
EL.BONRE o RE Yy B ARBEERE D
EZnb ey Ry r B ARREAEHL, 2hE
fEMT R E Ui, Bbizfif A v b hAJBEE
-BET -2 BLU br R E Y B, AR -
R 7 — & BRI, BPERET T T TIRIR
1=z R—=hr A NEFN, BAZET I,
A XL AOERBENDL, bur R iYL B,
DEMREZHEETAHERIGET AV EY T, FE
BIRADRET VS 1 75 - NONEM 12 & v %
FA—EEWE L, KIZ, TRNETITHEL-
BEREYEEET V&2 W BRIBIFEEL 55 ke,
CYP2CY *1/%1 3 X N CYP2C9+3/*3 B F RN BT
HMHF AR LREHRBEEV Iz L—T3
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The Japanese Society of Clinical Pharmacology
and Therapeutics (JSCPT) was founded in 1969
as an academic society of clinical pharmacolo-
gists aiming to contribute to the establishment
of scientific and rational drug therapy. In 1979,
this group officially became the JSCPT, and
has become an important entity in the field of
clinical studies, taking a leading role in the imple-
mentation of the International Conference on
Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use
(ICH) Good Clinical Practice (GCP) in Japan.
The JSCPT currently has a membership of ap-
proximately 3,200 members, consisting of medical
doctors, pharmacists, researchers, regulators, and
clinical research coordinators (CRCs). Promot-
ing clinical studies is one of the most important
missions of the JSCPT, which aims to resolve
problems such as the delay in the development
of new drugs in Japan, so-called the “Drug Lag.”

Japan has been one of the few countries
where the whole process of drug development,
from discovery and non-clinical studies to early
and late phase clinical studies and also post mar-
keting surveillances and studies, can be carried
out entirely in one country, but the regulatory
acceptance of only studies conducted in Japan
led to isolation from international drug develop-
ment. In order to begin clinical trials, Japanese
regulatory agencies required more non-clinical
data compared to other countries, and flexible
protocols were not accepted. Regulators were
conservative with regard to safety, and excep-
tions were rarely made. For later phase trials with

a large number of subjects, the pace was slow
and the cost high. Investigators were not familiar
with the GCP concept and lacked resources for
conducting clinical trials. Unlike clinical studies
initiated by investigators, clinical trials for regis-
tration were not considered to be scientific work,
and there were no incentives for investigators to
conduct them. As a result, each site was able to
recruit less than ten subjects, leading to a high
number of sites for one protocol, which resulted
in inefficient clinical trials. Another factor that
delayed the start of clinical trials in Japan was
that the final formulation was expected to be
provided at the start of the trial.

With the implementation of the ICH agree-
ment, many aspects of drug development were
harmonized with Western countries. Since the
agreement with ICH, there is no longer a sig-
nificant difference in the amount of non-clinical
data required at each stage of clinical develop-
ment. Regulatory agencies started to accept the
use of foreign data, which enabled the “Bridging
Strategy™ (bridge with Phase 2 data and extra-
polate non-Japanese Phase 3 data) and allowed
Japan to join global trials and to use the data
from these trials for registration. This lead to an
increase in global trials including Japan, but the
number of clinical trials conducted in Japan and
the total number of Japanese patients exposed
to the drug candidate at the time of New Drug
Application (NDA) declined. At the same time,
Asian countries became more efficient in enroll-
ing patients in late phase clinical trials, and Japan
was not able to keep up with the speed.

*1 Public Relations Committee, the Japanese Society of Clinical Pharmacology and Therapeutics, Tokyo, Japan (clinphar@jade.dti.ne.jp).
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To improve the situation, the Ministry of
Health, Labour and Welfare (MHLW) initiated
a S-year Activation Plan for Clinical Trials
focusing on multinational confirmatory trials,
and the plan was successful to some extent. The
number of multinational trials in Japan increased
and speed and quality improved, but the realiza-
tion was that Japan is not highly competitive in
large-scale clinical trials. At the end of the 5-year
Activation Plan, Japanese regulatory agencies
shifted their focus to early clinical studies, where
Japan can contribute to global drug development
by utilizing the infrastructure of and abundant
experience accumulated through early clinical
studies such as first-in-human (FIH) studies and
dose finding studies. Under this concept, the
MHIW accredited 5 core hospitals for explor-
atory clinical studies to promote FIH studies
of original Japanese candidate compounds. Clin-
ical pharmacology units (CPUs: clinical facilities
that specialize in clinical pharmacology studies
such as FIH studies) have been established in
several university hospitals, and private CPUs
have enhanced their facilities for FIH studies.
Several university hospitals have opened PET
centers, enabling them to conduct certain types
of POC studies. There are sites that have special-
ized equipment and technologies that enable
special studies, such as glucose clamp studies for
glucose lowering drugs and polysomnography
(PSG) studies for'sleep drugs. The Pharmaceuti-
cals and Medical Devices Agency (PMDA) now
has more drug development professionals, and
they are able to make appropriate judgments
regarding the balance between risks and benefits.
Flexible protocols have gradually been accepted
and are supported by the FIH study guidelines
that were issued on April 2, 2012. Primitive for-
mulations (such as liquid formulations which
are replaced by solid formulations later in the
clinical development process) are now accepted
for clinical pharmacology studies in Japan.

