68 3. EMAHICEIES T 2B & € O RISHEIE

BEfilED B WEEBRT VT F, %2 oUIEED 2 IZERAT b rogTE
9. ZOEBRIIESI V-V CHESINRS. /2, Ve Fudt—nL7Fe Foy
+—<¥ (AKRIC1, AKRIC2, AKRIC4) i3, YHR¥ /5 I 48, FuFv o,
FNILEFVY, RT U= VBLUOTEMNFHI FREOANVKRZVELRTT
T5.

—%, ANVEZNVLFrE—¥ PRy b Lyrs—EL XidhTwik) &
LIXN 2 BITERL T AME S ICEET 5. KBS NADPH * #iltE L 525,
HEHRELHER OB ZEICEY, TVFE FL 25— LERFIER TS,

TLUFE Ly 75—k, BAOTVFE FabWI—8or b %7 La—
VISRTL, 7SIVEY — VERFEATRENICHEE SN,

ANWRKZNWLF 25 —EEITIVTE R, Fhra&xlL, W7 5K /4 Fos
INVEeFrHibvizszvy ) v CE(EES NS, EEL FICFBLUET
BOE <, O, B, B, N, BE, B, RIMEkZ &% DMK TLIRSNA.

3-4 EYONMKZBEIGICEST 8RR

HEEN TR B Y 2 2 LEMOBEL, TATN, FAZATIV, € FFY
F, 73 F, BIUNIVEBIATIV, TRXVF, 97846, XTF LS
2 b7zoTBY, o DILEWONKTHE T BRIE, EWORBIE
AL RERRIIBVWTEELBRHZEL LTS, MRSERISIZ L 2EHCE
HDZLIZE L TIX, 82 -4 THMICEBLADT, FHETRZAT VLT IF
B7oFsy Z7ORBERE LTEERREZRALTWET AT 7 —+F & P450
OB L VAER L2 R XY FEMASHET A IRT Y Fe Fus -
DWTHEHRT 5.

3:4:1 TXFS5—1t

WY RBICES T AIAT T —EORT, HIVEXIIIRT S5 —+E (carboxyl-
esterase, CES) 1, §2:-4% 8§10 -5 RLAZLILTATILRT I FRI SO K
79 7 OREREWDIAKTRI Db s REMLBETHS. CESIE, HEih
D LT/, ImEE, fA, B, OB, B CEERICREBLTwA. ThH50HT,
REMZEL N T 2EHEIIFICBVWTRIE (RO LML, LaL, /AEPehl, M
BBV T O RBEMEWESESED 5N, CES O TEMOEEFRECERILE
HOEBRNIATF NPT I NRTORNS v 7ORHNBBICKE 2 EREY525. &
7, EBRBWEB L PETRELZBENFEL, Ty b, Y RAMERICHELE
+5CES OMESFHEHI e h TRFELZVI &R, E=7VRTR/MEICBY

3-4 EPOMKIBRECEET IERR 69

T CES ORBEHIFIZENT E2bh o> Twab, CESIE, AIKRFIYIVIRAT IV
RS, 73 FEARF AT AT IVIEEOIUKGRERIG S M 5. —iRAYIC
Ju K5 v Z % BT 2358, BLEWOBHEIE LT, KEEE(-OH), ALK
% #(-COOH), 7 3 /#(-NH,), ¥4 —)VE(-SH) &z, ThonklZx
AFNEES, T3 MR, FAIATVEEGREATIHENL V. 20720, £
WO CES L L WRBENLEEZCHOTOFTy FPMbATWS, RINEELH
Brl77ukRsyZE LT, T¥¥F4+7 T v EBEER (ACE) HEEOA IV
KUBEZ ATV LT EI TN, TFF TN, UREEDOA V FRXF T
CITTNEAIYNREDRHD., 6L, BEAKPAEL LTHAVWLRTYA L) /7
#b CESIZE VRSN (p 92, 93 ZH).
ABEONMKSBREISE, BEOL) VRERELEEOT VI VENT VIV -BEETF
BEx R L, BAOLEBRY (R'-OH, R'-NH,, R-SH) » 8 7:1%, £-0OEET
BHHHOKT Y NVEAERTLIEICLVETTS, LichoT, =¥/ — Vi
CORBRENSBIFETAE, TOVNVEEFHOORDLYIZTY ) — )VICEER
42, LRI, BB IAALAET VI —VERETSE CESHBES LA A v
MPOEaABIFLUDPERL, TOIATFLUHRAIICEL L EEADIZan A
COERBHERET 5 & ST 5.

CESIZ MU T I NVZ ) v u— VoK EERT&OBERERRT, EMAHEIIE

B3 14 /MAERESEILREIIL
IATT—EDFEROOBELNE
FETOFEEEFRN (BEEHROBBIR
BEAHOMR) WA E HXEL-
COOH mE3%& & 7270\

HANEFIILIZAFS—ED C KBRD
7 b5 ~TF K(HXEL-COOH) #*, KDEL
SREDBEEERTNE L B0, FBEER
NEREEARRRIICBTEL TV 3.

Ser?®, GIU¥E, His®™ D=2DHEN 7 X / B
&) EERDIERENATVS.

BERERSKTIEEOH IR ZIVEE
EFXOT AW AXY T I K~
M E Y &, Gly-Gly'= ) NH 2
KEHETS.

BEREESETEIDOHINLKRZIVRSE
ZIBRET 2 MEAPREGEIER SN S,
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182 9. EMRBMESHRR

YRTF T, Y N EM-SHES & L THRENICESEBICEFET S, VY
FF  OMENEER, REICEo TEZAD5—MKIC05~10 mM DERBIZH D &
Bh, BERIBTESAESE LD, IV FF L OEFHIZBITAREB LU
FOMEREELE - 2IIRT. FVyFF iR, MR EERTL)IATED
DTEERREZ RS LTVAIE bR, T2, FIVyF4 VIZEEREY O
BBICKE REEEFRZLTBY, EZEKIETT2 (BE). EELS AT
FETHEFOBERTICL)N, FTOMBEIELIET TS, Ledi>T, M
JAROZ VG FA VREMETTAE, TP I /) 7202 S 0EFEYOE
HABESHICHRBL, F-F0OBRELREND.

£9-2 JLEFFUBIUINAF I ARFEREZROEE

9-4 EMTLILFX — 183

9:4-2 EYPTLILF—DHEE

EMT LIVE—DERIIEHTDHY, ERO 80 BLALIIEBIIEB R EE LT
RET 5. SFSORBEEIERVSEGOREREE) EBEREZET 558D
5. TLVF—FIHIE Coombs & Gell IZ& B2HHZ 4B IIFEIND (K
9-3). EEFIZILZTLLF-—SHRABCHEINDSY, 7TLUVF—BIRY)
VOSERERLE LB A ALY OFy PT—2 ko THIEIENTEY,
— oD X SR VIREBIO RGNS {, BHEZTHITEL V.

I~ ®BoOSEEERERERISTH Y, NTT v & bLEWMEIINT 5 IgE
BEAEIXBHIC T BE, Ig6 % IgM ZMREERMO 1 BB L0, REEEERIK
SR ET AN BOKSZREIT. 1 RFEEMCL > CHREmICERS L
A L THADHES L, BESEELINDZ EBERERYD, W EIE
BE N REESEIENEB CEESELRTIUGTH S, VEIZEME T ez
AT A RERISTH ), YRS OBET CHEZ 222 BERTH 5.
[, XAF4I—F— (LHEEPR) LEBTF747F - av s

FNEF+DIRE TNE I+ B EREE x K

- T T H IO TNIFF Y bT A | BREEEY

- ERALBITIC & A et AE 7x7—¥ GIRE) | AEKR= buB Lo s ILEW
DA FNENTT ALEW

TV Z VEERRIOKE
TL—rBIUTVTF Y IZRFYF
BB Fo~_)LtFTF

TV FE L TR | LRREEDO—ER

77—+t UMMask) | lBEe Fosurt s F

YR Fosut 3y R

Se /T IVEY F 4 v | BEELKE

_NFF T —¥ BEbe Fo~utFo F

T sy FE oL, MBEBRCSECEET S N)RTFET, TREEFREBILEREAL,
MR OB LB TIRE ORI IR TI o T b, $7:, REEZEOERICLY, BILHYWED
WEICES L, EEVORARSICHEB S NEEEHZRT. MRAOI VI FF 58D
WA, EEWC L IEEEZTIRTTA.

