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Clinically important genetic polymorphisms influencing drug metabolism and drug response have typically been dis-
covered on the basis of phenotypic differences among individuals from different populations. Routine genotyping before
drug therapy may enable the identification of responders, nonresponders, or patients at increased risk of toxicity. Auto-
mated, high-throughput detecting methods for single-nucleotide polymorphisms (SNPs) are highly desirable in many
clinical laboratories. The aim of this study is to develop a high-throughput genotyping method for detecting SNPs in-
fluencing drug response in the Japanese population. We have developed three real-time PCR assays for detecting SNPs
in the human drug-metabolizing enzymes and drug targets. The assay for simultaneously detecting CYP2A6, CYP2B6,
CYP2C9, CYP2C18, CYP2C19, CYP2D6, CYP2E1, CYP3AS, NAT2, TPMT, DPYD, UGT1A1, ALDH2, ADH2,
MDRI1, CETP, DCP-1, ADRB2, HTR2A, INPP1, SDF1, and mitochondrial DNA polymorphisms takes less than 1.5 h.
With the clinical application of NAT2 genotyping, we found statistically significant difference between the incidence of
adverse drug reactions (ADRs) and the NA T2 genotype. The incidence of the ADRs was significantly higher in the slow
type than the in other two types, as 5 of the 6 patients were of the slowtype, and the other was the intermediatetype,

while no patients of the rapidtype has developed any ADRs.
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Fig. 1. Principle of Traditional SNP Detection Method with TagMan Probes
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Fig. 2. Principle of SNP Detection Method in the Allele
Specific PCR
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Fig. 3. Scheme of AS Real-Time PCR Assay for Detection of
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Fig. 5. The Relationship between the Difference of Threshold
Cycle (Ctwt—Ctmt) and Genotypes of CYP2CI19*1/*1, *1/
*2 and *2/*2
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Fig. 6. Simultaneous Detection of 34 SNPs Using AS Real-Time PCR Assay
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Fig. 7. Principle of Hybridization Probes Format

Taq Polymerase
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Fig. 8. Principle of SNP Detection Method with Hybridization Probes
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Fig. 9. Profile of Melting Curve Analysis
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WTEBBL/RRE—HLZ £/ ZO6HHED
SNP i3 XCH— DML HETHERETH >
7= 12

Z DR LightCycler 2 W5 Z & TRSHKE
ff72 40 712 U, Afgiiic k> TEETFZH
IR 2 HETH S, BIEETIZ, ok
RIZBWT, ZTOHEITELSD TPMT,® NAT2,'Y
CYP2D6*4Y 72 EDQBIZ T LM RN SN
TV, FIEIRHEAERE/NITH D 2 Enb,
FERDFICHA LT WEBALNS. T2, 1A
DFvyETY—THRHAETHD, MHEBRIIHEMAL
FEEHREETDLIENTELRD, HROGHRNED
DI, SERESEL 72 SNP OMIERITBWT, K
IRERE TR TR =R EIIITHREL TS
e, —EIILHEEOBELETFMEZMRNT S5 I &AM
RETH 5.

ABI PRISM 7700 & LightCycler Dtk HiTE,
IR EIZPB W TIIEAMIZ AS Real-Time PCR
Assay {3 ABI PRISM 7700 % i \»C, —} Hybri-
dization Probe Assay |3 LightCycler z f )\ TH71 >
TWaM, TNENOEFREEMZEKLETNWS, D
£ U LightCycler [Jif EFHi &2 22T K> TIr> T
B, BRERNIWTIZAFYETU—2HN5
2%, FFFMTPCR 2175 Z&MA[EETH S, L
ML, TNPAICEMEZRENHEL <, LTI AH
OF+ETY—2HNE0Y 27 )V FRENEM T
HBDEVWIREESD, £2, —EITRKT 32 M
KU MAIE TE720. AS Real-Time PCR TH W/~
ABI PRISM 7700 3 K 48 itk & — T H T
E, Y TIIVRENHEBNEFETH S E WD F|
HZEHD, LML, —DODSNP OMHIZ 2 ADF
a—TJ7 % NELT S, F/z, LightCycler iZthR 3%
EFUNRERIMMEWE WS REND 5.

