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L-E-3: CYP2CO BIEFEHRL INT 7 ) VISEHOBAZE - NHZE

I-E-3-1. CYP2C9 BT SR DOIKYEHE - 5&?%&&:‘&&?‘%@ ‘

' CYP2CY (AT X / B:490, #TEL T8 :55.6 kDa) i b FATHEAIZFEHL L TV 5 cytochromeP450
P 20% % ED, FUEEE (S-TAVT7 7V SSWFRY), ITADARE (Zx=ha) R
BORERBRE (MTHIFRE) 2 Ei‘“ﬁiﬁ@ﬁéb\ﬁw? TURATUvy N REERE
B (Bor7Hnyrizy), x7ad Mibtizﬁ% (NSAI])s s Vrnr=F s, v—7
R (F5€3 F) ZCBROCEA SN TV 3RNORBICEE LT, BT, Thbo
CYP2CY EEEY L RBAETELHEE (Jr7 v l) ORI IEDHEERHLS

EREIHLTWVWS. : ‘
. BEE TOF, CYP2CY ﬁﬁ‘s%gvﬁéz LT CYP2C9*30 ¥ THERET LANHE SN T BH

(http:/fwww.imm ki.se/CYPalleles), CYP2C9*6 &.CYP2C9*25 (7 L— A 7 M & 1) CYP2C9 #

URIEBRRBRLERV) LSMNIT I VBREREMHS 1 ﬁ%ﬁﬁ (Single Nucleotide Polymorphisrh;
SNP) ThB. ZNHOERRNTOE A TRINCEY 6 2DOATOF L FIN—F (HA; 1A,

1B,1C, 1D,2,3, H&A ; 14, 1B, I¢, 1£ 15, 3) KABENTVS. NFRILFIN—T 2 E SN

—7 3BT CYP2C9*2 & CYP2C9*3 BAB D, i, BoEORMARNT v & A THATIC

X Y CYP2C9 & CYP2CI9 DATT 5 A4 TR, BEEhTWE?). EZ|R CYP2C9 %
27 VL O HBAEEEIT I ATEENED bh, EA&;*z (13%), *3 (7%), *11 (13%), BAR

*2 (3.4%), *3 (1.5%), *5 (1.8%), *6 (<0.5%), *11 (23%), BEAEELT 7 Ai2*3 (1.8%)
(%4 1408 BEAOHDBEND D) BERERYMT LA THS. BROERT LAIZONT,

B AT 7 AN B LT RTD CYP2CY HRE O HBEE N <, _nz:{’tm&o))\ﬁ%

—WEELTNBY.

In vitro FT CYP2C9 fhm&mﬁ(@ HDLVIHMETTHZ &ﬁ=ﬁ¢éhrm6%£&7 191%
" (CYP2C9*2, %3, *4, *5,*11 *12,*13 *14 *I5 *16, *18,%26,*28,*30) IXIZEED LN D2, invivo TH
C RERAHEMOETAEBENTVSERIL CYP2CI*3 & CYP2CI9*6 IZBR bR D, BIb, invitro
R T CYP2C9 BEUC X ARBFEHOBETHRO ORI L LTH, Bx OEBEMOENEE S
2 H—RBEHFEIC LD invivo DIRMITEHEIC RIET CYP2CO EROBBOREZENIC L Y R
B. B, DUTFINELDE D CKREMKRTHRERNEVEY (52%) Tik, 25207
SR (CLtot) DHESNIIBZ VT T AKET B0, To & CYP2CY DRESEIC K Y F
A2 Y75 % (Clinth) #MEFLAELTSH, Cliot ~OEBRBEHLATLES (E1H,
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BREETAE (ERERY) TCPCIBEERETIREOBAICOLERNICAEL 25
CLtot DIE TR B - AAREMN HB). 7, =& A TERWEEBRRBIFRBICKET 2EWTH
5Tb, CLtot BRIV (FrHHE>03) BHTiL, BIRAESROHS, CLtot IFFMFELIC
LKTET A7, BEZRIC L 5 CLinth DE{ERERECLit iCRBRIhR2WZ L283H 5. T biT,
CYP2CO DEE Th 5 FFRMEUEN HENHE LESA ThoTh, TOENDFFBIC CYP209
LIS DR BIEERABS L THY, CLinth 2T 5 CYP2C EiENFERBEVEY (Prn 7
=2F o b TEI KRR E) TH, inviro BRTESENE CYP20O BETSHIC X 5 RBTEHD
16 F 252 D% E EHEMIC invivo 12331 B CLtot 82 0 CL (CLpo) NETFIKRB SN 3R TR
W EiZ, CYP2CO BEFSIUT L Y CLiot 2MET L, BHRIBICHT 5 F9 M0 FIREE (Cpss,ave)
B ERETBHEETHoTH, FABHRLEMER LV o L RYBEHICRET 5 DICIEDM
*ﬁﬁo)%@iﬁmﬁ%%%@%%ﬁﬁ HRBERICBVWTRENRICERNICER T 2HEEA (0
PRE— %%Eﬁ@?@ﬁ%kﬁkﬁ) i i3 bRBTD, EROBKDHT CYPICI SRIT L Y 5k
4@%%»%%1&5 k#%%k&orwéﬁmw EGDLZBEINT7IRT == A VI
 BRLATWA. | | |

Invivo T CYP2C9 RBNEMD LR IR T A ERITEKRERR ENTWVWIRWA, invitro EERTIL
BB L%%ﬂ‘é% L LTHEL OENEEAE (CAR, PXR, RXR, VDR, GR, HNF3 e /4 72 &)
MHEET B L RBESH TS Y. LaL, CYP2CO DREFM A b =X AOHMIIALHT ‘
2, BT U7 ADHE, BERESN TV CYP2CI BEFOER - #BREROERDS
T CIY in vivo TR®H bh D CYP2CY FEHED 10 FLLEL DR ERBAZED SHEE LMHRBAT
& BITTERNWD

1E-3-2. U7 7 ) v OFEESHROBAZICEET 5RF

TAT 7YY (WP RRFBLUKSOENUE, #RATRLVEASATVWIHEEECTHY, B
B A CIHE OB 5 TR — OEEETHB. L L, HisEZHE (INR; hterational Normalized
‘Ratio, PT B2 RIERET LORKTRELE) OEAZSAZ D WF ORERITBH
B 104EME b R2Y, BERORESER EHECRETHS. Fiz, WF OEHRERIIA
A - BACHE L TEAAREEAR Y DT ST ATHRL, NEBEOHELFR S TNS.
Tz ‘C’#i»éz X WF 2 n&s5% WF SR icBh 5 ¥ TOENEIRE (Pharmacokinetics; PK) (ZB8
BB E, WFALPEBATHrOAEESRE (NR) 28R T H5ETOBEHS
(Pharmacodynamics; PD) ICB8 BRI T, ThEROBRICH 3 BAZCED S
BEoN\T, BERAZSLTITA, BA, BALWIREIAE - RESREAT58E%
SR ORMEERTE . TORKR, WF O PK & PD OBARCHZNEAOBRICES
FBRRBRETERENAE EBLTHAD LABLMILE. WF OREROBAZICRE

+ PK & PD KBb 3 ZhbOREFEROFEORERDIUL, m&a%ﬁunwaﬁﬁ%‘
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BREOEZEVEHALNL2Y, ThODOBEETEREAAL TEZE LI L 0 EE2 WF OFIRH
SROBRE (7—7—A— FiEK) X TE57EMERDHS.

