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EESBHHETEERNS (EER - ERBBLY 1SN —Y(IUoABEMARER)
LETRBERISAR—E—)

SEMEE A —B KRXFELHHRHSREFDHER BIRARR

HREE: ANACREDI v AT—2—RETFICEAL. FRRHELLIC, TEERBEDO AR ERZETL,
EABBONRICAZEAZCAREEEBRTIL-HOMBBRHEBNLLT -, F5U RAR—4—RETFIE; 0ATP—
C. BCRP, OATP—B, OATP8, MDR1, OCT1~3, MRP4, REFRFIL. SNPsER . NTOLITRRERDIC
Fir, —8=DLTIE. EFCOBREREE A OCTP-CREF S LTI/ ASF U KRG, ALATFO—ILE
THALOLER. FEENRRT IS AN—4—RETSHECULESHREEOBM, BCRPBETF S H LM
NTOA A IRBRGOVICERENOGARELOEE, MORREFIEBRSER S P LR TOL IR
REDEBELY Y- REFRTIIEREEHLH, OCTsRETFTOERITHOBEFELR, TOMMEIUE
WER= BT T, —HOTROBEIZZAZNTOESRBEINEN, BFEAOHER. RALKEBRNSL
BREIzH-1-, BEREORE. —BOLERE, HESHNHRETEEEL, DRCEAMEOEAZORELEL
3 BT . HENSOERTE, ABRTONROENYDBORIFETIEEALND,

ATR AN _
HhSLAH—4—RETISEAL. SERN. TEER
HEOABMBER,. 25122, —8BOSRITONTIX EMT
ORREEEREL:, REOBREEEL, ARG LHR
lé%iﬁf)\é. ABELHETIROLRMOURERRE
Ll

BWEHNX

LT OEPRS Y AR—4—REFO SR FFERNEE
A BA. RAZVEES/LDNAN = 150 each)ZRH
12, TIZBIREIgE IR L= ; OATP-C. BCRP,
OATP-B, OATPS8, MDR1, QCT1~3, MRP2, MRP4, OAT{~
2. BB FORETFOLWTIL, BREFEE N - 0CTP-
CURETFRBHETINZAZF L ERBELSLATO0—IE
T#4A). RSB 8RO MY AH—4—R(EULEY
Hikie) . BCRPREETF (BB TCOAV /A 0RER . AMUDE
ARNEE) . MDRUREFIEFRER (BB TOL/ RS
). OCT1&2{ AMRAS VI X S MM T(ER) . AEE~
OERR—~ERLELER. BERICEDEhI-LOT, KE
Mt #ett LYMALY, chommR ORI
AL-EMRBL. BRSO BNSERALERE, I8
HOREXBR-BE50AREHELTERLE BEAIS
HLTH, ARGBRBET. BRERBENOREHEELE
HIo X B TRAELBI-LT. REL -, 5. ETOWER,
BOABEFSREESEEASICBULT. BE. RE%EH8
EICRIEL-, 512, BTOREIE, REEAFHI R
TCELNERIEOBICERLE,

CHREHER

ZRETI., SOREFERARICBREEML ., TOME
LT.OATP-CORERE LTIz T 5, OCTP-CR{EFIC
X, 6HRO TP/ RABREFHSIEREAEL . TOHT,
N130D. V174A. 28D SNPsIz LT . NTOg47EH&h
HIEEEME -, BEA, BA.RAICEITH130DDERDE
EE(mean, 95%CDILE N4, (0.629, 0.568-0.690), (0.457,
0.401-0.513). (0.769, 0.712-0.826)Cdho1=, £i=. 174AD K
[ 1(£(0.158, 0.112-0.204), (0.120, 0.083-0.157), (0.013,
0.0002-0.026)THoF=, NTRRALFIZ DL TIL. 5 (130DH
). *15(130D1 74T DWW TR L -85, #5 allele DA
IFEhTh, 0000, 0015, 0.000THY, *15 allele TIE,
0.150, 0.056. 0.014C&H 1=, LLEDCEMND VIHATRE
HFTaa8E AL, BBIZNIDTEREALTVNS~F. BA
CEHERIBRILTETFL AL ERNRLRE T
T HIEMPENELo -, W, FSRREFUERRE
BWELTEANE~DEROBREIzLWERHEENA .,

FOHR, +15allelelt, M BEO LREFESITRTH
Y. AERAHTCORENABRLEL. XNVTE ATRR T
B E B TE T Deene-dose effectMBRINT=, *15
allele DMETRTHIVIMATRIL. BXEDETOR
BERTHI-LEHNS  ZEREHETIE. IS5/ R45F>
OFRYRAAIETTHoE OPREFZERTDILOD
ALRFO—=NLETEROEBIFEERT, RIC.CO
EEOBNET 1=, RRAEHERICERL. S3/8R45
FUEEBICEBRATIBEEHNRLLT, SHEILAT
D=L REBEOMEICOLTERNEEMR 1=, *1a, *1b,
x15, *I HREFETRL-ER, «1b/*bBEOTEHIE
TR THT=OZHL, ¥15/*1bBTIE, F10%8T
#THo1 HSEREBETAIBETIE, ALATR—ILO
ETENMELMIRNBESHBNT-,

D. %32

SEMEHRLE-REFRTIITS/BB RS RETER
FRELI. LOL. FTOREOBFATOHEEIIISR
HR—a—MTRED, SBIC, —BOEROBABITONTIE,
HLMABENMEHLh, BRATCOHEIZRALKTR
MELMARIZH 1=, OATPCOPI=HD L5z, —HOE
RiZ. BoMERBEOBEAZORRBLELES, N130D,
VINAENT OS84T CRET &, Ao ABENALD
HABTEND, FARBOHRICHT IARZOFENT
Bxhd, ZENTE. Tz FADSEMRETITEBL
= SHRIT. HRI-ET LA ORETFLEFICANS
;{:‘i. 636!:aﬂtzmﬁ%ﬂaﬁﬁﬁﬁ‘%ﬁmﬁné&#
ZAbhd.