- BAEBEFE O SH #t5-1F

9-4 EYT7LIILF¥—
9:4-1 EYM7LILF—DHER

FY T LLE— L iE, EPORGIZL o THRENLEY T L 3RBW e R &
L7-BEEEE VD . EEROBERE L TRESEELIE L, FEOEEmMIZBW
T—EHONEEL, FOEECEFIZHTHY, 2F SFRERPFNL, L&
CEELRENEATT I LS. BT LVE— GBEUE) X, 1) EREYMCTHE
BWTXxhw, 2) BEAETLES S, 3) ABHBENZV, 4) EELOEES
EHEMEA LB L2, LWIBEISHY, EEMARICBVCHEL 255670
Ll 72w,

CYHARBIRIN b EINS.

#£9-3 EPT7LIF-OFBECHOLREBERCESER

B I # o # m % \ A
TrH74oF Y-8 | MBRBER | REESEE | EER MR ER
£/ IgE IgG, M IgG, M T #ifa
R RBER MIRARE, EERE | SRMEUE, | FRMEVUR, MiRRE
R BHOHE PR
AF4T— | eAFIV, A4 | W & o R
¥ — HA v
BHEESR LAZE x B BB (GBEL | BRI K, IBTEN
HmER), | A3
2 5 A
HIRE
LHEEL | TUNVF-HEEX | Bt Eim, B | FFEE OEE | FEE BEMmELE
b MiE, TF 747 | REREBAE, =, wmE | % SBBUE
F—vavy /R ERAME =gl

9:4-3 EMTLILXF—-DFERER
HEERNTHEEZRT 0, —RICHOTFEHTULOESFTHY, BEHA
PPEERE G EO—BOEESEBRNT, 13 AEDEEMISFE 1000 LT
DESFALEMTH B0, THEFIIIREREDS 7Ly —EiE (MELH
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184 9. EYRBMLBMERR

beTHEREV)) v, ERPF7LLEF—I23UTOL) 2B#2H 5 1)
Y 7 LEEAREY (RRICRISHEREE) PAEREL THEL 2285 FOLE
HEs (Fv YA — (carrier)) 25 LB EELA RIS, T )Y —2E
ENTVAEBEIELDOTLLV, 2) EFESTLHEET 2 EW T 2 XRISHEF
BEANT T v o T, BRERRERELRITLEEZLNTWVEY, RSHEF
MEO#ERAIIEE TH L5505 ; 3) A 3— THIETH A Thl Mg &
Th2 M DOHEREBRIEDONT VANEND ZEVPERO—DEEZ LN T W
%, 4) B NIBULEYT LIVY - BREUELY THITE2EREYHIFELEN TV
iy |

EWC LTV NVF—IBOFERE, 1) HBEBIEICLIARGE, 2) NTT 0
I IR ENRERABERIC L ARBICSEEINE, iEE, BES VN TER
NRTF FUBHORERSOBEIRIAMB 7T LIVF-—REThs. #EIizFH
WEZIZL->TREIN by N BRANIFEESY 8 ETH A, MEHR
DYEE 2 EDWBICRETAIENRERE LD Z VML TVE, HBEIZDWT
i, RUVUMRZV) U REDB-F 7 ¥ LAREED, Fr )Y —LEREL
NTFELTHE, TRTRHORSRAELLZEPHONTVS, L LIFE
AEDOBEE, RBRSICL > TER SN USHFMEINTTF 2 h, Fy
)Y —CTHLEREGT EHBELTHERERERL, BRLZRENGCEFRTHZ L
BEETH 5.

9:-4-4 FYPTLILF—OEREEREY
EYITUNVE—FERPLOPETAIEEZEHLL, EREWERHEETLHOI1C1F
HEBRELEPLETH L. (R9-4)

1) 75 747%7— ROVEELXRCTHY, BHELLZZIANVATFT I —F —
WXV EHERERZT. KEEB~OMREL RS L, s ko £ i
BEABEINLILIZIVRETAZE DD S,

2) FREE(EEAEE): I BICL2LAES, IRICLIMBBEBERES, I
AN X B AL BEMIERE (=) 7~ b —7 R) (systemic lupus erythematosus,
SLE), Bz X 2¥mMilaectdBiEEmErs {mohTns,

BEEESIRSOFCREENEL, "EV VB (T7I/7E)ve7 7K
) EEIVOYREYICLLZESORR)" LMo Tws, R—E
MR OR Y& 5, IRMESIEEHICRONBHENE L, ik
BRiE (LAES), BEEAKE SHARCLBEERREL b5, S
FMHOBRERIIATF 4 —T XT3 EMRE (Stevens—Johnson syn-

9-4 EHMTLIF — 185
£9-4 BYTFLIF—OEREFEED

BEED5HE REFE

FFIL4TFY—avy | RV Y, AMLT YA Ty, BEERA
FrREsE nagyy, varZNy sy, 7 vy IF
HEE FN7rR, TAT) =N, )T ET Y
PERL KB E AWK T I FRITEE YoV u yREY, Nraxf vy
M/ MRBAE - AFWEI, A Y FAS Yy, zav7avwdy
& A I = AFNWEIS, XV BT NTYN, BT 7 H
N, 2 = NP, TRFNGY) FIVEE NT T X)) FIVER
SLE TOHAYTIF LRSI, ¥ 0 A REY
FERRTERZ I %% RZYY ¥, AWKV T I FRITEE
FEREPEARE JVE Y —VEE, =V ) v, AR YT I FRIUESE
AF4—T AT arV|NSAIDs, A NWNTEL Y, ¥ LY

VIEMERE
R MR IEFLAE ANT 7 A NI =N, FXT 7T, X T A
FBEIE Za—X uvERHEE yhTuzzy, )T TINEY

drome) & X IZA, WEDEEEBEBITHICER L, EEAIEFOEBESE
LD ERH 10 % ThH D, Tz, B L 52 PEMREBEIE (toxic
epidermal necrosis, TEN) (¥, EELZBEB% LD, R#ELAHOR, KEOE
5E, VPURERISE, MR EDFEAET B.

3) FFREE: D /-3 NVEICXAFAEYE, VEIZXZHEH) owElAsH 5.
mE, AR, BRZEV, B o#ME TIEEEN L. B ShizEY
F-ikEoREY B RUSTERRE) SHER O D BHERFERELT
HEM% b OHENE .

4) BREE: FFEEABCECL s TEELZIRTVEETHY, AU
LDRERAEE L RAEEEND L. REREEEL, REEGEOUEIZLS
LEZLNTWS., RAEEE RS R0 L 56 LBERLr
ZUF, MUEHEZDI DI &L 5.

5) M - AEMEE: MESMEOBEIZL > T, BRIKEAE, sk iE,
VA IV 2 I KR /RGN E 7 EDSFEE T .

6) MREER: REYWER I BoRETH ), FEWHURIIHE L7z IgE 47
WA N L TAT A -7 — %S5, RENZERT PIE (pulmonary
infiltration with eosinophilia, ¥FEAERMEMRME) FEEHCTH 5.