R o yer—

EMOBHR, H5VHEHERIILETERVRE (Co) KASXEBINS. WFiLTiges
ICHLEP DRI S (Fa=10), FFREICL VAT BEY (Ac2%) THZOT, BAKE
?’é@ﬁﬁﬁfﬁt:i’srf % WF O EIHBER Cp [Cuss,ave = (Dose/ « ) /EEK CLpo (= CLpo,u) ] i,
BREOHNHEYE FEF2 Y7 7> X, CLinth=CLpoy) TREINSD. 7, WFIINZE
HEOERRAY (S€Ik) OBAL LTHRSA TS, FRESRIE S-WF 55 RWE L
D3 ~ SHRNTHS. EOED, WF OREESHRICEAZS b7 b3 PK LOEE & LT
i, BEDSWF OERMERTHS CYP2CY BHUNEEL 25, MBOTL <, CYPIC Mt
ETICEET DL &N5 CYP2C9 ERE T VADHBBEICIIABESFEL, BACBIT3E
R7TVNMEERBEAL DBV D, Thit S-WF OFFREEHOAEZE (BRADFHEAL
Y CLpoju XKREW=HIZ, BEB/Kg IHAABTCIZFZ LV ORI hb LT, Cuss,ave X A&
ADFBED 1) iIZH2 L b—BEFE LTV ITEERSHSD. £ 2 TR 1T CIP2C9 DFRE
BFAR (*1/*1) BEIZOVT Clpo,u # AAA - AR THE L7, TN THH CYP2C9 RE
B BRADERRErole. TIT, #1/30 BEABET 5 & Sha CYPICO O 5 Lk
DREFERICOVTRNL, BAAL AAOHEET Y. ZORRE, 5 LFBICBNTLE
BOBRGFERSBD LN, £DOWN 4 HFTD SNPs it CYP2C9*3 ERE, EiZBID 4 HFO

 SNPs i CYP2CO%2 R EIEHERLITY > 7 LTV, LisL, ERSER Y ER e, BAR

NTaZA 7“%:753“6%%‘03512@ S-WF REHEMZ BAA L BARTHE LTh, Ry BERA
? S-WF k?ﬁ”éﬁﬁﬁ%ﬁﬁ)ﬁb:o 7D LU EDRRENS, AL EZFAFa‘iTE’B&’) Bi’bé CYP2C9
REFEAEDOABEIENOTRERL 5 Lﬁﬁﬁ@:ﬁﬁ%@ii@ﬁf RUATE T, thoERNIE
B3z LammahE. .

LLED &5 72 RAtHE R 2 212 NONMEM HiC & 9 BERMBR 17> L 25, WF ® PK k0
RERF TH D S-WF OFFREITEY (CLpou) RAREEETTLEXONAEED 078 Tick
BIL, CYP2CO*3ER, 7an—sv_r X7 avn iz ¥0O CYP2CO EHRIES 5 MO
BHAEORE, A (HEALBA - BA) SEBRET L LTHE S,

BEETOL A, CYP2CI BREFOLEERT ww)qzr*azs)\uowc WF BRICRIT 56
FREOE N & 2z ShTWALRIL CYP2C9*3 DHTHB. CYP2CI*3 EREZHTSEEAD
BE TIX S-WF DFFRBTEMIMET L, %@%@ﬁx WF @ZF*}QE:E-E@{&TL#.% &\.E KRB L
TW59 (R 1). -

- - . 1561



CLint,h (mi/min)

wtiwt  wt'3 *3r3

S-WF DFFR#E

Dose (mg/d) |

WFD1BE5E
5 .
-
4t
3t
2t
1t
‘wtiwt  wt*3. *3M3

M 1. BAAICIH 5 S-WF OFFREIEH (CLinth) & WF BERICRIES CYPICO*3 BEROYE

wt: FART LA N

BAEDRRIT, CYPCO*3 BREAT BHEEITH LT INR ZHBRIC= > b u—1+ 5010
EE/2 S-WF @ Cu 2 BFARBE & RRICFROHITIE, WFOBREBYET T3 L4EMETHR L
LOTHD. SWF OFFFRBHEMOET AR in viro R THE SN TN CYPICI*2 (BED &
I 5 BRANTOFERRBER TR R CYP2CO*I BRT LAD WF BRI RIETHEBI-
VT Lancet? JAMAOIZ #8145 S hi- AR RBRE R % & & W5HE, UFORBIEIND. _

kWF OB ERETIZ CYP2CO*2/*3 BERBBENRSV (CYP2C9*2/*3 ERIZXY S-WF ©

CLpo,u 24EF L, Cu® INR 5 LT 370, BEEISMD SN B THEIERDS).
* 2N b OERYBE CHEE LA FBESE 285 b ORMAINE (CYP2CI* 273 ER
1LY SWF @ CLiot BETL, HHMIER L, EHRBIBET BRMAE 25T

BiEXEH D).

* ERBBE TIT WF HAHRIIZ INR @J:BE%: ;";_5 YZAZBEW (SSWF DO Cu D ERIZES

AR H D).

*ZREBER CHMAMOHMBESBY (SWF O Cu 0 LR X 5 THENSS) .

| 1E34.WF OBEECHET S RETER

WIZ WF DBZAHE(PD) IOV TER TH S &, WFIFFIBIZ BT E S I K ¥ 7 4 (Vitamin
K epoxide reductase; VKOR) #MZEL, ¥# IV K KEFLZEBRT (FI, VI, IX, X) DEE
LEBETHI LY, HEBEHE INROLR) $RETS. foT WFBE—INR BEK
BB+ AR HAOETF L LTIk WF OBEEOER#Z 2 Ths VKOR EMNEEL 2B,
Box i WF 3T 5B OV THIBESR (N0 £ 0t 0HEER S-WF RE [Cu ()]

6T —
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THEELLE [INRCu ()] 2AVCIHELIAR, BAAOTHEREASEALD bBEVE
(BEHRE) THHILERVWELE . CoFREALMKTHHICmfES Nomal
Prothrombin #EE (NPT) £ L, S-WF =& 0 INR 5 E54 588 %, Cu(S)-NPT, R NPT-INR
D2 SDBRITS T, WF OB W T ABEOFEDT ELRE L. TORE, Cu(S)
D LEFITH NPT L ABET T 3IBRICIHE LV ATEAED LA, NPT DETICEY |
INR 2 LA 3 2 BRICIARLAEZIIED bz o7 (H2). '

- (A) ' o (B)
200 [ .r :
o
) ® E** o) © E**
5F O (]
150 | o BA . o BA
- ar
E
g) 100 I % 3r
|_: —
o 2 b
Z 5t
b
0 0 ——
0.1 1 10 100 14 10 100 - 1000
Log Cu(S), ng/ mL o Log NPT, ug/mL._

2. f#fh S-WF EBEREE [Cu (S)]— Jﬁlﬁq’ Normal Prothrombm BE (NPT) EUNPT—
INR @Bﬁﬁ?