Early phase clinical studies are actually a very
important and interesting part of clinical devel-
opment. In the FIH single ascending dose (SAD)
study, the drug candidate is tested for the first
time in humans and a very wide dosage range in
studied, usually at least in the range of 100 times.
This study produces data to determine dosage
levels and the frequency of dosing for the next
study, which is typically the multiple ascending
dose (MAD) study. The MAD study produces

the first time-dependent data in humans for the
drug candidate. With the increase in available
biomarkers, we can often explore the Proof-of-
Concept (POC) and sometimes the pharmaco-
dynamic (PD) effects of the drug candidate in
these Phase 1 studies as well. The POC study is
designed to answer the question of whether or
not the drug mechanism is working. Even with
the advanced non-clinical methods that are now
available, it is not possible to predict all aspects
of drugs candidates when they are administered
to humans, and consequently the learning curve
is very steep at this early phase of clinical devel-
opment. With the data from these early phase
clinical studies, a huge amount of new and
important information is gained. The data may
confirm findings in non-clinical studies, but often
surprises us as well. Sometimes the drug develop-
ment strategy may need to change significantly,
and sometimes the indications can completely
change, as seen in the example of sildenafil, which
was originally developed for hypertension and
ischemic heart diseases, but the indications
changed to erectile dysfunction (ED) based on
findings in early clinical studies. These data often
lead to decisions regarding whether or not drug
development should be continued for the drug
candidate and provides information on how to
design the late phase studies if the decision is to
proceed to late phase clinical development.™

At the same time, early phase clinical studies
are complicated and pose higher risks that late
phase clinical studies. Therefore, it is important
that experienced investigators and staff conduct
these studies in facilities that are designed for
such studies. For example, it is critical that there
is access to emergency care for Phase 1 studies.
It is also important that the study site is designed
to handle the busy study schedule (frequent
procedures) and the condition of the subjects
is visible during the critical hours. Usually, about
8 subjects are dosed on the same day at a site,
and accurate procedures produce data with less
variability. CPUs in Japan have abundant experi-
ence, and many efficient processes are in place.
For example, the unit usually has synchronized
clocks, and many sites color code sample tubes
so that there is less likelihood of mixing them
up. With this experience, established systems, and
attention to detail, the data that is generated
by these Japanese CPUs are of high quality, and
because of the low variability there is a better
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chance that drug signals will be observed, even
with a small number of subjects. Recruiting
patients for Phase 1 studies has been challenging
in any country because CPUs used to focus on
healthy subjects. However, recent data shows
that CPUs in Japan can recruit patients with
good speed.

As discussed above, the infrastructure, expe-
rience, and current regulatory environment have
made Japan an ideal place for conducting early

JMAJ, March/April 2013 —Vol.56, No.2

phase clinical studies. The JSCPT is a medical
society of investigators, researchers, and site staff
who conduct early phase clinical studies. By pro-
moting clinical studies, the JSCPT has aimed to
resolve the “Drug Lag” in Japan. This is another
opportunity for the JSCPT to play a key role in
providing high quality early clinical data not only
for drug development in Japan, but also for the
global development of pharmaceuticals.
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Leptin stimulates interleukin-6 production via janus kinase
2/signal transducer and activator of transcription 3 in
rheumatoid synovial fibroblasts

S. Muraoka!, N. Kusunoki?!, H. Takahashi?, K. Tsuchiya?, S. Kawai!

IDivision of Rheumatology, Department of Internal Medicine; 2Department of Orthopaedic Surgery
Toho University School of Medicine, Tokyo, Japan.

Abstract
Objectives
The aim of this study was to determine the influence of leptin on the production of proinflammatory cytokines by
rheumatoid synovial fibroblasts (RSFs).

Methods
Synovial tissue was obtained from patients with rheumatoid arthritis (RA). Leptin receptor mRNAs were detected by
reverse transcription-polymerase chain reaction (RT-PCR). Productions of mRNA and protein of interleukin (IL)-1f,
tumour necrosis factor-a (TNF-a), and IL-6 in the culture medium were detected by real-time PCR and ELISA kit,
respectively. Small interfering RNA (siRNA) was transfected into RSF to down-regulate the expression of leptin receptor.
Effects of inhibitors of janus kinase 2 (JAK2), phosphatidylinositol 3-kinase (PI3K), and mitogen-activated protein kinase
(MAPK) on IL-6 production were evaluated. Phosphorylation of signal transducer and activator of transcription 3 (STAT3)
in RSF were determined by Western blot analysis.

Results
We detected leptin receptor mRNAs in RSFs. Expression of IL-1§3 and IL-6 mRNA was enhanced in a concentration-
dependent manner by addition of leptin to RSFs. IL-6 secretion by RSFs showed an increase after leptin stimulation.
Leptin-induced production of IL-6 by RSFs was decreased after exposure to siRNA targeting leptin receptor (Ob-Rb).
A JAK2 inhibitor, but not PI3K and MAPK inhibitors, decreased leptin-induced IL-6 production. Enhanced
phosphorylation of STAT3 was observed in RSFs after stimulation by leptin.