E &%

BREICTEEEIREFEROEENMABRITRED
=2 REN-, ChENERNEETEORED
EBREHTHIIBTHTHY, T—2OEMMATND
BN OBETF—AMESOBREREERS,

F. BRI
oL,

C HRER
A—KELRE,

H AR EE O R BRRE

REFETICHE. BRITEL,
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EEXBHFHARMHE (EXS - EREBEL X7 M)~V 2V AREHRESR)
RERBEE (CYPIAHOATP-C)
SHEFEE TE B TFTERXFRFRER
WREES

SERR 14 EREIS, AR THERTD Y 7 L5, BARE, BEAE, BFRAO—BRRI2RERM
THDHI L EZERT D2, CYP3AMIB BROEERITZITVIRETIIBREEINTND
FERFFELHELIZ, TORKR, TOFKE, CYP3A4*1B OBEFHEIX. BAE. BARE.
BAEANCBWTERFEN.3.85,71.3. 0% ZNE TORRLBL—BTHILBRER,
EFRTHEATDS ) L DNABRFEARORBEETIREFATH S Z LBER I,
R 15 fEEEIT CYP3A4 OMEEETICBE DL L EINDIBETER (CIP344%2, CYP3A4¥4,
CYP3A4%5, CYP3A4*6, CYP3A4*%8) \Z-oWT, AEHMTOZEERRIREDOHE LT, &
7o, GEMEETHAFRABANEEZOGFEEERFER LTz 04TP-C+5 & OATP-C¥15 12T
BE~DEL in vitro TN LT, TORER. CYPU4*6 12OV TiIE, BAFE, BAET
AT L2 TOd IO THBERTHoDORH L, BEADOY L FATIX 1R
TRl Y UT CYPUt6ERENPBRH &N, ZOERERT U7 HHEERE Th 5 FTeEtEM
T XN, —F. OATP-C*5 L OATP-C¥15 O %M AT L 7= HEK293 #RRIZRBIT B 7T 8
Z B F DEEEMIT 0ATP-C#5, OATP-C*15 DWTRIZHOWT HBAR D 1/6 L FO A E
ETEZTRLEDS, ETOBREIIKRERZRBED NPT, OATP-C+5 & 0ATP-C*15%
RLEEETELXES, BEARBAROKNZE, BABON 10FoBETINLOE
BIFBRRBELTVBZ L5, 0ATP-C DBEEETHE OHEEC RN BRI NEZERFE
TAHEEEM SRR AN, TR 16 F£EEIX. BARA L B AFOFERE AV, CYP344%2,
CYP3A4%5, CYP3A4#6, CYP345*3 MEDHNBIEHICE X 5EELX A\EETH&E L, 20
FER, CYP344%6 O~T BB AR AREIC—FREH S, ZD TS6 B -hydroxylation &
1T BEARANCHFAEROEHFEDH 113 OBEEE2TRLEZ, —F. HEA, BAETXTOHFI
71— LREOR T, CYP3AS*I/*] OBEFREZFRBRENK HEV MDZ KER{LTEHE
% L. 1’-hydroxylation FEHEIZDVVTiX CYP345*3 & ORNICHBRIBARRZ: gene-dose effect
NIBD LN, “HDDWERIX. CVP344%6 £ CYP345*3 B MNFIZ7a Y —AlZBiT 5
CYP3A EHOEAZLZRETIEELRERO—->THAMEMEZBRI IR TIHLDLE
Zbiice LML, CYPIA4*6 DEEIZE OO TEWNI &, CYP345*3 DEEITE VI A AR
AN BABRICHEEDOEZR 20 b, ZRODEEFERIZIBEAL AATEROARE
EZOREE RBFEHIIBENb D EE L b,

A BFFEEA CYP THR#MERITHIRY D 50%EL EITBIH-
CYP3A i, ZLOEELDORBITEERE  TWaLERTW3, CYP3AL DFFIBIZEBITS
#1587~ -3 CYP subfamily THY, BT 10-50 (FDOIELHERHY, 27T

CYP3A4,CYP3A5,CYP3AT7,CYP3A43 D44y VAT 11-48 {ZE DL L DERHD, TOEE
FENORD, IO FREO R TERE S D— 2L TERETHEOFERTSRENT
ORBFHTELEEROITX CYP3AL THY, WA, ZhETIIBEINRTWA CYP3A4iE
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GEFICETIERBIEEDOEIIRAE
T OWTRATENTLDOTHY, BAACR
AFICEETAIERIIBD THRWn, FHFED
BESX. AN, BARE. BERANDY /2%
LU T, CYPIAL DERBRTFORBEIER
EREATL. AERCHhE T8I,
CYP3A IEHED ATEEZBEXDERLRDHE
2 BAETHD,

FERoOMR BN, MEEICSERE
FChAREAMIFICERMIZRELTWVS
FF L AR—Z—ThHB 0ATP-C DERE
BT (0ATP-C#5 & OATP-C*15) DFEBEE

I ANEEREETDIIEEHLMNITILE,
L, #51EABOLTERD HIL (15%) |
¥15IXAEATHEL (15%) . DWTHAE

(5.6%) . BEAR (LW DIETH B, #15
Ix in vivo T, *5i% in vitro CHREDE
FTHRHBEIRTWSER, FLRTORRNX
FhhTWARY, FFRETIIINLOER
AT % HEK293 MIRRIZ B AR H & Higee
~DEEY invitro CHEIT ARV
THT-7,