X2 oEENS, BERATIIAA, %AL%&LTﬁwCuw)ﬁETEA%ﬁAaﬂﬁﬁk
NPT VAR ETTE3Z 8L Lok, ﬁEo'C IBHEATD NPT VNVZRB &S h 31
REETEAE D~<— 2 5 4 U (AATHA—ZF L AENRRAAL Y BEOTERIE), 5\t WF
Ik % VKOR MEEH (BAATiZ VKOR HEFEMSBA LY BV ) m\fmh (zbz:
VIIFER) ITABESNFET SFEES TR I '

VKOR 29\ \ Tk 2004 £ H) T ED—H (VKOR complex subunit 1; VKORCI) DYEEF]:
6 AFHDERET LV Nature N Sk, BANTHE SNl 6 HFD SNPs 12V Tid WF
MEFRAVCERERFRERRTRAINELOTHY, ThbDRAXLRVWAANTIIHEIIHT
b5, LHrL, FEIDIIRRIIE WF FREFDOBABELZRR E LTITONERKRART,
VKORCI O intron 1 DER (MBCD KLY WFREERKE B TH L B Eh .
SNTT UL R RED IV —T i G VKORCI ORMRATT 5 4 PRTRENSE S0 Y,
intron 1 DER (1173C>T) &t 5 DDIEIEFSL Y > 7 T2 SNPs 23 VKORCI O mRNA RRE,
TR WFBREBRORERTFTHD I LBRINE. 2WVWT, B4R NBEROHREENAE
ABETIL 0891 THADIZHL, BATIZ0422, FEIZBEATIZ0086 THY, TRUBEEIC
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ZLVWAEEREDOLRZ I LERELED. HEiez
BIZOWTARAL BABE Y RHRICHBRHN LARER, BABRKICZOEROBEICL VEBE
—~SIRBMROMEE K E < 72 ) BEMNEL 252 L &BLA Lk (2 3). iz, VKORCI 1173
DR—BEFEEZE LTV, S-WF O Cu-INR BRI BAA & BAOB CHRREAERIIED &

nighot= (E43).

DERN S;WF @ Cu-INR BAERIZRIZTE

Genotypes of VKORC1 1173 C>T variant

Wild (C/C) Hetero (C/T) Homo (T/T)
4| o 4t € o) 4
X . N 8 ©° 3 a’o o
Z %‘%@ ° % .
m— 2 6 © 02 @0
1 * ° 1 .g °

Cu of S-Warfarin (ng/mL)

l 3. S-WF wm#ﬁﬂpﬁﬁﬁﬁ/iﬁﬁa INR @B@ﬁ%&cﬂ' VKORCI 1173 CT %%@%@
- O; BA, @; BEA,

0

Warfarin Dose (mg/d)
[~}

- Genotypes of VKORC1 1173 C>T variant

ALL

cic cIT

1T

%k

NS

NS

s =

c J

(n=67) (n=62) (n=32) (n=3)

c J

J

(n=26) {n=8)

' (n=9) (n=51)

c J

4. WF 5RO NI RIES VKORCI 1173 C>T EROKE
C; BA, I; B&EA, **p<0.01, NS; Not Significant
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KiZ, CYPICO BABBEERRICLT (WF BERICRIET CIPICY EROBBLBRE)
WF 5 BIZOWTHEERALHADKEZT-7- (K4).
ERTHUBRTIEEFAORERIZAABELVAEIC DRI 22, VKORCI OFI—
genotype %ﬁ?‘é%%’(’liAEK?)\#b O WFBREEIXIZEE Lot ¥/, ZOLEREP~
78, HHIVRAEETCHETIBEOBEICHEARLICIVERED WF BEB55hTHY
- (gene-dose ﬁl%bﬁﬁf) , BEABEZD 80%&.!:51@%‘&0)?55!/ VREERE EHLTNSZ &8
HEA L. —FCZORRIE, HEE=Y bo—LDEHIic AARABEOR18% (5 ~ 64iC1
£) 1, BRAOTH WFRER (133 mgd) U EESBELTA@EFHEELTWEI L
LIRLEZbDTHS. RICWF#FBROBERNEBCRIETREEFYPOLMCTIENT, &
 ERBATETo MR, 8, (KE, CYP209, HTNC VKORCI O genotypes 3 WF&#&@%‘E
RESRTFTHY, ThoDEFITL Y WFHRFBOBAZOMN 0% BB TEXB L 2 HHM
I C& D WF B 5 ROBARZICRIETEO Vitamin K (K77 5EBE ¥ > 75 & (F-1, F-VIL F-X,
y -glutamyl carboxylase & € DPIEHE VKOR [AE # > /%7 T 5 calumenin 72 ¥) DBEFSED
RECOVTHBREPERZEIN TV DY, TNHDOERDEEIL VKORCI R CYP2CO IZHBT B L
DTRBAESNEEXLRE S, i, B, BIRELIEESICRIFT VKORC] KR O RS
HEAEHRE LTRMSH, MOEEECTHIREASE T b o — A BRI B LT
'VKORCI BHER (WF BEHEAE genotype) %8 LTV BEANH0 2 R = & R8s Sh i
'9), BIAREE LA EEBAL T O MATERITIX Vitamin K IZHK % L - BE R OEM(E2EES LTUV 528,
ED X SRR TITHIT 5 VKOR OBREFNZHOWT, SEOBRIRHEIND.

I-E-3-5. B8P Yiz. :

HEDORREDD, WF O PK AR (BAAOHNEAL ) FREEERE) 0L 0L
fefih S-WF REDAEE (ARAOEARAALVIEV) i3 VKORCI I2 k5 PD D AR (B
ADFHBREANL Y BERENE) THBEINT, SHROZEAAD INR REA LD EICEEY
ALTWe, ZOX5IT, &EE2 WFORSEDREFECESERIFT WF O PK & PD it
HRT 2 HFMOANBERTFET B2, 4%, BKAAT—FZCESBBRYA K5 L 2AK
ABEITHEET 258101, PKPD @21 bDOABEORNBERAR THSD = L ATHRENS.
IRLDOBRFPE WF BRERICEDONBEAZE - ABEICIT WF OFRBIESICEST 5
CYP2CO RR LRIRIC, BRMUDEBRT ThH VKORCI RRBKECEELTVDZ L EHL
Ml ipoteiod, KE FDA TIPSR, WF OFMXBIZ CYP2C9 & VKORCI (B84 3 EF
HREZEBMTDHDORMERL L. %72, PGxHealth fficizt:ﬂ#m: VKORCI! Bi=F2Mix v
MERETIBETFEL TN, Lo LERATHIARETOHRBENAALRRS LD, 4
%, RAANCHITZABEBROBEIMLIZAT TING OREFREOHAMICONT, BAA -
B3I L7 prospective ZRESHE L Sh T W5, '
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1. FC&HIC