9-4-5 HIFEMEVOREMIEEL

a Ny AN T~ 2 (benzylpenicillin, =31 ~ G, PCG)
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186 9. EPRBLEURR

TUUVF-—TRIZ L RWEENDHUEIENY V=2 04 v (BPO) &Izt 2
ﬁ?d&mﬁE.@.nSﬁﬁa,%Eﬁma_ﬁ§§%WﬁE¢4w.r%?
THF74 7% =RIBICBETE01F, XvIypR=v o4 B <rIjl~=n
YR EDVT A F—HIRRER (minor antigenic determinant) & X (¥4 % BPO &
ERGIURBEDTETH 5. < 1 F—HURREEDE R SN 2 BRI C
HLHA, PCCORBBETER L 22NV VNRZY LA VBZEAR T ¥ ALH
T, ERLZNY D pR=v 0 YBICHES L T B E 52 PCG EA D
ERT 5. FBROBFE TR IR Y L VB EEES T IS I % ] REME,
T, BERDPHURE RATRENL 52, FUEICE L TIHERO L ) 1o R %85
b B, BPO E I T 2HBAERT S EHEHIATVE. RS F
EYVEGBSTFLEEG L THREE LTRBREND S L 2R LOTRELA S &) CE
ERBEIHD.

b. EZVDO RESEEE

) 73I /€Y v Emiw%ﬂ%?ﬂi#%m\mc,\ﬁ, T LIV ¥ —RRE

@roxnuooz CH,
CH;

\O.l coo-

_——

A7k 5> E

NIz 1) 2 (PCG)

u=*$mm\ /un*$wm
CH HS, cH CH;—CON s
© B ol O s o

.C N i
0%y Co0
0 . o H

0
ALTRZLOA LB

RUTWNRZS LA LB

/ \
AHHV.OIaxoon, wmmmnw co,

0~ C=
AHHv;oznlooz S._CHs Amuvxozm CON CH
3
H T H Irl_\ HOE
N~ ~coo- €00~
NTNNRZS) =Btk Zvvé>ln\ﬂ

9.3 NNz opiElk

9-4 EHTLIF — 187

REROEELNEL, 7T 749Fy—vavy, LALE, EEES, AR
B, ERBREAOEZ CEREIT. FABERE (N9-4) FAOBATF VLT
DAFVEERTATI /) TYIFEY %), &6 IEENRHLE T
%, REBICHEES NS, —F, 4TI/ Ty FEY YE2MOBRAFVNREIY,
A %258 72 AMPP (4-amino—5-methyl-2-phenyl-1H-pyrazol-3(2H) —one) & 7z 1) &
BLTUNT VEERAF VLN VEEHER T 5. AMPP &7V 8 F 3 ¥ Ao
STUANAANRY T Yy —L biEETH, AMPP IZENVE Y F O RIS THBED
ERL, FUBEHIEOONTWS, $72, JIORIREBETHL 5O A FIVEDE
LRIG TR 5 5-7 )V 7k RIS HIEES RO ST 5

CHs \O_._u
e
HsC 2| NH> ImO Z/OIu OIOHQ N CHs
H3C” "N"~0 Iuo (6] H;C” "N
&7/ PRt e 5-7ILT ke RE
FLFEY
AIHzHJ_l
00
T NH,]  P4s0. H 0|=|>mz_._ Q Q
ImOZ 2 s 3 T
H N0 vE— N0 P
AMPFP k HS-R, H,N-R oxu
@ @
BATRAK FI00r5

H9-4 7I/EYUORBEIEEL

i 7rFE) Yy TryFEYrof# (H9-5) EFEFEMICEN LTV
2 RBEWORTI VT vFEY) y-3-0-7 )V 0 YEBREAED X URBRRSHE
AHEE S D eSO T WA, ZHIET Y FEY YASN-IRA F Uik, KEH
SFWNEERL L CTHER L 72 KEBEEI G I D TH L. FHAEE LT/ VT VT
YY) UHERT D5, LSO A ML OKFEIZAREE CBRILRUL TESH BT
BOTTIIANERBKL, ZAyF+ e, T, EXELHS. —7, 5
DX FNVEOBLRIETERT S 5-TIV T FEICLF v 37 BREEHENED 5.
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188 9. EMAMEBEHRR

H

3C- IOIMOIJ OHC—T=— HOOC—T—
SN N, L
HiC™ o HiC- N0 HC N0 HC N0
FLFEYL
ﬂAQOh HLC

3

HaC—T=— HsC HsC “N” 0 OH
o
Iw_ﬂ,_lxro Ny z,zur_ o \ H COOH

5= =07 Do

IWNTFEY

HiC
P450, N, u/_
BILRIG _ 5 it N~ 0SOH
HsC LHEST qu
z,zHo

Q 3-O-HREsra &tk

9.5 7rFEY L ORBEEEL

c. ENTIZTI LFSSYVIRBERE LTHERA STV, AL
BENELLIEFPAONTWS, EFFF IV @7 FMfbTELELTRBE SN
DT, TEFMEDEVE b (slow acetylator, SA) IZALBEIZE { BET S, T

Z|ZIm
-~
| —— N . Y
~N 2N 2N
X Y TEST

N S
2N _N
X+Y N—NH, P450

NVAX T E—t NH
o ™
ZN \_h_
M-I M-I
EhEAT
Y+ HEHEIF —— SN E9-6 ERKSSI
_N DRBETERA
Y

9-4 EHTFLILX— 189

%F?%%ﬂﬁ?@.ﬁ@?%%ﬂ%dﬂmmﬁm.Nﬂ&«%Vﬁﬁme<l
&%Zyt&.»nn\%,i&emkmvgawmadﬂ 9-6lRY £O n®k (M-I, M-1)
MERT A FOLE, Iy FFReT R ) EDNFET A LISV TY
AN (¥) &ORAEIPERT 5. SEEPHIRE O BE S b AR S LT
m8d<nSm%&é%ﬁ%ﬂ@Bwv:wmﬂmWrﬁﬁﬁéﬁmwMNmﬁﬂ
wn (B0TE).

d noa Nay T ENR R L LCEE S nzh, ZOBALE
mﬂﬁ%%r@r@%%m?.F%&Eﬁﬁ%%%&(ﬁﬁ%mﬂwéw.ﬁﬁﬁ
l%%%%wtﬂ&&ﬂm%oAiw.>mwvﬁgm.qﬁ%4hwﬁ.w&oﬁ
%sﬁmgwﬁﬁchqé4nwd$%>mawwmc.ﬁmwuulbwwz
Wﬂﬁ#ﬁﬁﬁ§%@%%m.)nvaﬁ?S?ﬁW%dW%%mchF4ﬂ
w&+éwa.wT.qu‘&#%Sﬂmwn<lVﬂﬂm4mwv:Qmwx
W7 4 K4 A F—% (protein disulfide—isomerase), HFAFUN—EC (phospho-
lipase C, PLC, " A 7 7FINA Vb —VERRRgR AR 23— C), ANVYIL
#4498 EO calregulin, HIVKRF LWL AT —4 (carboxylesterase), JI
q— 2 E@EE 4 > /N7 B (glucose-regulated protein, GRP) LEERKET S, £7,
FRTHOBEVRBETII RV, SR A B ERILEIE Zh s OBAFEHRE L
A%ﬁ%m‘nﬁw@nw§m>mwvE%Sﬁﬁ%MMEﬁ%SﬁMﬁﬁﬂﬁm
H%Eﬁ%&ﬁﬁ%%S%Sk#sﬁ%ﬁﬁ%ﬁﬂﬁ%WﬂN%%%Oﬁ.)Uw
Vﬂ@%ﬁﬁ%@ﬂ@@#m%ﬂﬁ%@ﬁﬁﬁ,*Sﬁ@%ﬁﬁhmﬁ@ﬁﬁ%m
EOBERAIC O EERTRE SR TVA.