B. ARG &

CYP3A4*1B %, PCR-RFLP IZ XVAEITL
7o, Tizbb, 7/ ADNA BT CPCRE
7V, EbT- PCR EEH% Pst 1 ILLVHIIREE
FOET A LIr YV EROF EEHAT
CYP3A4%2 & CYP344%5}%, PCR-RFLP ¥k
nEEHT LTz, 3725, 775 DNA 2631
TPCRZTV, 5N PCREHZENTH
Sty1 3 353 Clal THIREEROETHIL
WXV EROR BRI, CYPIAL#6ITON
Tix. PCR-RFLP }{£& denaturing HPLC &%
HAESD®DNA 7T 7 AV MEFEIZX
DEET LT, T2 b, BARTII Hinfl
Ik eIl & W=, denaturing HPLC
Brickvwrsu<w 77 ETEH—-Y—7L
LTRIBENADIZR L., CIP3A46 BRT
T, Zoor—r L LTHRHEEhDZL
i ESWTHIE L, Testosterone (TS) 6 B
-hydroxylation &f£, midazolam (MDZ) 1'%
X % 4-hydroxylation EH#EIX, HPLCIZ XY

HE L,

C. AR

WHEEIL. CYPIALERF D 5~ LFROE
BTHD CYPIAL*IB DREBUEELENTT5
Chizkh, AR THERTES /2B BA
&, BAE, BRAO—RHREEFETH
AL RRER LT, BlD, CYP3A4%1B IZBY
LTt BAEA 56 AT_TITBNT
CYP3A4*1B ixi & hindsole, —FH ., BA
FE T, 54 A9 28 A(51.8%) 2% CYP3A4*1B
DOEETHY, 21 A (38.9%) BATaTHY,
CYP3A4*1B Z{FHL2VB AT T 5
A 9.3%) Tholz, AAETIZ. 52 AF4A
(7.7%) 73 CYP3A4%1B O~TTTHY, 48 A
(92.3%) Tix CYP3A4*1B X E/igd-o
o
& —AERE T CYP3A4 DEREIRTICEEDD L
ANBEEDH L CYPIA4*2, CYP3A4%5,
CYPIA4#6 ITOWTHET L. ABERTOESR
RBEEOHEE{To T, TORER.
CYP3A4+2 B LT CYPIA4*5 \ZBAL T, #&
WLE-AARE (50 A). BAREO50 A), H
A (149 N) T RTIBWTERIIRHEN
otz —7F5. CYP3A4+6 =BILTix,. HA
FE (150 A) LB AR (150 A) ELICE R
HEN 2D DIZXL, BAATIL 149 4
1 ZBRA~TREOEREREFL TV, Zh
BOEER LY. CYPIA4+6 DEEGFHEEIX. B
AN 0.34%, BATED 0%, AAFEN 0%ThH
A ENRALNERSTE,

—J5. OATP-C*5 & OATP-C¥15 D% E AZE
I L 7= HEK293 MRz BT B 232 7 F
v DENTETEMELY 0ATP-C*5, OQATP-C*15 D
FRIZOWTHEFARD 1/6 LTFTORER
ETE2RLEN, BTOREICKERER
B Lol

wmoEETARA L BEAREOFER

# F VN, CYP3A4*%2, CYP3A4+#5, CYP3A4+%6,
CYP345%3 REGNANBEHICEX 2XRE
AR TRELL, TOER. BAAD
B iET CYP344%6 H—FI~T rTRWEZZ
. O TS6 B -hydroxylation FEHEIL HAA
OB AR OEEMEDH 1/3 DIEEEZR LT,
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LaL, ZOREEZBRWEAERAN 1S BRED
TS6 8 -hydroxylation IEHEDEEIHEIZTA AR
210 BREEOFEHEL ORTERT D oizh
o, ¥, BARABIUBAEOIFERE
B34 ) L DNAIDWT CYP345%3 DEE
R RER.AEADN0.81, B AT 0.85
ThHhY, INETOHEELE L~ LIE
BELNhE, BABORT—HIEFAR
CYP345*] TV HKETHLoHEHE
(CYP3A5*1/*]) BEFTEEL. TDORED TS 6
B -hydroxylation {E1£iX, 2BRE&EFTRELEW
EHEAZRL, BABROENEEEOKN 415
ThoTo, FEHEIC MDZ KEMLEMEIZE L
T, 1I’-, 4&-7KEB{EV VTR OF#EIZ >N TS
CYP345*] X ETTRETIREREDR
WiEHEZ R LTz, & bIZ 1’-hydroxylation 1%
MEZOWTIE, BEEBEQ0 L M), B
BEEQSuMOWTAIZOWT L,
CYP345*1/*3 OiEMEX*3/43 DOIEHELY B
BEZTL, HLHEBRERR2 gene-dose effect
PRTIEMNHALME SRk, LAL,
TS6B-hydroxylation ¥&1E & & i (200 » M)
@ MDZ 4-hydroxylation JEPEIZ-DVNTIE,
CYP3A5*1/%3 L *3/*3 ORIZEA L RERX
B LN T,

D. Z&

AEAN, BARE, BATEICBITS
CYP3A4*1B B FHE L. T T 0%, 3.85%,
71.3%THY, “hETICHMEINTWAEEE
IF—ET AR Thol, ZOEITED, A5
ZCEBLIEBAE. BAE, BEADS
Aix, EABOHEEETHSEEATHD
T EBRERENE,