DAZFPVYAYIA (777U 8, Bl
CFUAT7 P EER) IZEEICRD I A
ENTOHEOFREETH 5217, HEHIR
WHRBIRINR 2B 2D ELIhs
77V VEERIZ05~70mg/ B L BAOK
TR ELEOBEAZEYRDZ. 22T, 7107
7 Y vEEOBEILE B8RRI AT
b, TA7 7YV v BEBOBAZRIHET 2
UNT7 7Y DEYEEE (pharmacokinetics:
PK) 7L 77 Y VOBHAFTHEES S
YK R¥r FBILERESE (VKORC) Bk
UBHE#S FIC B 1) % ¥ /7% (pharmacodynamics:
PD) DB AMEBSER OB B I N T 3,

2. 7177V PK OEARZHER

HROUVVZ7 7Y BAIR1IND (SHEER
&) 2 RESE»P SR B IhTtHB. S
-7 7Y yORBEEEEIIREED S 3

~5fERVd, PK LOBAZERE LTt

ST 7Y YOERBBOBAZNERT
b3, SEINVT 7Y Y ORELICIEFEDR

BEERF b 20— 4 P50 (CYP) 2099y FHDS

BRI ST 27, ZOCYPSTE

- OEEERXET 2 EESRN S h? ERY

Wi, 9 CYP2CO Bl BAEBHEICHIT
TCYP2O) BEEFORBEROLRBRR LT
b, TOBRRBF—IR—RcFLdohT
W3 BRATTLLASEORBENS Y
CYP2C9*2 & X TACYP2C9+3 D 135 & & #a
(SNP) ZRLUF CYP209%24 £ CERE 7L L
L BT CYP2C9+1 DE% (CYP2C9+1A, B, C,
D) BBRINTWV3, CYP2C9%6 (7L —Ls
7FER) PBROTRLT1IEEER (SNP)
T & 5. CYP2C9%2, CYP2C9+3, CYP2C9+6,
CYP2C9*11 =R, invitro CREINBE
EHOBEETOAL ST, invivo CHOSHE
TN7 70 REEEDET L REBOETIC
SRBENZERTH B, MOLEFLILIC
DB Tiinvivo 7V 7 7 Y VREEK & OB
BEIEZABEERZ S DBZE W, Bz, hsnE
BE7VAREELZRIL, BBEACHLER
CYP2C9 2B T2 L EEI N 2 BEMIcBVT
LBOTRKELIL7 7Y v PK DBAZEDE
ET 570, 7V77Y) v EEBOBEAZIE
b 5 BEBEROBRRIE CYP2CI 55 D FEBR

* BRAENARRYERY (T 204-8588 M EE 2-522-1) | |
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BEIEL  HRMLEI N7V 7 7 Y VEERILA~DE 431
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ABSTRACT:

CYP2C9 and CYP2C19 are clinically important drug-metabolizing
enzymes. The expression level of CYP2C9 is much higher than that
of CYP2C19, although the factor(s) responsible for the difference
between the expression levels of these genes is still unclear. It has
been reported that hepatocyte nuclear factor 4« (HNF4a) plays an
important role in rsgulatlon of the expression of llver-ennched
genes, including P450 genes. Thus, we hypothesized that HNF4a
contributes to the difference between the expression levels of
these genes. Two direct repeat 1 (DR1) elements were located in
both the CYP2C9 and CYP2C19 promoters. The upstream and
downstream elements in these’ promoters had the same se-
quences, and HNF4a could bind to both elements in vitro. The
transactivation levels of constructs containing two DR1 elements

accepted March 10, 2006

of the CYP2C9 promoter were increased by HNF4a, whereas those
of the CYP2C19 promoter were not increased. The introduction of
mutations into either the upstream or downstream element in the
CYP2C9 gene abolished the responsiveness to HNF4a. We also
examined whether HNF4a could bind to the promoter regions of
the CYP2C9 and the CYP2C19 genes in vivo. The results of chro-
matin inmunoprecipitation assays showed that HNF4« could bind

"to the promoter region of the CYP2C9 gene but not to that of the

CYP2C19 promoter in the human liver. Taken together, our results
suggest that HNF4« is a factor responsible for the difference be-
tween the expression levels of CYP2C9 and CYP2C19 in the human
liver.

Cytochromes P450 (P450s) comprise a superfamily of meétabolic
enzymes that play important roles-in the oxidative metabolism of
xenobiotics and endogenous substrates (Gonzalez and Gelboin, 1994).
The human CYP2C subfamily is composed of four isoforms -
(CYP2C8, CYP2C9, CYP2C18, and CYP2C19) that account for
about 20% of the total human adult liver P450 contents (Shimada et
al, 1994). Among the CYP2C subfamily 1soforms, CYP2C9 and
CYP2C19 play critical roles in the metabolisin of clinically used
drugs (Goldstein-and de Morais, 1994). It has been reported that the
expression level of the CYP2C9 gene in the human liver is about 20
times higher than that of the CYP2CI9 gene (Furuya et al., 1991;
Romkes et al., 1991; Inoue et al., 1997), indicating that there aré some
differences between the regulatory mechanisths of CYP2C9 and
CYP2C19 gene transcriptions. It has been reported that pregnane X
receptor, constituﬁye_ androstane réceptor, glucocorticoid receptor,
and hepatocyte nuclear factor 3y participate in the basal expression of
CYP2C9 and CYP2C19 genes (Ferguson et al., 2002; Gerbal-Chaloin

This work was supported by a grant-in-aid (17790112) for Young Scientists (B)
from the Ministry of Education, Culture, Sports, Science, and Technoiogy, Japan,
and a grant-in-aid from the Ministry of Health, Labor, and Welfare of Japan
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Article, publication date, and citation mformatlon can be found at
http://dmd.aspstiournals.org.

doi:10.1124/dmd. 106.009365.

et al, 2002; Chen et al., 2003; Bort et al., 2004). However, .the
factor(s) responsible for the difference between the expression levels
of CYP2C9 and CYP2C19 genes is still unclear. _

Hepatocyte nuclear factor 4a (HNF4q) is a member of the nuclear
receptor superfamily (Sladek et al., 1990) and is expressed at high -
levelsin the liver, kidney, pancreas, and small intestine (Sladek et al.,
1990; Thomas et al., 2001). HNF4« appears to be an important factor
for liver differentiation and function because it is'involved in regula-
tion of the expression of numerous liver-enriched genes, such as those
related to glucose or lipid metabolism (Watt et al., 2003), those related
to synthesis of blood coagulation factors (Sladek and Seidel, 2001),
and drug-metabolizing enzymes, including' CYP3A4, CYP2AS6,
CYP2C9, and CYP2D6 (Jover et al., 2001). It is thought that HNF4a
binds to a specific DNA sequence called a direct repeat 1 (DR1)
element as a homodimer to stimulate transcription of these genes
(Cairns et al., 1996; Tirona et al., 2003; Pitarque et al., 2005).
However, HNF4a does not always transactivate all the genes that
have a DR1 element. For example, it has been reported that a DR1
element exists in the CYP2C18 promoter but that HNF4« does not
bind to the DR1 element of the CYP2CI8 gene and does not trans-
activate this promoter (Ibeanu and Goldstein, 1995). ‘

