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Genetic polymorphism of cytochrome P450 2C9 (CYP2C9) and cytochrome P450 2C19 (CYP2C19) is widely
known to contribute to interindividual differences in the pharmacokinetics of some antiepileptic drugs. We developed a
rapid detection assay of polymorphisms of CYP2C9 and CYP2C19, using the Light Cycler® polymerase chain reaction
(PCR) system. Using this assay, we examined polymorphisms in 20 Japanese pediatric patients prescribed phenytoin
for the treatment of epilepsy, and classified their polymorphisms into four groups: group I, CYP2C9*1/*I and
CYP2C19*1/*1; group 11, CYP2C9*1/*1 and CYP2CI19*1/*2 or *1/*3; group IlI, CYP2C9*1/*1 and CYP2C19*2/*2;
and group IV, CYP2C9*1/*3 and CYP2C19*1/*2 or *1/*3. The mean maximal elimination rates (V) in groups I, II,
III and IV were 13.1, 11.2, 10.2 and 8.0 mg/day/kg, respectively, with statistically significant differences among groups
(p=0.012, Kruskal-Wallis analysis) . The intrinsic metabolic activity (Vy./Km) of groups I, II, III and IV were 2.9,
2.2, 1.5and 1.11/day/kg, respectively (p=0.009), again with significant differences among groups. These findings indi-
cate that polymorphism of CYP2C9 and CYP2C19 plays an important role in phenytoin metabolism in children. With a
total processing time for this assay of less than 3 hours, prediction of the optimal phenytoin dosage based on the
CYP2C9 and CYP2C19 genotypes will be possible before commencement of therapy, resulting in the prevention of
phenytoin overdoses in pediatric patients with epilepsy.
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S CHEYRAEZ AW TH M EENhHERICET
HIEGPRD HIMEINTH O, HHMLEEOEEMN
MR ENTW5, [EREEDIEERIE, SPGB
NFOERLT O 1 HHE LA (Single Nucleotide
Polymorphism; SNP) & Sy (a3 % o B8 2 F1)
TE5HDONLN,

PTADAEDEYEEE S SNP OBE A S 72
EBSTVWEHDIZ, 7z b1 > (PHD*Y® 7
T /)N)VES =)L (PB)6? & CYP2C9, CYP2C19
X7 )Ny L (CLB)®Y & CYP2CI9 2% &
L5, LhLBNs, Th5OSNPHEIET I
X — R UHIREE S Z /= PCR-RFLP (restriction
fragment length polymorphism) L7 EZFHL T
B0, #HRHALTTCHEHZETZ2O0NBEIRTS
0, HEBKRNORHIZYE XL THsn,

SEAFE, Invader 72 E DO 5 TiHEN D IEME 7R
SNP 73 #7 HiED B % & 41,9 CYP2C9 & CYP2C19
AN RFIC K DBEN LIRS 2HDD, ZD
HERERZESHI1TIE3-10 HEE T 5. LightCycler®
BF v E T U —NTHERHICENERLZR T ZHEEL,
BETZUT7IVIY A LPCREBETHS. EIIKE
BREMCANA - MRERE > — B, %t
>4 —) TIZ 2004 4F & D LightCycler®Z i \» /=
SNP i H 5 2 51T A b A O fE L YR %
WAL TERZ., LHALRBNS, 2006 Fic0 o
TATT ) AT 4w A6 RTEINTNWE
LightCycler® CYP2C9, CYP2C19 R 2 —F5 — ' 3
DT vardFy NpEEFRIEERS . 2Ok
B, bhibd 754 —ENATUVF L ¥—2 3
>7O—7#%F L, PCROKHZ2BIATHEDOT
FEIZK D SNP st 2 BB L 7z, 1

ARETIE, DNONABFE L 7= LightCycler®%
W% CYP2CY % U8 CYP2C19 @ SNP iHljd ki Hik: %
T35 EEHIT, PHT 53 N/=/NETAN
NWBFENDEERICHME R Z WS T 5.