e ZNT P A REFHI—IN(RIVKZTIF) 2Nk YT I NEICEART
an:d&mﬁ,mmﬁﬁﬁﬂ‘NmAleN.Wmvcvﬁﬁﬁszgﬁ

F Br F O F F
[:31e:5] [ [ | |
- F=C—C—OH—F~0—C — F~C—COOH — F~C—C0-8-CoA
F Cl F Cl F F
F . Bf @ «‘ —
F ﬂ_u ﬁ_u H — 170Y—L4L0D
—C—C=-H — 3 — "
nagr r m_u
F-C—C-H BEhFeaERks — B
ETH) |

F ol
M9-7 NOX ORBEGERL
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190 9. EMARABEBURR

Wﬁw&m.mw

YO

_CHs

Hs

%ﬁ

—_— O—m_

7EFI)IL CoA Coa OF

ﬁ_v
~g— MO

Hs

/1

HO

O u
W<
m#m&* 0

98 ANT7XMFHI/—IORBEGEEL NAT: PEFINSIVRTIS—F

Johnson syndrome), WEMEREEILAE, BERE BEHEANZ SRS, HHE
DFEFRR EOBWERADOIEIBE N 55 b T RETH 5.
REWRANVKE T I FMEAWTHHEE AT 74 bFH I —Ib (sulfa-
methoxazole, SMX) DIEHAH W IZ, N-b FoFi & (SMX-HA), = o vk
DIEH, BmONIGHICEAXZN-TEFXIZZANT 7 X bFHJ—=IL (N-acetoxy-
sulfamethoxazole) 2SR SN Tv:2 (K9 -8). BEREIZ LAY T I FBEUE (3
#, BAENR, MEREE, FFEES) BEOMmME»S, I 70V —AHFET LY AN

OH
/ ~
b, e N 9-9 JOhqy
; e MPO, H,0, 0, 713 Hy0, 73 ROREAEYS
SOHLTIE 2= Tht
ﬁ“u 7 m”u ft MPO:IInO
¢ ! ANFFSE—E
of /n — CH,CH:N (CoHs) » o /u — CH,CHN (CoHs) 2
EFEHT
1 _0
H—N-— MPO ERERT N7
1
O Sl
— |
_C. _C-.
(0] HIOINOINZAONI%N O RIOINOIMZAONI%N

9-4 EHTFLIFX — 191

94 ¥4V ATF—¥ (55kDa), 72— AFE ¥ >/~ H (80 kDa) 3 L U 96 kDa
Dy B fAEEoL BT LML T 5

f. 7OBCCFIFR (H9-9) sah4 73 FIRFTREE L LTHEA
mﬁﬂi@%<Ww@ﬁﬁﬁ%msa§_%Eﬁma,ﬁ%%ﬁ%%,a%%ﬁ%
Feh COMEOERFRHET 2. 704 7 I FIFFETE CYP2ZD6 12 & = T,
mé%dﬁmHu2ex%w%l¢n§5vﬂhoﬁ?%QSMS.mwﬂ_ﬁ
?mﬁ&hfn<$%W%4m.*rdeuZ%4%w%lm.%$M$%wﬁ
ELTHIREE 2 5.

g AVFAA4 /= (H9-10) LVFAF )= NEA T AT VHFIS
EIn, BA REER Fa—AvHLa, kv sy YOBFHLLTARLORATYS
MU —HEREEATRITIESMON TS A VAT -V
o, B-FEIHKE A A B DT P450, ~NF F 2 & —Eil IhESIEELEN, AL
ﬁMﬁQSNmSHM$§H%4m.(Sww.%éw*»v&mfa.mx$w
v_x$4hv.vxwav.$nwv.CQVWWS%ﬁgﬂmxﬁﬁwmﬁﬁ
ﬁ,nﬁmwmwwm,Hoﬂ.%i@k%»%%%lmﬂwsﬁﬁéuﬁ_W$

OCH; OCH;,
1AHWY0|M oLMHVTo:uox|9& nMHVTo: =CH-CH;
Bl rILE F (4)
vHE—¥
oo_..@ |' P450 OCHs
:o um okmuvwo:uox|ozw RMHUWOI CH-CHs
(e))
{UFALH I =
HsCO HsCO
OH
OCHs OCHa ﬁwwﬂ
S RagH jgig
CHy—CH=CH “ICH, CHy—CH=CH Hs

FeraIAvFL5 /-1 FeravavrA5 /-l

EFEAT
OCH, npss OCHs oozw~
10|Auuvloxn01|9¢wMMvoukHUWo:u%:uo:mulleOLMHVYoxuwz|ozm
AIALE I =N AIFAG =W

®M9-10 A VAA4/ —ILORBINEEL

176



192 9. XMAMEBURR
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Summary

Genetic polymorphisms of drug-metabolizing
enzymes and drug interactions

Tsuyoshi Yokoi"

Pharmacogenetic polymorphisms are known affecting
biotransfomation of drugs and clinical outcomes.
Pharmacogenomic information is contained now in
about 10% of labels for drug approved by the FDA. A
significant increase of labels containing such informa-
tion has been observed over the last decade. Many

7

reports suggest that genetically determined metabolic
capacities of drug-metabolizing enzymes have the
potential to improve individual benefit and risk rela-
tionship. However, more and more prospective studies
with clinical endpoints are needed to actualize ‘per-
sonalized medicine’. Recently, genome-wide associa-
tion studies (GWAS) have matured into effective tools
for mapping genes to examine pharmacogenetic traints,
including drug metabolism, efficacy, and toxicity.
GWAS is a very powerful tool to elucidate new biomar-
kers with high odds ratio. On the other hand, microR-
NA are a group of non-coding RNAs with modulator
activity of gene expression. We found that miRNA-
dependent regulation of CYPs and nuclear receptors is
toxicologically and pharmacologically important.
Recent new approaches have provided new insight into
the mechanism of interindividual difference of gene
expression including drug-metabolizing enzymes.
(Rinsho Kensa 54 :1107-1113, 2010)

1) Department of Drug Metabolism and Toxicol-
ogy, Faculty of Pharmaceutical Sciences, Kanaz-
awa University, Kakuma-machi, Kanazawa 920-
1192, Japan
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JIRNRNY itamzERa T3 LBELRNBERER (¢0 3) REO

Bl X
SY—Z(@)

% I HARH O FH & 815

wH B

By F b2 0L P-450 (CYP) %k L7-RiEER
ABAZ ) -V FROREICL Y, F AN HE
F TS SN BHILEYHEMEEICH 5 L Ebh
Twa., b MIBITA2RENLE IHAREEEE L,
FvruryBiEAEEE (UGT) Thh, HELELD
MERRPEEINTETWSE., LarL, CYPER

RATERRRER A 7 ) — =  Z DR HIFHEA TV W,

UGT @k b in vivo KBS D FH R DT X, UGT
DA RV ERTHER L Twi v, HFRYHEER
PN E, EHREPROLNLZ L, SHICHEeR

HWICL D UGTHELRZ EXRBREZEEL (L TWD,

BB, HEB LU/ CB T 2 FREED T4
. TV EFF SR HBIAEREWIE, BERA
b UAR=Y —DOREEZIT B, ENERBICKIT
THEBORSVLETH L. 5%, CYPEDOEIHE
SENABRRNY FRICER TE 2R OMBED
HffshTns.