It has been reported that there are two DRI elements in the
promoter region of the CYP2C9 gene, and HNF4a can activate the
transcription of this gene via the DR1 element (Ibeanu and Goldstein,
1995; Chen et al., 2005). We also identified two DR1 elements in the
CYP2CI9 promoter, but it is not clear whether these elements are
functional. Therefore,-to clarify the mechanism determining the dif—

ABBREVIATIONS: P450, cytochrome P450; HNF4a, hepatocyte nuclear factor 4a; DR1, direct repeat 1; kb, kilobase{s); kbp, kilobase pair(s);
EMSA, slectrophoretic mobility shnﬂ assay; ChlP chromatln immunoprecipitation; PCR, polymerase chain reaction; WT wild- type MT, mutated.
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ference between the expression levels of CYP2C9 and CYP2CI9
genes, we hypothesized that HNF4a contributes to the difference
between the expression levels of CYP2C9 and’ CYP2CI9 in the
human liver. The 5'-flanking regions from —2 kilobase pairs (kbp) to
the translation start site of these genes were ‘analyzed by electro-
phoretic mobility shift assays (EMSAS), cotransfection assays, mu-
tagenesis, and chromatin immunoprecipitation (ChIP) assays. Our
results suggest that HNF4a participates in the regulation of CYP2C9
gene transcription but not in that of the CYP2C19 gene despite the fact
that the same DR1 elements exist in both gene promoters. ’

Materials and Methods

EMSAs and Supershift Assays. EMSAs were performed using double-
sttanded DNA labeled with [y-*?PJdATP (GE Healthcare Bio-Sciences, Pis-
cataway, NJ) and 10 pg of the nuclear extracts as described previously
(Furihata et al., 2004). The following is the sequence of the oligonucleotides
used as probes, wild-type, or mutated specific cold competitors: 5'-ACAA-
GACCAAAGGACATTT-3' for the DR1-A WT, 5'-ACACCCCCAAAGGA-
CATTT-3’ for the DR1-A MT, § '-AG’I‘GGGTCAAAGTCCI‘I’I“ C-3' for the
DRI-B WT, 5'-AGTCCCTCAAAGTCCTTTC-3' for the DR1-B MT, 5'-
TCGAGCGCTGGGCAAAGGTCACCTGC-3' for the HNF4 WT, and 5'-
TCGAGCGCTAGGCACCGGTCACCTGC-3' for the HNF4 MT. Only the
sequences of the sense strands are displayed above, and mutated nucleotides
are underlined: Nuclear extracts were prepared from HepG2 cells by using a
CefLytic Nuclear Extraction Kit (Sigma-Aldrich, St. Louis, MO) according to
the manufacturer’s protocol. After extracting nuclear contents, the protein
concentration was determined by using a Bio-Rad Dc Protein Assay Kit
(Bio-Rad Laboratories, Hercules, CA). The nuclear extracts were stored at
—~80°C until used. . '

For competition experiments, unlabeled competitive double-stranded DNA
was added to the binding reaction mixture at'a 50-fold excess of the probe
amount before addition of the probe. For supershift assays, either 2 ug of IsG
against HNF4a (2ZK9218H; Perseus Proteomics, Tokyo, Japan) or control
mouse IgG (sc-2025; Santa Cruz Biotech, Santa Cruz, CA) was added to the
binding reaction mixture at room temperature for 30 min before addition of the
probe. .

Plasmids. The 5'-flanking regions of the CYP2C9 and CYP2C19 genes
were isolated by polymerase chain reaction (PCR) with the common sense
primer 5'-ACCTCTAGATTGCTTTICTT TGCCCTGTAT-3' (for CYP2C9
and CYPZC19) and the antisense primer 5'-GAGGACCT! GAAGCCTTCICT-
TCTTGTTA-3 (for CYP2C9) or 5'-GGGGACCTGAAGCCTTCTCCICTT-
GTTA-3' (for CYP2CI9) using human genomic DNA as a template. The
amplicons were subcloned into a pGEM-T-easy vector (Promega, Madison,
WI).- After Xbal and BamHI digestion, the fragment was ligated into a
pGL3-basic vector (Promega). These constructs ‘are” hereafter referred to as
209 —2k and 2C19 —2k, respectively. The nucleotide sequences were deter-
mined using a Dye Terminator Cycle Sequencing-Quick Start Kit (Beckiman
Coulter, Fullerton, CA) and a CEQ 2000 DNA Analysis System (Beckman
Coulter). Fourteen deletion constructs were generated by nested PCR of the
primary clone using the following sense primers: 5'-TCTCTAGAGGTTAA-
TCTAAATCTAAGAATTCA-3' (2C9 —380 and 2C19 -330), §'-ATTTCT-
AGAGCATCAGATTATTTACTTCA-3' (2C9 —340), §'-ATTACGCGTGC-
ATCAGATTGTITACTTCA-3¥ (2€19 —340), 5'-TCTAGAGTGCTCTCAA-
TTATGATGGTG-3' (2C9 —320), 5'-TCTAGACAGTGCTCT CAATTATG-
AC-3' (2C19 —320), 5'-TTTTCTAGAAATACCTAGGCT! CCAACCAAG-

“T-3' (2C9 —255), 5'-TCT. AGAATTACCAATACCTAGGCTTCAA-3' (2C19
—255), 5. ATACGCGTAAGGAGAACAAGACCAAAGGAC-3"(2C9 — 195
and 2C19 —195), 5'-TTTCTAGATATCAGT GGGTCAAAGTCCT-3' (2C9
—~160 and 2C19 —160), and 5’-ATCTAGATTTCAGAAGGAGCATATAG-
T3’ (2C9 —140 and 2C19 —140). The antisense primer used was the same as
that used in genome cloning. The obtainéd 5'-deletion fragments except for

209 —195, 2C19 —340, and 2C19 — 195 were lransferred into the pGL3-basic:-

vector as described above. 2C9 195, 2C19 —340, and 2C19 —~195 were

inserted into the pGL3-basic vector by Miul and BamHI digestion. All the

constructs are named as shown in parentheses. .
The cDNA clone of mouse HNF4a2 was isolated from mouse liver cDNA
_ by PCR amplification and was subcloned into pTARGET mammalian expres-
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sion vector (Promega) by EcoRl digestion, resulting in pHNF442 as described
elsewhere (Furihata et al., 2006). C : .