;] P

1. SNP &A%  CYP2CY9 & CYP2C19 @
SNP #Hil%, LightCycler® (O3 a4 757 J AT
1w A) TKDBHREITIC T, 794
X—EYEINA LA TN LT O—-T K
W\ 5”4 % LightCycler® Red (LC Red) 5X)L L T 3
uiz ) b U270 —7 O E v, CYP2C9*2

(430C—T) 13 SNP #fL C IZ, CYP2C19*2 (681G
—A) & CYP2C19*3 (636G—A) 1% SNP {7 G
IZLC Red I X)L L7207 00— 7 DRI v
FI2EDThH EFE L Uiht 470 nm/ H#¢
640nm)., ZHICKD, BENEETDETO—T
CEMEARTI ATy FNRID, TO—7 ) F
L 5<%, —JF, CYP2C9*3 (1075A—C) I
SNP L ClZ7 VA LA >INV L AETO—T
MYy FITEHEICTFTFA L LENST,
CYP2C9*3 13RI CI A~y F 4L, Jo—
TOREEL B < Tab X O%EHL 7.

SNP 269 255, 4V O DNA &akic &
DIERIL /=% D &, LightCycler®CYP2C9, CYP2C19
Ra—JF—YaryrrriarFyh (Q¥asA
TTIAT A w7 A) ITX0BKLUIERDYT J I
DNA z# W/, EEMRIT R L zTT727>a >
Fv hckvkianizr / LADNA ZHWE, Z
NS OxtHZE AW T PCR &FEF 2 MG L 72

758, BfRIHE T SNP (CYP2C19*2, CYP2C19*3,
CYP2C9*3) MWD 5N EFHHKD PCR EYZ
NZNIZDWTHT ALY =D L2 A0ET
W, REOZLMEMEEL .

2. BRERIGH 1Pl Lk 6 AR D/NET A
WERE 214 CEHER 3.0 5% B 174, k4
%) EMHFEL, Yty —mERESEKBDOLE
KD ETREZS%, 7/ L DNA T
Il @D 4% B 1f 200 ul 7> 5 MagNA Pure Compact®
(A2 a1 77 ) AT 1w 7 A) ZHVWTHTHL
z. ZZTHESNET J LADNA ERICRNET S
AX—, 7O0—T7%EAHLTPCR 217>/, W\
T PHT 0 5% RAbE 72 CYP2C9*3/*3 DIER]
ZRR 7z 20 B CEEFEE 3.1 5%) OFEHIREBOD
PHT M % (FEH 40K~ mHI AT
ZER (Kn) ERREREE (Vi 2EHLL.
2B, EYBEEO M Odani b OY RFEMN NS
A—%—I/n5 PEDA Z WA 27 KICEKD
Ry

MREFI Taguchi 5V D HEEBEZEEL, 1#H
(CYP2C9*1/*1, CYP2C19*1/*1), T I (CYP2C9*1
/*¥1, CYP2CI19*1/*2 X13*1/*3), WHE (CYP2C9*1
/*I, CYP2C19*2/*2), IV (CYP2C9*1/*3,
CYP2C19*1/*2 X13*1/*3) 1T/ L, Kn KT Vinax
IR U 2. 5T—% ZRELIXFEME £ R TR
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LU, 2B T Kruskal-Wallis i€ 2, ZHE
#2121X Scheffe & FNZENHW, p<0.05 26 &
EHIEL 2.

AT E BT L - BEETEITHIEICEE T 2 M
Higgt 2L, Yty —DOmMBERES TREE
Z 7= ETHEBL, BEIFEIC T3NS
INXETHENMEFONE L TIThNZ. £/, &
BHEDTITANT —REEIZDNWTHEEL, BE
K4 EDFENERICOVTHRETERVELET
Tiror.