CYP3A4#2 33X Tt CYP3A4#5 \ZBIL T,
BRAENLI-WTho ARICBEWTHE RSB
Shiehsolzibdbh, ERBETORBRAE
IEFEEITES, AEEZERBTAETFLIIE
WEEWZ EMTRIRE N, — 5, CYP3A4#6 |
BALTix. BARACBWTOAERBREFH
BHENT, CYP3A4%61X, T ETHEA
L TORMNESMTHBENEN, SEOERS
b CYPIA4+6 ERIY, BEIBEVWHODT ¥
TANBEOERTHITRENREX O,

— 55, OATP-C*15 X HERANIZZVWERT
HBHNB, BABRTREFRATRERD L TY
TRV QATP-CH5 BSFET B, EDT D, §lH
DFERM D OATP-C¥5 & OATP-C*I5% B LT
HETEZIEES. BERANRBAEOHKHZ
. BABOMI10E0EETILLOER
FREFLTWBZ &b, THDEE
FERIEE TS 0ATP-C DHREETED
SAEEL 0ATP-C D IEHIRY o BRIC AFEZEDS
A U A ATREMEM RIR S e,

SHEFBREICRWEE T CYP344%6 D
heterozygote (GHL29) O invitrolZB1}T 5 TS
6B-hydroxylation {E{£ X B 2% A DEEHEDK
13 RRETHoT, CYP344%6 13 1 HEFEA
ZEDT7L—Aa 7 WRBID, TOHER.
A My TFa RVEEKT D, EDED,
CYP3A44*6 % heterozygote & L T OEET
EEENBEOMINEBEIZETT5L0
LFEENS, LER-T, 46, Bdh
EEIIFOTPRLBEF-ETIHIHLOTH
oT7. L L. CYP344*6 DEEIE DD
TEL . BEEIToTERTIZARA 149
A1 AMheterozygote & L TR EN T
DB THoTz, %o T, CYPA4*6 iZB &
AIZBIT 3 CYP3A4 OFEHEETIC—8%ES
TAHREEEHZILO0, HENEDLDT
Wz, BERAL AARIZEIT S CYP3A
EHEOABEZUATHIEELRERLIIA
AAEEEIEWN D L BEbhvi,

—J5. CYP3Asubfamily ®—&FRETH
% CYP3AS iXfEEFIZ L > T CYP3A4 LT
BEZHLTWBRI LD, EHIC
CYP3A4 LHELILU-EEREEETT L
HH Y., CYPIAFESIT—EEFES L TWATH
et ENTHS, ThETIZ, BE
ZB LV FFI 7o y—2aEAVWeRN
iz & 0. CYP3AS @ TS 6 p-hydroxylation i&
13 CYP3A4 L O BVWH D WIFRRETH
HENHIBERENEVWIHERDLDFE—
LEZRBIEELALTWRWHE, MDZ
1’-hydroxylation FEMEIZ OV Tid CYP3AS @
FEAEN CYP3A4 LBV EWHIBENEL,
W2 MDZ 4-hydroxylation {&¥EiX, CYP3A4
LY HEWD, RBRETHD LWV HEN



£\, SEDOERIIIhEDOHREL K<~
F L. MDZ 1’-hydroxylation CiZ CYP3AS
DEENRKEWVWED, HEBBHARR
gene-dose effect 7R L7 DITw L. MDZ
4-hydroxylation FEMEIZOWTIHERE DA
gene-dose effect 75 38 » b v . TS
6p-hydroxylation FEPEIZ DWW TIXBAR 2
gene-dose effect 3B bNARMoTbDE
#Z% L, ZEBE. MDZ 4-hydroxylation i&
M SOWTIIBRERIZISV T CYP3A4 &
HEEWEBEZ RS EENTEY. BRE
@ MDZ 4-hydroxylation FEHETIX *1/%3 &
*3/43 [ZENRBD bhvholk ) 4
ORERL I —HTDbDLEEILN,

E. i

1) CYP3A4%61%, BARANIZEIT D CYP3A4
DOEEETIC—HFETIEEEISHD D
DD, BRERAEZEDTTTOARIIZET
ARBEENX DD TEW:D, CYP3ATE
HEDOANEEZEZRATIEELERLITRY
B0 L Bbhiz,

2) CYP345 * SI3HENE < CYP3AS DF
ERBWVWEGORBOBAZSIZIIEELE
HerdeEZDbNRE, LML, BEAL
B AREICIBIT D CYP345*3 DEEICIIZE
EERRWED, BAZOREL IR
T, ABZEORRIZAR S TEEREND
DrBbh3, L. BAFEIZOWTIX
BABRLEAAL B LT CYP345*3 D
ERFERILBENZENL, BERADDLNVIZ
BAREL: ORI ABEBELSIERLERD
TR ERTALERDHDIHDEELD
i

3) 0ATP-C¥5 & OATP-C¥15\ZERT 5
OATP-C DESEIETHOHEEIIBARAATED
B < . OATP-C OYEHRYZ2EREEDS B A AT
IEVETEEME AR A T,
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ABSTRACT:

CYP2D$ is a polymorphlc enzyme that catalyzes the oxidation of
various drugs. At least 40-mutant alleles of CYF2D8 have been
reportad. CYP2D6*14, which Is one of them tound ih Aslan popu-
lations, causes deficlent activity of CYP2D8. Four amino acld sub-
stitutions, P34S, G169R, R296C, and $486T, are present In the
protein encoded by CYP2D6*14 (CYP2D86 14). Among them, G169R
Is thought to be a definitive substitution because It is uniqus to
CYP2D6 14, However, a previous study showed that the activity of
G169R-substituted CYP2D6 was about 40% of wild-type CYP2DS,
suggesting that a combination of G189R and other substttutions
may be roquired to abolish the actlvity of CYP2D6. In the present
study, we examined the effects of combined substitutions of
G169R and P34S on the functional properties of CYP20D8 and com-
pared them with those of a single substitution of G1€9R or P348

using a ¢cDNA expression system of V79 cells. The results showed
that a combined substitution of G169R and P34S reduced the
activities of CYP2DB to less than the detection Iimit of our analyt-
lcal method for bufuralol 1'-hydroxylation and dextromethorphan
O-demethylation. However, these activities were not completely
abolished by a single substitution of P34S or G169R. The findings
suggest that simultansous substitution of G169R and P34S is cru-
clal for almost completely abolishing the activity of CYP2D8 at
least in V79 calls, although whether the absence of metabolism is
due to the absence of functicnal protein or catalytlc incompstency
remains unclaar because the levels of CYP2D6 proteln expressed
In V79 cells were too low to be determined by difference CO-
reduced spectra.