Site-Directed Mutagenesis. Site-directed mutagenesis was carried out as
described elsewhere (Furihata et al., 2004). To introduce mmutations into the
reporter plasmids, complementary primers harboring 2 few nmuitations were
designed for each target site as follows: 5'-GGAGAACAAGACCT . _GGA-
CATTTTATTITTATCTGTATCAGTGGG-3' and 5'-CCCACTGATACAG-
ATAAAAATAAAATGTCCA _ _GGTCTTGTTCTCC-3’ for the CYP2CY
DRI-Amt; §'-CTGTATCAGTGGGTCT _ _GTCCTTTCAGAAGGAGCAT-
ATAGTGG-3' and §'-CCACTATATGCTCCTTCTGAAAGGACA _ _GAC-
CCACTGATACAG-3' for the CYP2C9 DR1-Bmt; 5'-CGAAGGAGAACA-
AGACCT _ _GGACATTTTATITTTATCTCTATCAGTGG-3' and 5'-CCA-
CTGATAGAGATAAAAATAAAATGTCCA _ _GGTCTT! GTTCTCCTTC-
‘G-3' for the CYP2C19 DR1-Amt; 5'-CTCT. ATCAGTGGGTCT __GTCCTT-
TCAGAAGGAGCATATAGTGGG-3' and 5'-CCCACTATATGCTCCITC-.
TGAAAGGACA__GACCCACTGATAGAG-3’ for the CYP2C19 DR1-Bmt.
The mutagenic sites are underlined, and spaces indicate deletions of 2-bp
nucleotides. ) .

Céll Culture, Transient Transfection, and Dual Luciferase Assay. FLC7
cells (Kawada et al., 1998), a human hepatocellular carcinoma cell line, were
provided by Dr. S. Nagamori (Kyorin University, Tokyo, Japan). FLCT7 cells
were maintained at 37°C with 5% CO, in Dulbecco’s modified Eagle’s
medium/F-12 (Invitrogen, Carlsbad, CA) supplemented with 10% hiat-inacti-
vated fetal bovine serum and 50 U/ral penicillin and 50 pg/ml streptomycin.

FLC7 cells were plated at a density of 1.8 X 10° cells/well in 24-well plates
1 day before transfection. The reporter plasmids (200 ng/well) weze cotrans-
fected with pHNF4« (100 ng/well) and phRL-TK vector (Promega. 4 ngfwell)
into FLC7 cells by TransIT-LT1 (Mirus, Madison,: W1). Twenty-four hours
after transfection, luciferase reporter activities weré measured as described
previously (Kobayashi et al., 2004). The Renilla luciferase activity derived
from the control plasmid phRL-TK was used to normalize the results of the
firefly luciferase activity of reporter plasmids. Experiments wete performed in
triplicate, and each value is the mean * SD. from three or four separate
assays. ) '

ChIP Assays. ChIP assays were performed by using a ChIP-IT kit (Active
Motif, Carlsbad, CA) according to thé manufacturer’s protocol. Human liver
(from a S6-year-old Caucasian male) was supplied by the National Disease
Research Interchange (Philadelphia, PA) through HAB Research Organization |
(Tokyo, Japan), and this study was approved by the Ethics Committee of Chiba
University (Chiba, Japan). The human liver tissue (2.4 g) was isolated and’
chopped on ice and then cross-linked by 1% formaldehyde for 12 min.
Cross-linking was stopped by the addition of glycine solution. The chromatin
was sheared by using an ultrasonic disruptor UD-201 (T 'OMY SEIKO, Tokyo,
Japan) at 25% power with 14 pulses. Nine micrograms of the sheared chro-
matin was immunoprecipitated with eitlier control mouse IgG or anti-HNFéa
1gG (2ZH1415H). After incubating for 4 h at 4°C with gentle rotation, salmon
sperm DNA/protein G agarose was added to the mixture, and it was further
incubated for 1.5 h under the same conditions. The DNA fragment was purified
and used as a template for PCR. The DNA sequences arout_xd.DRI elements of
the CYP2C9 and CYP2CI9 genes were amplified by using the sense primers
5" CAACCAAGTACAGTGAAACTG-3' (for CYP2C9) and 5'-CAGAATG-
TACAGAGTGGGCAC-¥ (for CYP2C19) and the antisense primers 5'-TAA-
CACTCCATGCTAATTCGG-3' (for CYP2C9) and. 5'-AACACTCCAT-
GCTAATTAAGT-3' (for CYP2C19). The specificity of the CYP2C9 and
CYP2C19 primers was verified by the lack of amplification from sheared
genomic DNA than the intended target. PCR conditions ‘were as follows: 94°C
for 2 min, followed by 94°C for 30 s, 47°C (for CYP2C9) or 50°C (for
CYP2CI19) for 30 s, and 72°C for 30 s, 40 cycles. The amplicons were
visualized by ethidium bromide staining, and the sequence of each amplicon
was confirmed by direct DNA sequence. .

Determination of mRNA Levels. To measure the CYP2C9 and CYP2C19
mRNA levels, cDNA prepared from total RNA of the same human liver used
for ChIP assays was subjected to guantitative real-time PCR with an ABI
Prism 7000 Sequence Detection System (Applied Biosystems, Fostér City,
CA). The mRNA levels of CYP2C9 and CYP2C19 were determined by using
Gene Expression Assays (Applied Biosystems) gene expression products for
CYP2C9 ‘and CYP2C19, respectively. The mRNA levels were normalized
against glyceraldehyde-3-phosphate dehydrogenase mRNA. determined by
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Fie. 1. Nucleotide sequences of the promoter regions of the CYP2C9 and CYP2CI9 genes. Nucleotides are arbitrarily numbered in negative numbers from the ATG coding
for the initiation codon (+1). Differences in nucleotide sequence are highlighted in bold letters, and putative. HNF4« binding sites (DR1-A and DR1-B) are indicated by

arrows.

PreDeveloped TagMan Assay Reagents for glywaldchyde—S-phosphate dehy-
drogenase (Applied Biosystems).

Statistical Analyses. Data are presented as mean = S.D. The p values for
each experimental comparison were determined using Student’s 1 test. -

Results

Identification of Two DR1 Elements in the CYP2C19 Gene.
comparison of the 5'-flanking regions of the CYP2C9 and CYP2C19
genes is shown in Fig. 1. The 5'-flanking region from —2 kbp to the
translation start site of the CYP2C9 gene was 88.8% identical to that
of the CYP2CI9 gene. We searchéd for the DR1 element in the

‘CYP2C19 promoter by using a searching program for nuclear receptor

binding sites (http://www.nubiscan.unibas.ch/; Podvinec et al., 2002)

and found two putative DR1 elements (score, =0.75). No other DR1-
element was identified with this score in this region. The upstream and . -

downstream elements identified in the CYP2C19 promoter had the
same sequences as those of two DRI elements of the CYP2C9
promoter to which it has been reported that HNF4« can bind (Ibeanu
and Goldstein, 1995: Chen et al., 2005). The upstream elements and
the downstream elements in both genes are hereafter referred to as the
DRI1-A element and the DR1-B element, respectively.