] R

1. SNP#HHA%  LightCycler IZ &% SNP #
OGS OMENL, HiETImAZBEIERE, F
WAt EHWTHLY OMAEDE TITWY, 741
Y —KOTO—-TI3RENIC Table | Elao /=, —
77, PCR D4Af1Z 95°C10 43l D BZE#E1%, 95°C10
BEIOY A1 7 )VEZEN, 60°CISHOT =—1) 277,
72°C12 ¥ DY 1 7 )L % 40 [T > /=. LightCycler
12 &K % Al AR 0 HTid PCR FEW 2 95°C10 RO IEIZS
PEEH, 40°C T2 7 ==Y 27 &7\, ¥—%
VYA 7T —NOREZ 0.1°C/FRE T 80°C £ T
EAL 7=, ZORE EROA > & — )NV HEERE
ZHIEL, mfgthiz5e

Figures 1-3 1351 2. TR/~ HE& D SNP 5 H
WHRTH D, CYP2CI9*2 O SNP thHikE 5 % Fig. 1
IR, fitllid PCR EY) 2 0.1°C/BEIBR TMELL
T, #EREZENE L ZBRICE S NSl o &
D—RKW5rfEi (—dF/dT) Z/RL, SNP O
—dF/dT IZ 35— 7 (T, fE) 2K DHHL
7. BRAUREHEGHKR (CYP2CI19*2/*2) 37 0—
THNIRIAR Y TFNERET D20, KW Ty #
(49.1°C) TiRBEEAC S, —F, BAMKEES
K (CYP2CI19*1/*D) 137 0—THNIZI Ay FN
FHELRWED Ty fEIX 58.5°C &/a D, AT O
Bk (CYP2CI9¥1/*2) 132 DD -V %&/;RLT=
Figure 2 12 CYP2C19*3 @ SNP ¥ i &2 R~ T.
CYP2C19*3/*3 @ T, 1% 53.8°C, CYP2C19*1/*1
D Ty EIL 62.0°C TH o 7=,

CYP2C9*3 @ SNP # ik % % Fig. 3 1TRT. 7
O—7R3ARACIT Yy FTHEIICHFTNTND
=%, BHRKREEAEK (CYP2CY*1/*]) 137 0—
THNIZIAR Y TFNHFELET 2720, KW T, #
(59.2°C) Tfg#zEtTC%. HAAND CYP2C9*3/*3
DFBHENL 0.04% EMied TAHI <, AHPIEFHE
BT Ty f1d 653°C EH—DE—27 %L
7=. —74, CYP2C9*1/*3 @ Ty filild 59.2°C ¥
65.9C £ 2D -V &Lz, SEOKEFT

Table 1. Nucleotide Sequences of Primers and Probes Used in This Study

SNPs Primers

Probes

F: 5"-GAG GAT GGA AAA 5’-CTC ATG ACG CTG CGG AAT TTT GGG

CAG AGA CTT-3

ATG GGG AAG AG-3'-Fluorescein

*2  430C—T
R: 5-GTC CAG TAA GGT 5’-LCRed640-AGC ATT GAG GAC CGT
CAG TGA TAT G-3 GTT C-3’-phosphorylation
CYP2C9
F: 5-AGG AAG AGA TTG 5’GTC CAG AGA TAC CTT GAC CTT
AAC GTG TGA-3’ CTC-3"-Fluorescein
*3 1075A—C
R: 5-ACT ATG AAT TTG 5"-LCRed640-CCA CCA GCC TGC CCC
GGG ACT TCG-3¥ ATGCAG TG-3"-phosphorylation
F: 5-GAT ATG CAA TAA 5-ATA TCA CTT TCC ATA AAA GCA AGG
TTT TCC CA-3’ TTT TTA AGT AAT TTG T-3’-Fluorescein
*2 681G—A
R: 5-CAT CCG TAG TAA 5’-LCRed640-ATG GGT TCC CGG GAA
ACA CAA AAC-¥ ATA-3 -phosphorylation
CYP2C19
F: 5-GCT CCA TTA TTT 5’-GTG GTT TCT CAG GAA GCA AAA AAC
TCC AGA AAC G-3 TTG GCC TTA CCT-3’-Fluorescein
*3 636G—A

R: 5-AAT GGG CTT AGA 5’-LCRed640-GAT CCA GGG GGT GCT

AGC CTG AT-3¥

TAC-3"-phosphorylation

SNP: single nucleotide polymorphism. Under line indicates the polymorphic bases in the probes.
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Fig. 1. CYP2CI19*2 Genotyping Using Light Cycler Melting Curve Analysis