Cytochrome P450 2D6 (CYP2D6) catalyzes the oxidative metab-
olism of various clinically important drugs (Rendic and Di Carlo,
1997). Interindividual and interethnic differences have been seen in
the metabolic activity of CYP2D6, mainly due to the polymorphism of
CYP2D6 gene (Marez et al,, 1997; Sachse et al,, 1997; Griese et al,,
1998). The percentage of poor metabolizers that have a deficiency in
CYP2D6 activity varies from 5 to 10% in Caucasian populations
(Gonzalez et al,, 1988; Sachse et al,, 1997), whereas it is less than 1%
in Asian populations (Yokoi et al,, 1996). In Cancasian populations,
CYP2D6*3, *4, *5, and *6 are mainly involved in the deficiency of
CYP2D6 activity (Sachse et al., 1997), whereas CYP2D6*5 and *14
are mainly involved in the deficiency of CYP2D$ activity in Asian
populations (Kubota et al., 2000; Nishida et al., 2000},

CYP2D6*14 is a mutant allele that was first found in a Chinese
subject (Wang, 1992) and has since been found only in Asian popu-
lations (Wang et al,, 1999; Kubota et al., 2000). The variant protein
corresponding to CYP2D6*14 (CYP2D6 14) is thought to have little
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Labor and Woelfare {Sciences Research Grant, Research on Human Genome,
Tissue Enginesring, Food Biochemistry)

Address correspondence to: Kan Chiba, Ph.D., Laboratory of Pharmacolegy
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activity, because a Chinese subject carrying CYP2D6*5/%14 was
shown to be the phenotype of a poor metabolizer (Wang et al,, 1999).
There are four amino acid substitutions in CYP2D6 14: P345, G169R,
R296C, and S486T (Daly et al., 1996; Wang et al., 1999). Among
them, only G169R is unique to this variast protein (Human CYP
Allele Nomenclatre Committee, http://www.imm Xi.se/CY Palleles/
cyp2d6.htm). Therefore, G169R substitution was considered w0 be
mainly responsible for the deficient activity of CYP2D6 14. However,
a previous study using a Rat-1 cell cDNA, expression system showed
that substitution of P34S caused a dramatic decrease in CYP2D6
activity, whereas the decrease induced by G169R substitution was not
as dramatic as that induced by substitution of P348. Based on these
findings, Wang et al. (1999) speculated that G169R is not a critical
substitution but that its combination with P34S, R296C, and/or S486T
may abolish the activity of CYP2D6 14. However, this possibility has
not been studied by direct construction of variant CYP2D6 protein
having combined substitutions of G169R and others.

Therefore, we constructed mutated ¢DNAs that yield CYP2D6
variant proteins substituted with G169R and/or P348, expressed in
V79 cells, and compared their metabolic properties for the prototype
substrates of CYP2D4. R256C and S486T substitutions were not
examined in the present study, since they are present in CYP2D6 2,
and subjects with CYP2D6*2/*2 show similar metabolic activities to

1- i-cho, ., Chiba-shi, Chiba 263-8522, . E-mait . .
kci?ba;;ﬂﬁl.a:;gm oriberenl, O 22. depan. Ema those of wild type for various substrates of CYP2D6 (Johansson et al,,
1993; Dahl et al,, 1995; Tateishi et al,, 1999). On the other hand, P34S
1201
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substitution has been reported to cause a significant reducton in
CYP2D6 activity in cDNA expression systems (Kagimoto et al,,
1990; Johansson et al,, 1994; Fukuda et al., 2000).

Materials and Methods

Construction of Mammalian Cell Expression Vectors. A G1758A mu-
tation For a Glyl 69-to-Argl 69 change was introduced into wild-type CYP2Dé6
¢DNA in a pUC19 plasmid vector using a transformer site-directed mutagen-
esis kit (BD Biosciences Clontech, Palo Alto, CA). The sequence of the
oligonucleotide used for the mutation was 5'-CGCCAACCACTCTAGACGC-
CCC-3'. The mutation was confirmed by sequencing, and the mutated frag-
ment was subcloned into a pBluescript I SK+ vector (Stratagene, La Jolla,
CA). CYP2D6/pTARGET and CYP2D6 G169R/pTARGET expression vee-
tors were obtained by ligating the wild-type CYP2D6 and mutated CYP2D6
G169R cDNA to a pTARGET Mammalian Cell Expression Vector (Promega,
Madison, WT), respectively.

A 562-bp DNA fragment contaming a C100T mutation for a Pro34-to-Ser34
change was prepared by PCR' methods using 2 human genomic DNA that
showed the genotype of CYP2D6*10/*10 es a template. The nucleotide se-
quences of the primers used for the amplification were 5'- ATTCGGATC-
CCCCGGGCTGCAGGAATTCATGGGGCTAGAAGCACTG-3" and 5'-
AAGAGACCGTTGGGGCGAAAGGGGC-3". The obtained PCR product
was subcloned into a pGEM-T vector (Promega) and digested by BamHI and
Apal. CYP2D6 P34S/pTARGET and CYP2D6 P34S+G169RPTARGET ex-
pression vectors were obtained by ligating the digested DNA fragment con-
taining the Cl100T mutation into BamHI- snd Apal-digested CYP2D6/
pTARGET and CYP2D6 G169RPTARGET, respectively. The nucleotide
sequences of all the recombinant expression vectors were confirmed.