Binding of HNF4a to the. DR1-A and DR1-B Elements of the
CYP2C9 and CYP2CI9 Promoters in Vitro. EMSAs were per-
formed to examine whether HNF4a could bind to the DR1-A and
DR1-B elements in the CYP2C9 and CYP2C19 prométers. We used a
nuclear extract prepared from HepG2 cells -because it has been re-
ported that this cell line endogenously expressed HNF4a (lhara et al.,
2005; Furihata et al., 2006). As shown in Fig. 2A, specific protein-
DNA complexes were formed when the radiolabeled probe containing
cither the DR1-A element (DR1-A WT) or the DR1-B element
(DR1-B WT) was incubated with HepG2 nuclear extracts (lanes 3 and
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. 9, respectively). These complexes migrated at the same poéition as

that of the one formed with the radiolabeled probe of HNF4a con-

_sensus (HNF4 WT, lane 1). The formation of the complexes was

eliminated by the addition of self-competitors (DR1-A WT, lane 4;
DR1-B WT, lane 10) or unlabeled HNF4 WT (lanes 6 and 12).
However, complex formation was not inhibited in the presence of
mutatéd competitors (DR1-A MT, lane 5; DR1-B MT, lane 11; HNF4
MT, lanes 7 and 13).

To determine the proteins forming these complexes, supershift
assays were performed using IgG against HNF4a. The addition of
anti-HNF4a IgG to the mixture resulted in generation of a super-
shifted band when either DR1-A WT or DR1-B WT was used as a
probe (Fig. 2B, lanes 3 and 7, respectively). Control mouse IgG, used-
as a negative control; did not affect the formation of any complexes
(lanes 4 and 8). These results indicate that HNF4« can bind to.both the -
DR1-A and DR1-B elements of the CYP2C9 and CYP2C19 promot-
ers. : ..

Effects of HNF4a on the Transcriptional Activity of the

" CYP2C9 and CYP2CI9 Promoters in FLC7 Cells. Cotransfection

analyses were performed by using human hepatocarcinoma FLC7
cells to examine whether HNF4a played different roles in the trans-
activation of the CYP2C9 and CYP2C19 promoters. We have deter-
mined that this cell line does not express endogenous HNF4a (Furi-
hata et al., 2006). Several constructs containing various lengths of the
CYP2C9 promoter region and the HNF4a expression vector were
cotransfected into FLC7 cells (Fig. 3, left). The Jevels of the tran-
scriptional activities of the five constructs containing two DR1 ele-

“ments (2C9 —2k, 2C9 —380, 2C9 —340, 2C9 —320, and 2C9 —255)

in the presence of HNF4a were increased to 49-,2.4-,42-,4.0-, and
3.5-fold, respectively, compared with those in the absence of HNF4a.
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Fio. 2. Binding of HNF4a to the DRi-A and DR1-B elements of the CYP2C9 and CYP2C19 promoters in vitro. A, EMSAS were performed using nuclear extracts prepared
from HepG2 cells with the following probes: FINF4 WT in lane 1, DR1-A WT in lanes 2 through 7, and DR1-B WT in lanes 8 through 13. Oligonucleotide competitors
were added with 50-fold excess amounts of the following probes: DR1-A WT in lsne 4, DR1-A MT in lane 5, DR1-B WT in lane 10, DR1-B MT in lane 11, HNFA WT
in lanes 6 and 12, and HNF4 MT in lanes 7 and 13. Symbols ( +) and () indicate the presence and absence of the nuclear extracts or competitors, respectively. B, supershift
assays were performed using antibodies specific for HNF4a. Anti-HNF4a IgG (2 pg) was added to (he reaction mixtures in lanes 3 and 7. Control IgG (2 ug) was used
as a negative control (anes 4 and 8). Symbols (+) and () indicate the presence and absence of the nuclear extracts or IgG, respectively. The arrow indicates supershifted

bands. .

However, the transcriptional actviv_ity‘ of 2C9 —195 was not increased
by HNF4a despite the fact that this construct contained two DR1
elements. Deletion of the DR1-A element (2C9 —160) or both ele-
ments (2C9 —140) from the promoter region abolished its response
for transactivation by HNF4q. The same experiments were also per-
formed using eight different deletion constructs of the CYP2CI9
promoter (Fig. 3, right). In contrast to the results obtained from the
CYP2C9 constructs, the levels of the transcriptional activities of
CYP2C19 constructs were not increased in the presence of HNF4a.

Deletion of the DRI-B elements of CYP2C9 (2C9 —140) and -

CYP2C19 (2C19 —140) from the promoter regions abolished the
transcriptional activities in the presence and absence of HNF4a.
Mutation analyses were performed to examine whether HNF4«a
required two DR1 elements for its transactivation ability (Fig. 4). As
for the CYP2C9 constructs, HNF4a could stimulate the level of the
promoter activity of the wild-typé construct (2C9 —2k) to approxi-
mately 4-fold, but the introduction of mutation of each DR1 element
resulted in complete loss of transactivation of the mutated: CYP2C9
promater 2C9 DR1-Amt, 2C9 DR1-Bmt) by HNF4a (Fig. 4, left). On
the other hand, the levels of the ranscriptional activilies of constructs
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FiG. 3. Effects of HNF4w on transcriptional activity of the CYP2C9 and CYP2CI9 promoters in FLC7 cells. Deletion constructs (200 ng) of the CYP2C9 or CYP2C19
promoter were cotransfected with 100 ng of HNFa expression vector (pHNF4«; open bars) or 100 ng of an empty vector (pT, closed bars). Two HNF4ar binding sites
are shown n circles. Each value is the mean * S.D: of relative activity (firefly/Renilla) for four separate experiments, each performed in triplicate. », p < 0.05 and *#,
P < 0.01 compared with the empty vector.. Luc, luciferase. " . -
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Fig. 4. Mutation analysis for two HNF4a biuding sites of the CYP2C9 and CYP2CI9 promoters in FLCT7 cells. Reporter ¢constructs (200 ng) of the CYP2C9 or CYP2C19
promoter were cotransfected with 100 ng of HNF4« expression vector ((HNF4o, open bars) or 100 ng of an empty vector (pT, closed bars). Two HNF4« binding sites
are shown in circles, and mutations are indicated by crosses: Each value is the mean + S.D. of relative activity (firefly/Renilla) for three separate experiments, each
performed in triplicate. *, p < 0.05 and *+, p < 0.01 compared wiifh.ﬂ;p émpty vector. Luc, luciferase. ’

of the CYP2C19 promoter (2C19 —2k, 2C19 DRI1-Amt, and 2C19
DR1-Bmt) were not increased by HNF4a (Fig. 4, right). These results
indicate that HNF4a can increase the level of transcriptional activity
of the CYP2C9 promoter but not that of the CYP2C19 promoter and
that this activation occurred only when two DR1 elements of the
CYP2C9 promoter were simultaneously functional. Inttoduction. of
mutation of DR1-B elements decreased transcriptional activities of the.
CYP2C9 and CYP2C19 promoters in the presence and. absence of
HNF4a. : o ‘
Binding of HNF4a to the CYP2C9 Promoter but Not to the
CYP2C19 Promoter in Vivo. ChIP assays were performed using
human liver to examine whether HNF4a could: bind to the CYP2C9
and CYP2CI9 gene promoters in vivo (Fig. 5). After DNA extraction
of the immunoprecipitated chromatin, PCR was performed to detect
the occupancy of DRI elements of the CYP2C9 and CYP2C19 genes
by HNF4a. As for CYP2C9, the DRI elements were much more

abundant in DNA extracted from chromatin immurioprecipitated with
anti- HNF4a IgG than in that with control mouse IgG (Fig. 5, top). On
the other hand, no DNA fragment around the DR1 elements of the
CYP2C19 gene was detected in both extracted DNA samples (Fig. 5,
bottom). We also determined the expression levels of CYP2C9 and
CYP2C19 mRNA in the same liver used for ChIP assays by using
guantitative real-time PCR. The expression level of CYP2C9 mRNA
was 82.5 times higher than that of CYP2C19 mRNA..