The graph shows melting points (T,,) of approximately 49.1°C for CYP2C19*2/*2, 58.5°C for CYP2CI19*1/*1, and 49.1°C and 58.5°C for CYP2C19*1/*2.
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Fig. 2. CYP2CI19*3 Genotyping Using Light Cycler Melting Curve Analysis

The graph shows melting points (T,,) of approximately 53.8°C for CYP2C19*3/*3, 62.0°C for CYP2CI19*1/*1, and 53.8°C and 62.0°C for CYP2C19*1/*3.
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Fig. 3. CYP2C9*3 Genotyping Using Light Cycler Melting Curve Analysis

The graph shows melting points (T,,) of approximately 65.3°C for CYP2C9*3/*3, 59.2°C for CYP2C9*1/*1, and 65.9°C and 59.2°C for CYP2C9*1/*3.
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& CYP2C9*2 @ SNP Zfiid % Z &N TERN>
7z,

728, 7/ . DNA Ot 5 SNP o i 3
ReFIANIC FE R RE T b > 7z,

Figures 1-3 TSNP 2§ 5K ICDNTH A L
DR —=D LA ET> & T A CYP2CI9®2
(681G—A), CYP2C19*3 (636G—A), CYP2C9*3
(1075A—C) #=xnZzhMmiiL 7.

2. ERERICH

2-1. PHT OX¥EHNRE  CYP2CY & CYP2CI19
D SNP z 4 BT CTENT A—F — (Viax, Knn
B Vina/K) Z ML= & 25, Kruskal-Wallis
BOEICTHMICAEREENRO 5Nz (Table2). 1
BEDY Ve 13.1 mg/day/kg 125 L, CYP2C19
D SNP #H9 2 0 #, ML 11.2, 10.2mg/day/
kg EOR|FL. —F, CYP2CY9 O SNP ZH ¢
HIVERT 8.0 mg/day/kg EHEIZILT L 7= (Scheffe
15 p=0.004). Ky IZBHL Tl I # 4.8 ug/ml 125
L, II#, IVEIZZNZTN 7.1, 7.1ug/ml & EHL
Zbo0, AEREFED NN IO
75 > A (Vpa/Ky) 2.91/day/kg ikt L, I, IV
BXENFN 1.5, 1.11/day/kg EIRMEZ KL, AX
MY BNz (Scheffe % ; p=0.006, 0.003). L
o T, NETAMAEFEO PHT OR#AEIX
SNP DEWICE > TR D, CYP2CI*1/*3 #HT
2 BFIHENRESEK T T2 EHEE I N,

2-2. fEBI

FEGT 12 25% 2R

BT 5 AT West JEMEREEZW, W< DRHDE
EHBITE ¥ 2 > Bs KEEL, ACTH %L, 7 b
SRBEEE, BRATRPITAD VRIS N NRIED

WEIRD NN, FLTANAUEDOH T
PHT I3k E TH o 720, EHEZZE D H Ik
(BE5& - MHAREARH), NL7 O (VPA) 400
mg & hEIY—F (TPM) 50mg ZRFAL T3
HDODOFEEDMENI 7 T, Yt ¥ —IT Ak
Elxork.

ABitg, A% &E 25072 PHT OB 5085
S CYP2CY9 & CYP2C19 @ SNP Z/p# L7z & 2
%, CYP2C9*1/*3 [k U\ CYP2CI9*1/*3 TH 5 Z &
DHIBIL 7=, L7245 T, PHT ORHIBEM FITrE
D AR EO EFRSIETOER E L TERDN
2. ZO~% PHTIZ 10mg/H (1 mg/kg) THRHA
BIGA L, HMeFFE 60 mg/H T #EET 11.6-12 ug/
ml, BIERZELCSZ LM< PHT 28 AT 52 &
INTE.