1. L&

RISEDMIPBREIC BV TRYE R IR T AMET
RREBILICR2EMR, EEZELIRPLEZESDR
Twb, TOBRBITE IHAEDRHEE, 512 CYP

el LIEBEMECSREOERZ L LICHY,

BIBAVHABRRE D &7z O §HRK TOBIVERFEBL O[] 812
EHET, BAVERZ LTS, TF, BIEMHK

(A) (B)

456

Metabolism
[ Renal
[@]Bile

FEICBWTCYP ISR T 2 BEFEPCHEOMER
BT BN H 2IEEWIA 7 ) — = 7 CHE &
NTwb. ZOHKE REREEZZTHENMEWR
CYP DIA At 3 BE 35 TRl X h 2 16 W A3 hnfe )
Zh 5.
EUHASRBRERE L LT, UGT HERAEE
(SULT), Z V¥ 5+ v fai#E (GST), 7tF i
ABEE (NAT), 73/ BIagRe A Fvis w iy
ABEEFLONATVS, M1, ROy T
200 DEEGBOEERH# 7V 75 v AEIZOWTRT
(1). 2975205 LRHHH 72% & 5o (K
14), 203 b#70% 23S CYPTH Y, ®IZUGT, T~
ATFIF—F¥, T795VUVEARE/ FXFIHFF—F
(FMO), NAT, €/ 73 v+ %3 ¥ —¥ (MAO) @
JETH 5. HENMBETIIUGT PEERHRE (&
Ko#15%) THH, KWTNAT (&0 2%) T
»5 (K1B). #0MMoE NIARBREOHST,
kv 7200 DEESTIEIEE STV EWL, 72, &
FNTOENMRHBRRE ERTAHEERADIZEA
I UGT oG- H#iiy s h, HAERHFLEMEDOH 40%
ZUGTHHoTwaA L WwIHELH2(2). #EoT,
FRRBICBWTRIEFEEZET A E IHNHBEERIT
UGT T 1), A%Tit UGT Ol L EESE% % H
LMTIRRB .

©

B UGT1A1
Ecyr UGT1A3
UGT [3]JUGT1A4
8] esterase 4] UGT1A6
FMO UGT1A8
NAT B UGT1A10
B MAO UGT1B4

UGT1B7

E1 RO~y 7200 DEEROFERBI VTSV O £LDEE)

FoU—F: SV rurBRiaE, mRRE, BETH

SRARY EERROIER E¥R EWRBLEPEE (T920-1192 LR MAT)

E-mail: tyokoi@kenroku.kanazawa-u.ac.jp

Title: Evaluation of phase II drug metabolizing enzymes in the discovery stage.
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Author: Tsuyoshi Yokoi

186



% [ ARAH OFHE & 812 335

[4-MU glucuronidation |
UGT1A6

1 UGT1A8 '

g

S
8

0

@
=3

11 Substrate inhibition 1§

V(nmoVmin.mg protein)

Michaelis-Menten

00

Sigmoid

TERIIMTLULENDS.

In vitro T D RAEAE R 2> 5 in vivo 7
V7 v AR FRHT A LIE CYP
DHEED IR VHAETHS. In
vitro TIX 79X F TV V%2 LELT S
FEERE LBZRORIDEFEVZDIZ,
FHlE 13 in vivo D FEHEZ 12 5 212

UGT2B7

000 0.50 1.00 150 0 0.005 001 0015 00000
V(nmol/min.mg protein) / [S](uM)

[ 1-Naphthol glucuronidation |
JUGT1A3 oo UGT1A9 R

0.03 10

o
3
2

i
3
S

0.02
05
0.01

*
Substrate inhibition Sigmoid
0.00+ 0.00

V(nmoVl/min.mg protein)
o

UGT1A10

Michaelis-Menten

0.0002 0.0003

THZZEHEW, FIZ70Y—AT
iE, K@ 10 EEWZ L bbb,
foT, £V invivo IZEWEZED
NBE bAIS R A b OfEFAHELRES
<, hah, REGEANEORELERT

* ALENHL. I 70V —=2DORBR
2 2% DFMBETNT I Y EREFMT B

1 . 0.0+
0.00000 0.00004 0.00008 0 0.005 0.01 0015 0.0 0.1
V(nmol/min.mg protein) / [S)(uM)

2 UGT HFERRRICELD 4MU & 1- 7T b=ILDI Lo O VERESRILD

Eadie-Hofstee 70w b (Z#k 7 £DHZ)

2. Jirnr@giasiEE (UGT)

UGT X, 7=/ —NESLTINVI—VEIIHLTO-
T YBIEE, WVKRYVBINH LTI AT VALY
vrua Bis, £1~3%kT7TIVICHLTN-Z7 WV
7o v rMET A LML TWAS,. UGT
I UGTL £ UGT2 7 7 3 U —4'% bV, UGTL ix1
DOBETHS I3BEORZ -T2V v 1 DFEIR
BWATSA AL o TEL DGFFENEREHRL, 7V
V2~5ZFAUCEMTHAS. UGT2iZ 62007
POELBEORIEFHEETH S, UGT d—#ic3Hk
BEREIMEVZ EFMONTWwWA, 1 HEEO UGT
PUTRORSEZDMELZD, 1 ODFABERBICHE
HBOUGT HBHEETAHELE . FFE/MBICEWE

#7235 ), UGTIA8 % UGTIAL0 /M IcE S BHL,

HTIEEHRL TR,

1) UGT OEMAIFE

UGT iZ/MEAEBERRANICHEE L TV A 22 H12, in vi-
tro TOWEMEEEIZ I HBEELE CTH L UDP- v
B2 (UDP-GA : 3-5 mM i) R#E : oo % E
FERIZ, MEBEICREBRI2BETHLT I AT

¥~ (30-50 uM/mg protein i) 2Nz 5 LEFRDH 5.

BREL LT, TRETHIEMFIZ OV -2,

BOTHEEHRABET I PASXIIA M2 HWS.

NN A MIZHEBEREMZ A LB VD, BD
TRiTHZ7-DIERSRONAEEICHS. B
ZVT I AOERICE, EEORSTHNET 5 HE
bHDHD, MALRBERAPOHERTEZY. L)bITH
ERARICILTRBWZIEL LORET 2 485D
5. L2L, 2L 0B C3REHWATHRSh TV
WL, TV ra v BEERNABETHLE TN
su=¥— Y% HPLC%%HWCTELPRERL

03 04 05

LHEBEBINIGEDH DY, FEHER
DREDOEESLEL Y (3), XE
12X o TR DR EN D bk
WHELH L. & 512, invitro DK
IZBWT, UGTERMERILINTFHLEZVE
WIERDRD LN LEEDDH 5 (4). ZDiEHEE,
—EDHREADEEREDOATED LNIBHEHNE L,
HHBEA B SEREVLETH LHEHDO—DT
bbH LI, FvrurBEAsKREDYE FED
UGT ¥R L TOABVWERHELXRT I & D
BLLZRW(G)., 8512, #BEZOSMMTH S UDP
MBS FREOEMAEICH 2L D HSNTW S

6), TOBZRIZFISEP TCOREERERBVEEIC
BOLNE., FUEEICH LT, Bi25TFHEN kL
BEATA 2R TIELRBEICELLEND S
(H2) (7). UED & H1Z, UGT DIEHHIZIZEE LTI,
ZLORFICL B2HBEBIIHRFICER L) LEVDHS.
2) UGT A FERERE LHEERR

AEEHILEY O ER#H FREOREFHEiZ CYP
DHELAKTHH. LarL, UGT 3FFHEEOE
HREBOEEMEIMENDIC, T OEELTERKTS
CEPHETHE. L MFIZ 0V —LIIBITAES
FHEBRERNZEEL LT, UGTIALIZIZEY VE V¥
72T A M VA -, UGTIA3ZIZ MY 7vtax
7V v, UGTIA9 Il 7a KR 7 # ), UGT2B7 IZi%
ENTAVERIZV N TV VEFERT A, RO
FMFIZ Y —ACREEESTF—F V- ELTH
FEND LI oTES ZROZHANT, BEME
HWLEWD I Vs 0 Y BRAER L &S FREOENE
OHBEEZREFTA. ZORICE MFI 70y —A0k
BIZBWT, FHTFREOEEMEIBEEICHRLTWS
VENH 5.