Conclusion
Leptin may be one of the proinflammatory cytokines that up-regulates IL-6 production in RSFs via activation of JAK2/
STAT3. Leptin and JAK/STAT pathway may represent a new alternative therapeutic target in the treatment of RA.
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Introduction

Adipose tissue is a structural com-
ponent of many organs and a site for
energy storage. In addition, recent
studies have demonstrated that the
major cellular component of adipose
tissue, the adipocyte, has the ability
to synthesise and release physiologi-
cally active molecules such as leptin,
adiponectin, and resistin, as well as
cytokines like interleukin (IL)-6 and
tumour necrosis factor-a (TNF-a) (1).
These molecules are called adipokines
or adipocytokines. Some adipokines
may have a central role in the regula-
tion of insulin resistance (2), as well
as being involved in many aspects of
inflammation and immunity (3). Leptin
is the product of the ob gene, and is a
16-kDa non-glycosylated peptide hor-
mone synthesised almost exclusively
by adipocytes that regulates appetite
and energy expenditure centrally at the
hypothalamic level (4). It is also sug-
gested that leptin may contribute to
inflammation and auto-immunity (5).
This is not explained by gene back-
ground such as polymorphism of LEP
152167270 (19 G>A) (6).

Rheumatoid arthritis (RA) is charac-
terised by extensive inflammation and
proliferation of the synovium that af-
fects multiple joints. Since proinflam-
matory cytokines, including TNF-o,
IL-1B, and IL-6, play a central role
in the pathophysiologic mechanisms
of RA, novel methods of neutralis-
ing these cytokines with monoclonal
antibodies or soluble receptors have
recently been developed as new treat-
ments for this disease (7). Although
blockade of the above-mentioned cy-
tokines is beneficial, it is not curative
and the effect is only partial, with many
patients failing to respond. Therefore,
it seems possible that other proinflam-
matory cytokines may also contribute
to inflammation in RA. We previously
reported that adiponectin (one of the
adipokines) stimulates the produc-
tion of IL-8 (8) and prostaglandin E,
(9) by rheumatoid synovial fibroblasts
(RSFs). We also reported that the se-
rum levels of leptin and adiponectin
were elevated in patients with RA (10).
Moreover, leptin levels are increased
in synovial fluid of RA patients (11).
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These findings suggest that some adi-
pokines may contribute to synovial
inflammation in RA. Accordingly, we
examined the direct effects of leptin on
cultured RSFs in the present study.

Materials and methods

Materials -

Recombinant human leptin was pur-
chased from Sigma-Aldrich (St. Louis,
MO, USA) and was dissolved in 15
mM HCI and 7.5 mM NaOH at a pH
of approximately 5.2, in accordance
with the manufacturer’s instructions.
Recombinant IL-6 was purchased from
R&D Systems, Inc. (Minneapolis, MN,
USA) and was dissolved in sterile phos-
phate-buffered saline (PBS) containing
0.1% (volume/volume) bovine serum
albumin to prepare stock solutions.
Mouse anti-human IL-6 antibody was
obtained from R&D Systems, Inc. Rab-
bit anti-human signal transducer and
activator of transcription (STAT) 3 pol-
yclonal antibody and rabbit anti-human
phosphorylated STAT (phospho-STAT)
3 (Tyr705) polyclonal antibody were
sourced from Cell Signalling Technol-
ogy (Beverly, MA, USA). Horserad-
ish peroxidase (HRP)-conjugated goat
anti-rabbit IgG was obtained from
Jackson ImmunoResearch Laborato-
ries, Inc. (West Grove, PA, USA), ECL
Western blotting detection reagent was
purchased from GE Healthcare UK Ltd.
(Buckinghamshire, UK), and polyvi-
nylidene difluoride membranes (Immo-
bilon-P) were obtained from Millipore
Corp. (Billerica, MA, USA). AG490
(2-cyano-3-[3.4-dihydroxyphenyl]-
N-[phenylmethyl]-2-propenamide), a
januskinase (JAK)2inhibitor came from
Merck KGaA (Darmstadt, Germany),
while LY294002 (2-[4-morpholinyl]-
8-phenyl-4H-1-benzopyran-4-one), a
phosphatidylinositol 3-kinase (PI3K)
inhibitor and PD98059 (2-[2-amino-
3-methoxyphenyl]-4H-1-benzopyran-
4-one), a mitogen-activated protein ki-
nase (MAPK) inhibitor for extracellu-
lar signal-regulated kinase (ERK) were
from Sigma-Aldrich. RPMI 1640 me-
dium, penicillin/streptomycin solution,
fetal bovine serum (FBS), and 0.25%
trypsin/EDTA were sourced from In-
vitrogen Corp. (Carlsbad, CA, USA).
PBS was purchased from Takara Shuzo