Mammalian Cell Culture and Expression of Recombinant Protein.
Parental V79 cells (V79-4, CL93; American Type Cell Culiure Collection,
Manassas, VA) were cultured in Dulbecco’s modified Bagle’s medium sup-
plemented with 10% heat-inactivated fetal bovine serum, 100 U/ml penicillin,
and 100 pg/m! streptomyein in 5% €O, and 95% air at 37°C. The V79 celis
were plated at | X 10° cells/100-mm plate. On the following day, recombinant
expression vectors wers transfected into V79 cells using LIPOFECTAMINE
Reagent snd Plus Reagent (Invitrogen, Carlsbad, CA) sccording o manufac-
turer’s recommendations. For negative control, V79 cells were transfected with
an empty pTARGET vector. After two days of transfection, V79 cells were
plated into 2 100-mm plate with a medium containing the selective agent G418
(luvitrogen) at 800 pg/ml. Each medium was changed every 2 to 3 days, and
cells were maintained for at least 3 weeks 1o obtain stable expression colonies.
After selection with G418, V79 cells were harvested and cell homogenate was
prepared.

The smount of CYP2D6 protein expressed it V79 cells was measured by
Western blot analysis. The V79 cell homogenates were electrophoresed on
SDS-polyacrylamide gels apd transferred onto a nitrocellulose sheet. CYP2D6
protein was detected immunochemically vsing rabbit anti-human CYP2D6
antissrum (Daiichi Pure Chemicals, Tokyo, Japan), goat antiserum to rabbit
IgG and rabbit peroxidass anti-peroxidase complex (ICN Pharmaceuticals
Biochemicals Division, Aurora, OH). Human CYP2D6*! (2-32 pmol P450/
mi) expressed in B-lymphoblastoid cells (Dafichi Pure Chemicals) were used
as a standard. Densitometric quantification was camried out using a ScanJet II
image scanner {(Hewlett Packard, Palo Allo, CA) and National Institutes of
Health image version 1.62.

Quantification of mRNA Content in V79 Cells. Total RNA was extracted
from V79 cells using ap RNeasy mini kit and QIA shredder column (QIAGEN
GmbH, Hilden, Germany), and then first-strand ¢DNA was prepared. CYP2ZD6
mRNA contents in V79 cells were analyzed in & GeneAmp 5700 sequence
detection system (Applied Biosystems, Foster City, CA) using fluorescencs
detection for SYBR-Green II. The vucleotide sequences of the primers used for
the amplification were 5'-GCAGCACTTCAGCTTCTCGG-3" and 5°-CT-
CACCAGGAAAGCAAAGACACCAT-3". Each PCR product was confirmed
by the dissociation curve and agarose gel electrophoresis. The GAPDH mRNA
contents in each cell were also measured, and CYP2D6 mRNA content was

1 Abbreviations used are: PCR, polymerase chain reaction; GAPDH, glycolal-
dehyde triphosphate dehydrogenase; HPLC, high-performance liquid chroma-
tography.
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normalized to GAPDH mRNA content. The nucleotide sequences of reverse
transcription-PCR products were confirmed.

Enzyme Assay and Kinetic Analysis of CYP2D6 Activity in V79 Cells
Bufuralol I'-hydroxylation. The activity of bufuralo]l 1’-hydroxylation was
measured by the method of Kronbach et al. {1987) with slight modifications.
Reaction mixtures containing the cell homogenates (0.22--0.29 mg/ml) and 0.5
to 80 pM bufuralol were incubated for 60 min at 37°C. The reaction was
performed in 8 lincar range with respect to protein concentration and incuba-
tion time and was stopped by the addition of cold acetonitrile. The determi-
ration of 1'-hydroxybufirralo! was carried out using the following HPLC
methods. The HPLC system consisted of a model L-7100 pump, a model
L-7485 fluorescence detector, a mode! L-7200 sutosampler, a model D-7500
integrator (Hitachi, Tokyo, Japan), and a 4.6 X 150-mm CAPCELL PAK C,,
UG120 column (Shiseido, Tokyo, Japan). The mobile phase consisted of
acetopitrile and water at the ratio of 20:80 (v/v) in 0.01 M citric acid buffer (pH
3.4), and it was delivered at a flow rate of 1.0 ml/min. The elute was monitored
at an excitation wavelength of 252 nm and emission wavelength of 302 am. A
calibration curve was generated from 0.002 to 0.2 pM by processing the
authentic standard substance through the entire procedure. The detection fimit
of this analytical method was 0,04 pmol/ml.

The kinetic parameters (X, and ¥,,,) were estimated by graphic analysis of
Michaelis-Menten plots, The values were subsequently used as initial estimales
for nonlinear least-squares regression analysis.

Dexromethorphan O-Demethylation. The activity of dextromethorphan O-
demethylation was measured by the method of von Moltke et al. (1998) with
slight modifications. The reaction mixture containing the cell homogenates
(022 10 0.29 mg/ml) and 10 M dextromethorphan was incubated for 60 min
at 37°C. The reaction was performed in a linear range, with respect to protein
concentration and incubation time, and stopped by the addition of cold aceto-
nitrile. The defermination of dextrorphan was caried out by the same HPLC
system and mobile phase used for the determination of 1'-hydroxybufuralol.
The eluate was monitored at excitation wavelength of 270 om and emission
wavelength of 312 pm. A calibration curve was generated from 0.01 to 1.0 M
by processing the suthentic standard substance through the entire procedure,
The detection limit of this analytical method was 0.37 pmol/ml.