FEG]2 1 2% HIR

A1 5 AT ThADAUEFIE, PB KEFIL,
TPM, SERUF >, VPA CBZAEZKT HE]
TEROWB iZEH oD d k. DL ZNS &
CLB DA GHE THREZ ERET SEME D3
EZEA LI2d00, BRET SREMEIZHER LN
7=. SO AR TPHT OE AN S NZZ0,
JEB 1 EEARIC SNP 2048 L7z, Z OfE,
CYP2C1913*1/*1 TH > /=73, CYP2C9*3/*3 & fli
DTHBRMBERRBRETHD I ENHHL 2
(Fig. 3). EIREELW#D L PHT O#EAXRAD
®, HAERAORBWLRFIEY LAEZRNTIH L
2o/, AEFIIPHT 22 L, EHFIRICZD
B2 L .

Table 2. Effects of CYP2C9 and CYP2C19 Genotypes on Pharmacokinetic Parameters of Phenytoin in

Pediatric Patients with Epilepsy

Group 1 Group II Group III Group IV
p value?
n=7 n=6 n=3 n=4
Age 2.8+1.3 3.7+1.4 3.3£0.5 2.3+1.5 0.481
Body weight (kg) 13.3+£3.4 14.9+2.4 15.2+1.8 12.9+3.0 0.310
Ve (mg/day/kg) 13.1+1.9 11.2+1.4 10.2+2.0 8.0+0.99-**  0.012
K, (ug/ml) 4.8+1.6 5.5+1.8 7.1£1.0 7.1£0.7 0.049
Vimax/ K (1/day/kg) 2.94+0.6 2.2+0.7 1.5+0.39.* 1.1£0.12-*%*  0.009

Patients were classified according to polymorphisms into four groups: group I (CYP2C9*1/*1, CYP2C19*1/*1), group 11
(CYP2C9*1/*1, CYP2C19*1/*2 or *1/*3), group 11l (CYP2C9*1/*1, CYP2C19*2/*2), and group IV (CYP2C9*1/*3,
CYP2C19*%1/*2 or *1/*3). Significance was determined using Kruskal-Wallis analysis and Scheffe’s multiple comparison. Data
were expressed as mean=+S.D. @ Kruskal-Wallis test. ' Scheffe’s multiple test; versus group 1 * p<{0.01, ** p<0.005.
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AWFZE12 & O LightCycler & W /= CYP2C9 KT8
CYP2C19 @ SNP il i 2v g & 72> /. Light-
Cycler iIZX D PCR EYDHE N ZMTT 2 Hik&E L
C SYBER green 2 & % /i% & Hybridization Probe
EHWSHENRD S, FERIONDNNERL -
Hybridization Probe %13 SYBER green & b ~#
TO—T&2REETEH0, JAXANEATELZHDD
#HH T X)L 17z PCR FEY) % f D TR I
TEDHENH B, Figures 1-3ITR_L7=LDIT
CYP2C9*3, CYP2C19*2, CYP2CI9*3 @ Ty, fli D 3%
WA TR EMIC SNP 2 g 2 2 ENA[RETH
Sz, 7B, CYP2C9*3 DMHIE Ty [EDZENKE
<Irn&d, BRIy FTHEI 0T 2
L7

INETTANADMHEERT CYP2CY KX CYP2CI9
@ SNP ztth U, EIEH O Z M k3558 121
L7=EZH 25 H DD, 29 SNP D5 i3 bE M 7 1
E%# %3 LT 5 PCR-RFLP 2 W THD, H¥
IREBNOICHIZREEE-EZZ 5=, —F, b
DN OB FE L 7= LightCycler % /= SNP O 43 #f
X, 7 Al S HIE £ TICET SRR 3
MELHICHRZESND ZENRRKOFETH 5.

—fEENZ NS S5 PHT O#feFs &13 5-10 mg
/kg TH 5. fEHI 113 PHT #5571 CYP2C19*1/
*2 e ON CYP2C9*1/*3 TH 5 T ENHIBAL 7=,
Odani 5% O 2 HIT Vi 13 63.7 mg/ H & HEH
L, #FiEZ 60mg I E L, PHT ZiiiL /-.
E72, fEHF 213 PHT EARTIC CYP2C9*3/*3 TH
52 ENHBAL . 7Tl CYP2C9*3/*3 26T
LZEBFICEREPHT 205 L& 25, A 10-
14 H THA R HERE 2 UERDHESINT
W3, 28 Zns oz PHT 08 AITAEH
HROfEBREN ERS &MWL, Pik&io 7z,
PHT H#H I ABRIBEDLE LR DML, M
HEIZXNOHEMIHDRNS, EHE S5 PHT H
7 % 2T CYP2C9*1/*3, CYP2C19*1/*3 1|
U7 e 23 LT\ 5, e Bl AR & 1
HEEOD Y hO—=)LO-OEMABRNBETH >
7z,