Discussion .

The present study showed that two DR1 elements were located in’
the CYP2C9 promoter (Fig. 1) and that the transcriptional activities of
the CYP2C9 promoter were increased by exogenous HNF4« (Fig. 3).
The introduction of mutation to each DR1 element resulted in com-

plete loss of transactivation (Fig. 4). These results are consiste_nt with
the results presented in a recent report (Chen et al., 2005). We also
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FiG. 5. Binding of HNF4e to the DR1-A and DRI-B elements of the CYP269 and CYP2C19 promoters in vivo. cniP assays were performed using the sheared genomic -
DNA extracted from human liver (9 ug), control mouse IgG (3 pg), and anti-HNFda IgG (3 118). M, DNA size marker; input, control sheared genomic DNA; HNF4«,
sheared genomic DNA immunoprecipitated thh anti-HNF4a 1gG; control, sheared genomic DNA immumoprecipitated with control mouse 1gG: N.C., nontemplate control.

performed the same experimeants for the CYP2C]9 profioter. In con-
trast to-the case of the CYP2C9 promoter, transactivation y'HNF4a
was not observed in the CYP2CI19 promoter despite the existence of
two DR1 elements (Fig. 3). In addition, HNF4a could bind to the DR1
elements located in the CYP2C9 promoter but not to those in the
CYP2C19 promoter in vivo (Fig. S). These results suggest that
HNF4a participated in the transactivation of at least —2 kbp of the
CYP2C9 promoter but not that of the CYP2CI9 promotér.
Significant decreases in the levels of CYP3A4, CYP3AS, CYP2A6,
_CYP2B6, CYP2C9, and CYP2D6 mRNA have been observed ‘in
HNF4a-deficient human hepatocytes (Jover et al., 2001), and several
studies have shown that transcription of CYP3A4, CYP2A6, and
CYP2D6 genes are regulated by HNF4a via DR1 elements located in
their promoters (Cairns et al., 1996; Tirona'et al., 2003; Pitarque et al.,
2005). Our results and the results of a recent study by Chen et al.
(2005) showed that HNF4a was involved -in the expression of the
CYP2C9 gene. Therefore, these findings suggest. that HNFdo plays
important rolés in regulation of the expression of these. P450 genes in
the human liver. On the other hand, it has been teported that HNF4«
is not involved in transactivation of the CYP2CI8 promoter, although
a DRI element is located in this promoter (Ibeanu and Goldstein,
1995). Considering the fact that the expression level of CYF2C18
mRNA in the human liver is very low compared with the expression
levels of other genes of the CYP2C -subfamily (Goldstein and de
Morais, 1994), itis possible that the lack of a functional DR1 element

in the CYP2C18 promoter contributed to this low level of expression .
of CYP2C18 mRNA in the human liver. Accordmgly, the same idea -

would also explain why the expression level of CYP2C19 is lower

than that of CYP2C9. That is, the existence of “funictional” DR1 -

" elements in the regulatory region of the CYP2C9 gene would be
crucial factors for its higher level of expression ‘than that of the
CYP2C19 gene in the human liver.

The reason for the different effects of HNF4a on transactivation of
the CYP2C9 and CYP2CI9 genes is currently.unknown. However, the
results obtained from our study provided some clues' for understand-
ing this difference. HNFda could not transactivate the CYP2C9 pro-

moter in the absence of the region from —255 to —195 bp (-255/ -
" —195 bp), although two DR1 elements were still present in the

promoter (Fig. 3), suggesting -that the region ~255/—195 bp of the
CYP2C9 promoter is necessary for HNF4a to up-regulate the tran-
scription of the CYP2C9 gene. One possible explanation for these
results is that other HNF4a bmdmg sites exist in the region - —255/
—195 bp.of the CYP2C9 gene, and they can help the action.of HNF4a
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that is recruited to the downstream elements. However, no DR1
elements were found in this region of the CYP2C9 promoter by a
séarching program for nuclear receptor binding sites (http://www.

_nubiscan.unibas.ch/; Podvinec et al., 2002), and HNF4a could not-

bind to this region in EMSA by using an oligonucleotide probe
ranging from —255 to —195 bp (data not shown).. Therefore, effects
of the region ~255/— 195 bp on transcription of the CYP2C9 gene are
unlikely to be mediated by the direct binding of HNF4« to this region.
Another possibility is that a certain factor, which assists with HNF4a-
mediated transactivation of the CYP2C9 promoter, specifically binds
to the region —255/— 195 bp of the CYP2C9 gene but not to the
CYP2C19 gene. Actually, there are 8-bp differences between the
region —255/—195 bp of the CYP2C9 promoter and the region
—257/—197 bp of the CYP2C19 promoter. The factor that binds to the
region —255/—195 bp of the CYP2C9 promoter may stabilize the

. binding of HNF4a to the DR1 element of the CYP2C9 promoter, or

it may recruit cofactors that are required for furiction of HNF4a.
However, no complexes were formed in EMS As using HepG2 nuclear
extracts and an oligonucleotide probe ranging from —255to —195 bp
(data not shown). A searching program for transcriptional factors
could not identify any factors that fulfill these requirements. Thus,
further detailed study is needed. to elucidate the role of the region
—255/—195 bp of the CYP2C9 promoter in HNF4« function. '

Deletion and mutation of DR1-B elements decreased transcrip-
tional activities of the CYP2C9 and CYP2C19 promoters in the

* presence and absence of HNF4a (Figs. 3 and 4). A putative binding
_site of CCAAT enhancer-binding protein was found in the down-

stream of DR1-B elements partly overlapped. Therefore, the bind--
ing of CCAAT enhancer-binding protein to the CYP2C9 and

. CYP2C19 promoters may be inhibited by deletion and mutation of
“ DR1-B elements, resulting in the decrease of basal activities of -

CYP2C9 and CYP2CI19 promoters.

In conclusion, we showed that HNF4a is one of the important
factors regulating promoter activity of the CYP2C9 gene but not that
of the CYP2C]9 gene in the human liver. The direct binding of
HNF4a to two DR1 elements of the CYP2C9 promoter is essential for
HNF4o-mediated transactivation of the CYP2C9 promoter. In addi-
tion, this transactivation requires certain factors that facilitate the
function of HNF4a via the region from —255/—195 bp of the
CYP2C9 promoter. The results of the present study suggest that
HNF4« is one of the determinants for the difference between expres-
sion. levels of CYP2C9 and CYP2C19 in the human liver.
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