Results

Expression of Wild-Type and Mutated CYP2D6 in V79 Cells.
The expression of CYP2Dé protein in V79 cells transfected with
recombinant CYP2D6 cDNA was confirmerd by Western blot analysis
(Fig. 1A). There were no significant differences between CYP2D6
protein levels in V79 cells expressing wild-type (2D6WT) and
G169R-substitated CYP2D6 (2D6G169R). On the other hand,
CYP2D6 protein levels in V79 cells expressing P34S-substituted
CYP2D6 (2D6P348S) and those expressing both G169R- and P34S-
substitited CYP2Dé (2D6G169R/P34S) decreased to approximately
26% that of 2D6WT (Fig. 1B). No significant differences were found
between mRNA levels of CYP2D6 in V79 cells transfected with
wild-type and mutated CYP2D6 ¢DNAs (Fig. 2).

Fnzyme Activities, Bufuralol 1’-hydroxylation activity of
2D6G169R (1.00 pmol/min/pmol CYP2D6) was slightly lower than
that of 2D6WT, whereas 2D6P34S (0.05 pmol/min/pmol CYP2DE)
was much lower than that of 2D6WT (1.23 pmol/min/pmol CYP2DE),
which corresponds to 4% of 2D6WT (Fig. 3A). However, the activity
of 2D6G169R/P34S was under the detection limit of our analytical
method (Fig. 3A).

Similar results were also found for dextromethorphan O-
demethylation activity (Fig. 3B). The activity of 2D6G169R (1.19
pmol/min/pmol CYP2D6) was not different, whereas that of 2D6P34S
(0.37 pmolinin/pmol CYP2D6) was approximately one-third (32%)
of that of 2D6WT (1.17 pmol/min/pmol CYP2D6). However, the
activity of 2D6G169R/P34S was under the detection limit of the
analytical method employed in the present study.

Kinetic Analysis of Bufuralol 1’-Hydroxylation. Kinetic param-
sters for bufuralo] 1'-hydroxylation in V79 cells expressing wild-type
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CYP2D6*14 AND COMBINED EFFECTS OF G169R AND P34S
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Fio. 1. CTP2D6 apeprofein contents in homogenate of V79 cells expressing
wild-zype CYP2D6 or CYP2DG substituted with G160R and/or P348.

V79 csll homogenates (1.6 pg/well) were separated by SDS-PAGE and trans-
ferred onto a nitrocellulose sheet and then stained immunochemically as described
under Materials and Methods, A, Weslem blot analysis; B, densitometric quantifi-
cation of CYP2D6 apoprotein Jevels. Values in columns are means * S.1. calcn-
lated from six independent amalyses. Marked columns are significantly different
from CYP2DS wild type (%, P < 0.005) or G169R-substituted CYP2D6 (1, P <
0.005) dctermined by Stadent’s # test. PAGE, polyacrylamide gel electrophoresis;
BLM, human liver microsome; WT, wild type; N.D., not detected.

and mutated CYP2D6 are shown in Table 1. While the K, value was
not affected, the ¥, value slightly decreased in 2D6G165R. On the
other hand, the K, value and ¥, value of 2DEP348 were 5.4-times
higher and 7.2-times lower than those of 2D6WT, respectively, thus
the V. /K, value of 2D6P34S was 40-times lower than that of
2D6WT. The kinetic parameters could not be determined for
21D6G160R/P34S because of the extremely low activity of bufuralol
1"-hydroxylation.

Discussion

The present study clearly showed that a combination of G169R and
P34S substitutions diminishes the activities of CYP2D6 to less than
the detection limit of our analytical method for bufuralol 1'-hydroxy-
Iation and dextromethorphan O-demethylation. Considering that the
activities of CYP2D6 are not completely abolished by the substitution
of P34S (4 and 32% of 2D6WT for bufuralol 1'-hydroxylation and

1203

0.6

0.5 4

0.4 +

0.3

2D6/GAPDH

0.2 4

0.1 1

0 [ I

[} I I 1 ]
G169R V79
2D6 WT GIl69R P34S  paic ontrol

Fic. 2. CYP2D6 mRNA contents In V79 cells expressing wild-type CYP2D6 or
CYP2D6 substituted with G169R and/or P34S.

CYP2D6 mRNA contents in V79 cells were quantified as desaribed under
Materials and Methods, CYP2D6 mRNA content was normalized to GAPDH
mRNA content. WT, wild type.

dextromethorphan O-demethylation, respectively), the findings sug-
gest that simultaneous substinution of G169R and P34S is crucial for
almost completely abolishing the activity of CYP2D6 at least ina
cDNA expression systern using V79 cells.

P34S is a key substitution of CYP2D6 10 encoded by CYP2D6*10,
which has been found to reduce but mot abolish the activity of
CYP2D6 by in vitro studies (Ramamoorthy et al., 2001; Senda et al.,
2001; Shimada et al., 2001). In vivo studies have also shown that the
metabolic capacity of homozygous CYP2D6*10 is between those of
extensive and poor metabolizers for various substrates of CYP2D6,
and homozygous CYP2D6*10 has therefore been categorized as an
intermediate metabolizer (Wang et al., 1993; Dahl et al., 1995; Lai et
al.,, 1995; Tseng et al., 1996). In addition, heterozygous subject with
CYP2D6*10 and a defective allele (e.g., CYP2D6*5/%10) has also
béen categorized as intermediate metabolizer (Griese et al, 1998).
However, a heterozygous subject with CYP2D6*5 and *14 showed a
metabolic ratio of debrisoquine of more than 12.6, indicating that the
subject can be categorized as a poor metabolizer (Wang ot al., 1999).
Based on that finding, Wang et al. (1999) conciuded that the suppres-
sive effect of CYP2D6*14 on CYP2D6 activity is more pronowneed
than that of CYP2D6*10 and that CYP2D6*I4 is a mutant allele
causing defective activity of CYP2DE.