UGT # FHEREHZ Z AV THRBESLAY 2 A%
S, AFEERAZETS. ZOBAITH UGT DWW
EREHRETLZRTHLENDY, in vivo #E K,
Tk, BeEEIRE T low affinity DB 5 3
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VFHET A 0END 5.

FHESABR IR ICBEICENT AL EXNH 5. UGT
DOHFREFENZAERIBEMOR TRV, o
T, ZEARMITIT high affinity DB % HEE X L TH
WA HFESERI NS, 5612, FIzuy—2A
& UGT RBIAROWE COMEEH % LB+ 5 4
ENhHbH T L-WETHHBETE L VREENES
NaZLHHY, TRICIIFI 7y —2aL UGTH
BAROMEB BT HERBEOERIBEL TS LE
Abh, 361, NOEKROBEOEEFRBEE IO
WT, Ky, [Cs0 B X UMHBERMEZ ZB L TR
LEUENRH L.

3) UGT L EYRMHEEER

UGT |ZE R 3 % 54 A EVEH O EESIL CYP &
HELTELIDR, ZOBEIBVELEIATWS
(1). BRFIOF L Kiang 5I2L o THEESNT
W5 (8). MERBILEWIIBVWT, FVvru i
EVREHEIERTH Y, B—FRETHIESNLEE
ZiE, EWBHAEERZEE L RS UETH 5.
mTY, NRUEETHLEY VY V2 REeMETE
50 FHEIZUGTIAl DA TH B7:012, HEICLY
BYYNVEVIEPERINLEGAEYH L), 7z,
CYP 12 X AW As UGTIALl 258 FHET A Z & A8
BYUYNEVIEDERE 258D H 5D TEREMN
WLETH S (10).

ENTAvEFEEELTSHUGT2B7 X, 7Y VIV
A FERRIES% & O RRIICHES 20 FHET
»%. UGTIA3 b EDfEEME DL hrbTHEL T
5. TIYNVTNVZaF A4 FOFHEMFHEICOVWTIE
BELTCVRV. BREMILED L ZOREWI v
RYBERETLEAENEV-DIZ, SHBOERNLE
Pl O ARE T2 T B (11).

UGT 12 PXR (pregnane X receptor) % CAR (consti-
tutive androstane receptor) (2 X o THEBAFH + S
TWh7DZ, 29 LABEERTFORBAICEEL RIZ
FTIEWIIOWT, AERRETERTLILENDS.
BRERTFIIRABREOERICRIZTHE D EE WM
Bk ShTwikw, 512, UGT i Nrf2 (NF-
E2-related factor 2) X o TREAHZZITTEY,
XV, BhFa—, X—FF¥ N EoHEBEFMHIL
EWEIC L - THEE R 2T, BHEEBIIBELRIZT
EDBEZOLND.

BEFSEICOVWTIE, AEUEEICHETS2EH
%%, Grigler-Najjar SEfEH < Gilbert JEBEEICDOWTEE
LAAFFEENTW A (12). RE T, WA /7
B v DFEBREIZDOWT, UGTIALI*28 D &I=TFZ B
DEREIZ DWW T OB A 2008 4 11 B2 57380 &
HNQRV-

4) UGT OfEE LREDT
FEIZOVWTIE, FLWIHIREHRIED TH%R W0

PHRTHE. 7 VOSTFHEOBIZ, <7 AICHEK
LTHENLHEWA3). v bBLUYYADFI 2
OY—ATRAITIIVR M) 7 VvFuxRsII oo
s n Y BEEEREIRETE LY, FIzuy—
ARZBFBLA NI VG = VDT Vr 0 v BASTEE
DKy lt, E NERABETH DD, Vo ik hD 15
i EEm(14).

In vitro 2*5 & b in vivo ~O 4% BHE L 7> in silico
RORFEIZE, FHERZ)T 5 ADFHUILETH
5. TOIHITIZ, AR, FCBRBERKCBTS
FHNHRAFREEIOVTOFLVWERKRY PLE
THDHH, MEFERL TRV, AT V-V
DTNV uYBEAERDOZ TS Y RE, b FTIR
FFeMBTi, BIRALTHSLH, Sy bBIUwy
2T, MELOVFT7THIEIESY. hoEEICBWw
THFBRDOEM RO b (14).

EBREYICBIT A, UGTHFHOMEYE, HIE,
HERRE, SOICERBHRBEECOVTYH, &5
FELCKETL, BIERRBRBICETA2LENH L. B
H91ZiE CYP & [AARIZ relative activity factor (RAF) 12
LBFUNRTELIENFETN TS,

3. Wik EBFE (SULT)

TREE A % it <4 5 SULT 12, £i2p-=bu 7=
=N EDT 2 ) — VEKEEE BT ALEWR,
TRLVFEY Y, FRAIVRZAMuF v EoNREE
MBS EEETAHSULTI 773 —, 7ha—=)
HAKBESCHEMEA 704 FEERE L35 SULT2
TrIY=¥t, TIVRFEELTSSULTI»H 5.

Z < ONEREWEORBIZE L L THRBRITEHRD
LAIlFmohTwas, LaL, BELFEWEUSND
EWENREY ORBRAICOWTIIREMONTS
5%, I/ FVIYNVOMICIE, FEFV 7Y, 50
FV T2 rRFTOFE Y ORBO—ERICES LT
BV HENH S, SULT 3ESTICEINE 7S
KA MEEHRRY) 7 = 7 —VALEWIZ X o Tl <
HEINLEENDHH. LrL, EWZLoTe Mi
BIEATEEAHE SN -HEITE Y, 512, SULT
X PXRIC & o TEHREFRMHIN T WA, PXR M
b3 2 Y2 X ZHEEHOHE D EV 20, BIRT
BT R AR B CHEBI OER 2 30 MBS L wEE
ZAbNTw5h.

4. TIaF+ aAE68BE (GST)

GSTIZKEMD IV F4 v L BBEFHOILEY
EOHRERS R ST AR TH Y, FICHTEEE
BT A, TN FF VAL VLEMOKE
HIZE LS ERL, EHCRIAFNOHMLIRET HE
ErEdhtgEo—oThH A Thbh, GSTIE
FIZ CYP 12 & 2 EY O RBHEHALISIC L - TH
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Uz Rptrp g (RISHR#Y) Lorvy s+
ORISR L, Ay vy B ¥ OEKES T
ETF I M EEAZ LN CIERAHA. € b GST
i 16 EEM Loy THEzDH A5, SEESA T v
— %3 FHTHhH b, GSTA R GSTM & FH i1 & E 4%
BYEAE, BHTRIZOVTERETFZHARFESIN
THY, HTH GSTML B X F GSTTL DL /KIER
OTVVHEEZEDICH% THY, RIEEEEZ
EHosfmERL, BETENRIGECAONS.
GSTM1 & GSTT1 O+ % KB L Twbt M,
1) (15 Rharyyyr(16) 12X 5EYMT
BEDHEAGEIIEVWI ERAREINEE I T
5. 4, BREOBHERBIZBNT, EICCYPICE-
THERE NS ISR #Y O A& K % in vitro FEXIC T
FHTHRBIBEAIITONTWAS, ZOREIE, in
vitro TRISHERBHI O TV E F 4+ T 57 DR BIE
T550THY, oHERHFYHEOBELREL 2V
T, T¥7 MR EN 7V F4 &% MS/MS
THET 5. KISHEREDOMHEREOMAZE L BIEH

BHROMBICABENEELTVwALEZLNTWA,

5. 7tEFIaeBER (NAT)

PARERE S aH L T 3IF, fiGBES V=T
FRRIEMEBEREANL 7 74TV ) Y 3,
N- 72 F ke CCTRPICHRES R, 72 FvibE
HRIZEFFLWEAAESZDOONLZ LIXHL2HM
ENTW3B,
PM (poor metabolizer) ®#E|&1x HANTH 10% TH
5. REOEWERIIBWT, A V=F7YVFKLY77
YEYVOPRICBWT, NAT2 OEEEWE b T
i, E NIV VOERIGER T A FEEREDY X7
DEL b EMEINTWE (7). FAFERTI VT
IvReAFatAL sy 7 IO N-KBLEZ,
NAT 25 O0-7 Y WMKIZT 5 LIk - THEMLE RS
e, BOLEPAME OBBHEI TR THSD,
B 2EROBEIIBOTESRLTWA.