ek D EIL PHT F13 2 £ L TH 5 SNP %257
FLTWLDIZHL, ABFZEIE PHT i H{1C SNP

ZIEEBELUCEWER O FHICRNL TS I ENTE, &
BREFNICOERAEEZ 5N

AE 20 B O/NBEBETANAEEENGEL T
PHT QN5 A—% —zHH L /=41, CYP2C9
& CYP2C19 M} @ SNP 73R #BEIC B A2 52T
W5 EEZ 5N, Mamiya 591% 134 Z Dk N E
H O PHT O Il g E T — % Z it L T CYP2CY
DSNP Z2HT2HEETIE Vi MR TFT D&
WELTWD, —F, CYP2C19*2/*2, *2/*3 R UN*3
/3T HEFRIHFAREEL, K, N 54% 1
LU, CYP2CI19*1/*2 }yU*1/*3 T%H 22% LR/ T
HEHEL TS, ZOHE & FKIC Odani 5913
INBEEDMFDOTANIVEZEEZYREL,
CYP2C9 X 1% CYP2CI9 @ SNP ZH 3 5 HE#H D
Voax 1EFNFN33%, %R TFTHIE2MEL
Tna, bNONORRIIINE TORHFITHRT
ERMICEWI T IR ERLED, MREEE
SNP ODFHETHIET 5 LEMBL/NT A—F —D
BRI Z IO Z /R LU=, F£/=, Taguchi 5V
205D TANAVEE (FHEFE 11.9 %) 2%
E LT, CYP2C9 & CYP2C19 @ SNP 7 5 4 B
LT Viay ®° Vina/ K 72 EZ R U 12 VE B2
BRDIZM O Tz, AMFUINREEZE 6 EAMICH
L2728, Taguchi 5 DMBEITLERNFH NI YT T
SAEMRL, MBEFEMER I ETEMITEDMR
HEEDEEZWA D EMTE, LRMOEEICT
BEEZRDZEEZ OGN, —RIIT/NBIZAKRE
2K IO EEATE <, RREICEWIEY Y
7T AREET S, DD, AHFEIIAREDIT
5D&E&DRLTHED, 6BRARMOBRIZEZNS &
L7z, 4%13 6 U EDRIBIZONWTS RO MG
MRETHDEEZEZLNS.
AEOBEE U THEI R RA¥ETF 5%, 2010
EBE, CYP2C19 5T 28 O JIE O {rB 5 F 13
FHEPEIRICRESNZAY AN Y — - EOURE
BWIEOATHO, FiTADAEIIHT S CYP2CY
J O CYP2C19 OHEIEII RSN TH D, Ll
S, PHT I ZREARMPIRENR S, 58
DFRENHLWHITANAEEL THIENTWVWS,
CYP2C9 K% T CYP2C19 @ SNP ZH#fipi L, #
5E8%THT5ZEF PHT hEQEREICEH &%
A5, GRITBERAMIREZREG L, KoHmEORRH
A RMEZFFEL TO X200,
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4 [ENE PHT & HDIZiR X 7248 CYP2C19 13X >
VIOT7EE CREHORMICHEG T HHETHD,
Z @ SNP 7t CLB O F #h kD RIE I &% M
FTEMESINTND. D ZDFh, BEBRBRDOH
T W3 T H 5 oxcarbazepine < stiripentol |3
CYP2CI9 OFHEAIE L THLENTWS., ZDLD
IZ CYP2C9 T CYP2C19 @ SNP 434t D Bk 1T
SHbEMELEEZOND. BB TANAEEIC
BT CYP2CY [ U8 CYP2C19 @ SNP 4y b 5] %
ZREL, BHERD Y 27 DRERTHEOEBE 2 Ry
HT 2 ETHRNZUEZHL TOEZNnEE X
%.
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