‘T'here are four amino acid substitutions (P34S, G169R, R296C, and
$486T) in CYP2D6 14. Two of them (P34S and S486T) are over-
lapped with substitution in CYP2D6 10. Since 8486T does not affect
the suppressive effect of P34S on the activity of CYP2D6 (Fukuda et
al., 2000; Tsuzuki et al., 2001), the pronowmeed effect of CYP2D6 *14
appears to be derived from the combination of either G169R and P348
or R296C and P34S, The results of the present study support the
former possibility. However, the possibility that interaction between
R296C and P34S or among R296, S486T, and P34S plays arole in the
pronounced effect of CYP2D6*14 cannot be Tuled out, since
CYP2D6*41 allele contains the substitutions R296C and S486T and
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TABLE 1

Kinetic parameters for bufuralol I'-hydroxylation catalyzed by wild-type aud
mutated CYP2DG6 expressed in Y79 cells
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Fic. 3. Enzyme activities of V79 cells expressing wild-type CYP2D6 or CYP2D6¢
substituted with G169R and/or F345.

A, bufuraiol 1’-hydroxylation; B, dextromethorphan O-demethylation. The pro-
toin fevels of wild-type and substituted CYP2D6 delermined here were thoss of the
apoprotein and not of the native protein. The data are means of two or three
independent experiments. WT, wild type; N.I», not detected.

Dextromethorphan O-demethylase activity
(pmol/min/pmol CY P2D6)

has a significantly lower in vivo activity when compared with both */
and *2 (Raimundo et al., 2000).

The precise mechanism underlying the combined effects of G169R
and P34S could not be determined in the present study. However,
based on three-dimensional models of bacterial P450 CYP102,
G169R substitution of CYP2D6 corresponds to Alal35 of CYPL02,
which is located in the tura region between the D and E helices (Lewis

Bufiralal 1°-Hydroxylation

2Ds
Ko Vo Vo Kin
b pmotesiminipmol 2D6* uliminipmel 2D6*
Wild type 10.8 2.51 024
Gl68R 11.7 2.13 0.19
P348 58.2 0.35 0.0060
G168R/P348 = _* b

* The protein levals of wild-type and substituted CYP2D6 determined here were those of the
apo?rotein and not of the native proteir.
Kinetic parameters could not be caleulated because of lowar activity for bufuralol 1%
hydroxylation,

et al, 1997; Lewis, 1998). Since Gly in a turn region is important for
maintenance of a tertiary structure of & protein, it is assumed that
substitution of Gly169 to Arg alters the conformation of the CYP2Dé
protein. On the other hand, Pro34 of CYP2DS6 is the first residue in the
proline-rich region, and this region is followed by the N-terminal
signal anchor region (Yamazaki et al., 1993), which is highly con-
served in the mammalian CYP2 family (Yamazali et al, 1993).
Although the proline-rich region is far from the catalytic domain of
CYP2D6 (Lewis, 1998) and not involved in the substrate-binding sites
of CYP2D6 (Modi et al., 1996), P34S substitution has been reported
to alter the catalytic properties of CYP2D6 for bufuralol 1'-hydroxy-
lation, venlafaxine O-demethylation, and bunitrolol 4-bydroxylation
(Fukuda et al., 2000; Tsuzuki et al, 2001). The present study also
showed that the K, value and V,,, value of 2D6P34S for bufuralol
'-hydroxylation were 5.4-times higher and 7.2-times lower than
those of 2D6WT, respectively, thus the ¥,,,/K,, value of 2D6P343
was 40-times lower than that of 2D6WT (Table 1). These findings
suggest that the substitution of P348, although it is not in a substrate-
recognition site, affects the tertiary structure of CYP2D6 and reduces
the activities of CYP2D6. Therefore, we are tempted to speculate that
combined substitations of (G16%R and P34S cause a more drastic
change in the structure of CYP2D6 than that caused by a single
substitution of P348, which results in a more pronounced reduction in
CYP2D)6 activity. Similar combined effects of substitutions have also
been reported for CYP2D6*17 (Oscarson et al., 1997). Alternatively,
combined substitations of G169R and P34S may deteriorate the
incorporation of heme into the CYP2D§ apoprotein, aithough this
possibility could not be assessed in the present study, since the levels
of CYP2D6 protein expressed in V79 cells were too low to be
determined by difference CO-reduced spectra.
* Regarding the level of CYP2D6 protein, a combined substitution of
G169R and P34S decreased it substantially in V79 cells (Fig. 1).
However, the extent of decrease was not different from that caused by
a single substitution of P348 (Fig. 1). This finding suggests that
G169R substitution does not accelerate the decreasing effect of P348
substitution on the protein level of CYP2D6 reported previously
(Johansson et al., 1994; Fukuda et al., 2000; Tsuzuki et al., 2001).
The present study also showed that there were no major differences
between the levels of CYP2D6 mRNA in V79 cells transfected with
wild-type and mutated CYP2D6 cDNA (Fig. 1). The finding suggests
that substitutions of P34S and G169R do not appear to affect the
transcriptional efficiency of CYP2D6 cDNA introduced to V79 cells.
In conclusion, the present study showed that a combination of
G169R and P34S substitutions reduced the activities of CYP2D6 to
undetectable levels despite the fact that the activities of CYP2D6 were
not completely abolished by the substitution of P34S. The findings
suggest that simultaneous substitution of G169R and P34S is required
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