6. X FIVEBREBE

6-ANVATNT)Y, 6-FFT TV RT7THYFAT
VYDXF M EMIET LBRETHLTFF TV S-
AFVEBEE (TPMT) 1, PMICB) 5 EMEE
GEOEEBLBERABRTERLTHS. TPMT OIF
PEIARIMERE JFFCTHBET A, HRATHESEATWS
PMEIT# % *3C DBIZTHEH 0008 TH Y, BE
BEOEFEKRETETSHPM THhLHRIIHDT
Kwv2s, RREHICEYWORH A TPMT TX F Vg
BEZIA2BEIC3EENVLETHA.
HEENYWECTCHALH T2 -7 I, L-DOPA %
AFIENRLEDHFa—VEE X NF USRS
LHFTENE S CHEET ABETHLH T IV O-

INODREIE NAT2 I & o Tl S,

AFNEFT YR T725—¥ (COMT) 12 BIETFLHE
WCEABAEPRESNTWS, T A MFVa—p
LAERT S DNABERODH 2 77 a— VENORH
% COMT 252 Z L2, HADBADEE) X7
EDHEBGEDRIBENT WA, BWREFIFRDS EW
Ok ANy

7. BIHBARHBEREISAR—F—

HAEBREBHE N5 v AR — 7 — 3R ER
LTwabZE2s, i, MERERZETHL IS
NTHRTWE, FTERSNZIVy o BREeHRD
% { 1%, MRP(maltidrug resistance-associated protein)
212 & o THEITFHICHRE S L, MRPL % MRP3 12 & -
THAEFICHRE S n B, 7V 7+ vHasthd MRP2
2 MRP3DOEEL %25, HEBREAEMHIZEL LTBCRP
(breast cancer resistant protein/ABCG2) D #'H & 7
LI EFHESNTVE. B P T v AR—F =8
EYOANERBICRIZTTEEL HARERBCTLERE
RTHH05, RAFEELFARKICERWICTFMTE S
invitro A7) — =V F ROMLBSHOBRETH 5.

8. &HWIC

MREEHILEDIE IHBEZCEER#FEINLY
BlTiE, YBBRTEHOBAZSORE*ZET 54
BhHAH CYPIZLARBHHFZSIHRERIGER
T ZRAEWICOWT O EREREZZE L 2T
HORWEENH L. ZOBREIZE, BAICE bBX
UEBRBYW OIS A PEHWT, FIMHEENM
RBWELRARICTMT 52 LRI NE, BAE
RCELPITBIFL2DIC, TV FE bANX MRS
FrEPMEDNBROTWE, 5%, FEBEEREEOT =
JIACYTRATO—-TERLH 7 TV Ta—TORE
BLEEBEbhA. Wk, £ IAEBEES CYP &

- RURFELOVICEIEL, 4 TATRER & 4 I HIBER %

UHENICERTE 5 FUROHEENZE T NG,
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1. Introduction

Human CYP2E1 is one of the pharmacologically and toxicologically important cytochrome P450
isoforms. Earlier studies have reported that the CYP2E1 expression is extensively regulated by post-
transcriptional and post-translational mechanisms, but the molecular basis remains unclear. In the
present study, we examined the possibility that microRNA may be involved in the post-transcriptional
regulation of human CYP2EL1. In silico analysis identified a potential recognition element of miR-378
(MRE378) in the 3'-untranslated region (UTR) of human CYP2E1 mRNA. Luciferase assays using HEK293
cells revealed that the reporter activity of the plasmid containing the MRE378 was decreased by co-
transfection of precursor miR-378, indicating that miR-378 functionally recognized the MRE378. We
established two HEK293 cell lines stably expressing human CYP2E1 including or excluding 3’-UTR. When
the precursor miR-378 was transfected into the cells expressing human CYP2E1 including 3/-UTR, the
CYP2E1 protein level and chlorzoxazone 6-hydroxylase activity were significantly decreased, but were
not in the cells expressing CYP2E1 excluding 3'-UTR. In both cell lines, the CYP2E1 mRNA levels were
decreased by overexpression of miR-378, but miR-378 did not affect the stability of CYP2E1 mRNA. In a
panel of 25 human livers, no positive correlation was observed between the CYP2E1 protein and CYP2E1
mMRNA levels, supporting the post-transcriptional regulation. Interestingly, the miR-378 levels were
inversely correlated with the CYP2E1 protein levels and the translational efficiency of CYP2E1. In
conclusion, we found that human CYP2E1 expression is regulated by miR-378, mainly via translational
repression. This study could provide new insight into the unsolved mechanism of the post-
transcriptional regulation of CYP2E1.

© 20089 Elsevier Inc. All rights reserved.

addition, special attention should be paid to the fact that CYP2E1 is
the most abundant isoform among all P450s in human liver (56% of

Human cytochrome P450 (CYP) 2E1 catalyzes the metabolism
of numerous low molecular-weight xenobiotics including drugs
(e.g., acetaminophen, isoniazid), organic solvents (e.g., ethanol,
acetone, carbon tetrachloride), and procarcinogens (e.g., N-
nitrosodimethylamine) [1]. CYP2E1 is induced by its own
substrates such as isoniazid, ethanol, and acetone, resulting in
the enhancement of their metabolism [2]. It should be noted that
the induction of CYP2E1 protein by these chemicals was not
necessarily accompanied by an increase of CYP2E1 mRNA level [3].
The proposed mechanisms for the induction of CYP2E1 are the
stabilization of mRNA [4] or protein [5]. Previously, Sumida et al.
[6] reported that the CYP2E1 mRNA levels in 15 human liver
samples were not positively correlated with the chlorzoxazone 6-
hydroxylase activities, which is a probe activity of CYP2E1. In
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total P450) at the mRNA level, followed by CYP2C9, CYP2C8 and
CYP3A4 (8-11% of total P450) [7], whereas it is the fourth most
abundant isoform (about 7% of total P450) at the protein level after
CYP3A (30% of total P450), CYP2C (20% of total P450), and CYP1A2
(about 13% of total P450) [8]. Collectively, the post-transcriptional
regulation would be responsible for not only the inducible but also
the constitutive expression of CYP2E1 in liver. However, the
molecular basis of the human CYP2E1 regulation largely remains
unknown, in contrast to the other human P450s for which much
progress has been made in understanding the regulation mechan-
isms at the transcriptional level.