Z 2T~ 5 DNA fliHi#, o> 7 )L iis—H
E—ZWE TORRERMZFHIILZ. £, 1EA
BT EMEED SNP IZD W TCEETZMT %5
HEEEL THRHFLEZ 5 1L EADOBRIKICHL T
CETP (297G>A), ADRB2 (46A>G, 79C>G),
HTR2A (102T>C), Mitochondrial DNA (1555A>
G), INPP1 (973C>A) O 6 f&}EMD SNP i L

7z. ABI PRISM 7700 Tli34¥ > 7 ILFAE N 5 E
TFTHROHEET2HRMIS pELEZDIIHL,
LightCycler TlZ 1 B[] 35 0 TIT RN TOEAENK T
U7, RIT1HED SNP IZDWTEBIKDERT
ZWiZE T L5552 E L THRa L7z, CETP (297G
>A) BETEHIIOWTA8 Y TIVDOEIETZ
Wrz17 > 72, HiZii N7z X 51T LightCycler Tl3—
B4 TINHIETSHZEIITERVED, 2
BT THRIE L7z, T D%, ABI PRISM 7700
132 R 35 B L =D Icxt LT, LightCycler I 3
Mif] 35 3 2B L7z, ZOHT, 48 RikDFRHIC
9 %X ABI PRISM 7700 T 355 CTH o 7= DIC
%t L, LightCycler Tl 2 BT iU 7z o 7
Wiz, 40432 L7z, aA MHETIE, AS Real-
Time PCR Assay Tld 1 D® SNP 2T 25D
B4 % AL 510 1Y, Hybridization Probe 3£ Tl
5499 THY, FTFREETH- /.

SYBR Green I PCR/Melting Curve Assay AS
Real-Time PCR Assay % Hybridization Probe As-
say I —HHEBEBHO X D BRBELETEROBEITIZIE
WA TH D), Bt~BEHEEDOMHA - RED
BEFLEBREANOICHIIR#ETH S, £z, #t
TO—-7REERNEMTHD, ZoTO—-T &N
mWEAfi7R SNP ik bk onTnsg, 22
T, #)f# & L TSYBR Green I 2y T PCR
Z17W, PCREYDOH A X GC% B EDEWNIC
X% Tm {EDOZEZF|H L 7= Melting Curve fEHT1Z X
DEETHZHET 52ZWIEOHMEZK A/,
Figure 10 IZ;7R L 72 & D12, SYBR Green I |3 " A$H
DNA I DIAENTHIEZEZFT 50, TDHN
ttFEZEZHWTPCR 2175 &, PCRENDHEIEE &
HICHEHMEDHEBINS., BETFELAEBREIEZ
Hybridization Probe % & [A#£1Z, Melting Curve fi#
FriZ&> Tiro 7z, PCRIETH, #HA 7 FIL 2
TS —LBNS, BEZO-SDERARIESE
—%H DNA ORlICED, —ZA$H DNA 1T/ 5.
IDEE, A DNAICEDIAZEN TW/E SYBR
Green I VR SN, #OLRENBIMITE T T 5.
Z O Melting Curve D REL R %, HOCHEE DE
D—KWsrE (—dF/dT) z#|REICHLTToy k
Lz o7hs, Bk Tm OE—-DOE -7 &
L, BRTFRZHET S, B T~REHEEORFA -
RIDBEIZTERTIX, PCREYDOT A ANTH
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FTNOY VIVEITTRESBIRD 720, AlfRREICE
MWELCD. ZO7 LIVRERYIZE 5015 RCR JEY)
O TmEZFIHL CEETFHEHOHEZITD. Ml
W27 794 RNA AT AT L XD GeneAmp
5700 & % Wit LightCycler 2 i W Tfr> /=. 5-
Hydroxytriptamin transporter (5-HTT) 1% 44 bp &
A+ RERALE 125 bp, 167 bp i AR 75 & QEAEE D
BIZTFERMNEMEL, O M 2RERWERD A S