To uncover the molecular mechanism of the post-transcrip-
tional regulation of CYP2E1, we sought to determine whether
microRNA (miRNA) might be involved in the regulation of CYP2E1.
MiRNAs, an evolutionarily conserved class of endogenous ~22-
nucleotide non-coding RNAs, recognize the 3'-untranslated region
(3'-UTR) of the target mRNA and cause translational repression or
mMRNA degradation [9]. The regulation by miRNAs is involved in
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diverse biological processes, including development, cell prolifer-
ation, differentiation, apoptosis, and cancer initiation and progres-
sion [10-12]. The human genome may contain up to 1000 miRNAs
and 30% of human mRNAs are predicted to be targets of miRNAs
[13]. However, the targets of miRNAs largely remain to be
identified. Based on the evidence of the post-transcriptional
regulation, we investigated whether miRNAs might be involved in
the regulation of human CYP2E1.

2. Materials and methods

2.1. Chemicals and reagents

Chlorzoxazone, 6-hydroxychlorzoxazone, and coumarin were
from Sigma-Aldrich (St. Louis, MO). NADP*, glucose-6-phosphate,
and glucose-6-phosphate dehydrogenase were purchased from
Oriental Yeast (Tokyo, Japan). The pGL3-promoter vector, phRL-TK
plasmid, pTARGET vector, and a dual-luciferase reporter assay
system were purchased from Promega (Madison, WI). LipofectA-
MINE2000 and LipofectAMINE RNAIMAX were from Invitrogen
(Carlsbad, CA). Pre-miR miRNA Precursors for miR-378 and
negative control #1 were from Ambion (Austin, TX). RNAiso,
random hexamer, and SYBR Premix Ex Taq were from Takara
(Shiga, Japan). ROX was purchased from Stratagene (La Jolla, CA).
ReverTra Ace was obtained from Toyobo (Osaka, Japan). All primers
and oligonucleotides were commercially synthesized at Hokkaido
System Sciences (Sapporo, Japan). G418 was obtained from Wako
Pure Chemicals (Osaka, Japan). a-Amanitin was purchased from
Calbiochem (San Diego, CA). Goat anti-human CYP2E1 polyclonal
antibodies and rabbit anti-human GAPDH polyclonal antibodies
were from Daiichi Pure Chemicals (Tokyo, Japan) and IMGENEX
(San Diego, CA), respectively. Restriction enzymes were from
Takara, Toyobo, and New England Biolabs (Ipswich, MA). All other
chemicals and solvents were of the highest grade commercially
available.

2.2. Construction of reporter plasmids

Various fragments were inserted into the Xba I site, down-
stream of the luciferase gene in the pGL3-promoter vector. The
sequence from +1559 to +1580 of the human CYP2E1 mRNA (5'-
TCA AAT TGT TTG AGG TCA GGA T-3') was termed the miR-378
recognition element (MRE378). A fragment containing three copies
of the MRE378, 5-CTA GAG TTT TCA AAT TGT TTG AGG TCA GGA TTT
CTC GTT TTC AAA TTG TIT GAG GTC AGG ATT TCT CGT TTT CAA ATT
GTTTGA GGT CAG GATTTCTCT-3' (MRE378 is italicized), was cloned
into the pGL3-promoter vector (pGL3/3xMRE). The complementa-
ry sequence of three copies of the MRE378 was also cloned into the
pGL3-promoter plasmid (pGL3/3xMRE-Rev). A fragment contain-
ing the perfectly matching sequence with the mature miR-378, 5'-
CTA GAA CAC AGG ACC TGG AGT CAG GAG T-3' (the matching
sequence of miR-378 is italicized), was cloned into the pGL3-
promoter vector (pGL3/c-378). A fragment from +1549 to +1627 of
the human CYP2E1 mRNA containing the MRE378 was cloned into
the pGL3-promoter vector, resulting in single (pGL3/UTR1) and
double (pGL3/2xUTR1) insertion. A fragment +1627 to +1657
excluding the MRE378 was also cloned into the pGL3-promoter
vector, resulting in single (pGL3/UTR2) insertion. DNA sequencing
analyses using Long-Read Tower DNA sequencer (GE Healthcare
Bio-Sciences, Piscataway, NJ) confirmed the nucleotide sequences
of these constructed plasmids.

2.3. Cell culture and luciferase assay

Human embryonic kidney cell line HEK293 was obtained from
the American Type Culture Collection (Manassas, VA). HEK293

cells were cultured in Dulbecco’s modified Eagle's medium
(DMEM) (Nissui Pharmaceutical, Tokyo, Japan) supplemented
with 4.5 g/l glucose, 10 mM HEPES, and 10% fetal bovine serum
(Invitrogen). These cells were maintained at 37°C under an
atmosphere of 5% C0,~95% air.

Various luciferase reporter plasmids (pGL3) were transiently
transfected with phRL-TK plasmid into the HEK293 cells. Briefly,
the day before transfection, the cells were seeded into 24-well
plates. After 24 h, 170 ng of pGL3 plasmid, 30 ng of phRL-TK
plasmid and the precursors for miR-378 or control were
co-transfected using LipofectAMINE 2000. After incubation
for 48 h, the cells were lysed with a passive lysis buffer and
then the luciferase activity was measured with a luminometer
(Wallac, Turku, Finland) using the dual-luciferase reporter assay
system.

2.4. Establishment of two HEK293 cell lines stably expressing human
CYP2E1 including or excluding 3'-UTR

A fragment containing the full-length coding region as well as
3’-UTR of the human CYP2E1 cDNA (from +34 to +1667) was
amplified by PCR using the primers of 5-ATG TCT GCC CTC GGA
GTCAC-3"and 5'-AAA ATA ATC ATG TGA TGATTT ATT TAT ATT CTG
GG-3'. A fragment containing only the full-length coding region of
the human CYP2E1 cDNA (from +34 to +1516) was also amplified
using the primers of 5-ATG TCT GCC CTC GGA GTC AC-3’ and 5'-
CTC ATG AGC GGG GAA TGA CA-3'. These fragments were
subcloned into the pTARGET vector and the resultants were
termed pTARGET/CYP2E1 + UTR and pTARGET/CYP2E1. The nucle-
otide sequences of the plasmids were confirmed by DNA
sequencing analyses. HEK293 cells were seeded into 24-well
plates, and 500 ng of pTARGET/CYP2E1 + UTR or pTARGET/CYP2E1
plasmids were transfected using Lipofect AMINE 2000 according to
the manufacturer’s protocols. At 48 h post-transfection, the cells
were passaged and subsequently grown in medium containing
400 pg/ml G418, and diluted from 1:10 to 1:1000. The selective
medium was changed every 3-4 days and individual G418-
tolerable colonies were selected after 2 weeks in culture. Tolerable
clones were screened by immunoblotting and measurement of
enzyme activity. We confirmed that the CYP2E1 protein level and
the enzyme activity were sustained regardless of the repeated
subculture.

2.5. Transfection of precursor for miR-378 into HEK293/2E1 + UTR
cells and HEK293/2E1 cells and preparation of cell homogenates and
total RNA

The precursor for miR-378 was transfected into the HEK293/
2E1 + UTR cells and HEK293/2E1 cells as follows: the day before
transfection, the cells were seeded into 6- or 12-well plates. After
24 h, 10 nM precursors for miR-378 or control were transfected
into HEK293/2E1 + UTR and HEK293/2E1 cells using LipofectA-
MINE RNAIMAX. After incubation for 48 h, the cells were harvested
and suspended in a small amount of TGE buffer [10 mM Tris-HCl,
20% glycerol, 1mM EDTA (pH 7.4)] and disrupted by freeze-
thawing three times. Total RNA was prepared using RNAiso
according to the manufacturer’s protocols.

2.6. Determination of the half-life of CYP2E1 mRNA

The HEK293/2E1 +UTR cells and HEK293/2E1 cells trans-
fected with the precursor for miR-378 or control as described
above were simultaneously treated with 2 pg/ml a-amanitin.
Total RNA was prepared at 1, 2, 3, 4, 5, 6 and 9 h later. The
CYP2E1 mRNA levels were determined by real-time RT-PCR as
described below.

192