SYBR Green |
e = =

R > (95T

Fig. 10. Schematic Representation of Insertion/Deletion
Polymorphisms with SYBR Green I

PCR#& 11, WMHNI T FNEEZIY—LAENS, HEZ 60CH5S
95 CETW-L<DEEFIEDEAHDNA ORIAICED, —AH
DNA [Z72%. ZM&E, A DNA ICHDIAEN TV SYBR Green
[ &, SOCMENZIMITIR T2, B ~BEEROMHA - RK
12L& % PCR EHOH A ANTNZNDOT LIV TRES RIBRDEZDRK
RECSICKRERE (ATm) BNELC D, ZO7 LVIVERMIZESIS
PCR FEW)® Tm fHZFI L CREFHOHEZETS.

[ 108-bp l

long allele T

—
| | @p] [

short allele l

-dFidT ¥s Temp

FH=E3# SSRI (serotonin selective reuptake inhibitor)
ORI EMBEEZ DD ENREBINT NS,
AN 44 bp DA - REBELRTFLR O 21T
o7z (Fig. 11). #fAMEEIBAA 2RO I DITL TR
LT I14~<Y—2HNWTPCR 2175 &, long ()
77 1L )L1iZ 103 bp, short (s) B 7Y L JLiZ S9bp @
PCR EYINETNTNIFS5N/=. PCR %, Melting
Curve @t 217> 725, 187 LIVEEEARIT
Tm E#) 88.6 ICH—~DE -7 NGFoNnz. ThiZ
KUT, sBY LIVREZEEGKIE Tm {E 85.0 ITH —
DE—=I N ESNZ. ANTOEGEKRITENSH LD
Y—rZ2#lAEbREEZ2O0 -GNz
(Fig. 11). F7z, FEkDAHET, DCP-1 O 287 bp
DA » RRLH ORI ATRETH > 7. 19
SRR L 728 A - RRBGEE T 2B HEIL,
AS Real-Time PCR i & B2 D, —ADF 21 —7 T
KIinZETSZENTED D, FEHrOIXRNT
SNP 2T 5 &EMNTES. £/, GeneAmp
5700 & HW=355E, —EIC 96 Dk ZER) 2 KT,
LightCycler 2 W /=156, —EIT 32 0K ZEK
40 /r TR A Z EMWA[EETdH 5. AS Real-Time
PCR < Hybridization Probe {£ & bz U T, S
mETO—TE2HANWDS Z E<, Zffi7s SYBR
Green I ZFHT 5720, MHIZ MKW, /=
1RDF 2 —TXiFF+EF) —THRIEWTEERZ

Profile
4
mmmin  |ong/long =
3] = long/short i 3
n
wmnn ghort/short -!
2] H
H
H
1_
04 *
-
-1

60 65 70 75 80 85 90 95
Temperature [°C]

Fig. 11. Melting Curve Analysis with SYBR Green I for Detection of 5-HTT Long/Short Polymorphism
A 2D I OIC L TR LET S Y —%2HWT PCR #1795 &, long B 7 L)L 108 bp, short 47 L)L 59 bp @ PCR FEEMMENF NS
515, long 87 LI)VAREEAEKIT Tm E#) 88.6 ICH —~OE—I7 556N/, T LT, short B 7 LI)VREHEESARIT Tm {4 85.0 ICTH —~DE — 7 1%

SNz, ANTHEGRIZTNSHHOE -2 2HllAGDEL 2 DOE -GS,

ZHC K DBEETFEROHBIN R L2 5.
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B, BT )VIREN L ERE T A, —EIT%
BOMKEZWUHETESDEND AUy FERED,

B PR it

BRAERMRZITOEIC  BlE, AMITBWTER
TR 2T O B a1, 3ATICEd Te vTF
I BERTFRTICEE T 2 mBEfE Z#sF L7
TR 570, Fx O EAMICAIZ BT
e b7 L BETFRTIFRICEET 5 fm e 8t
KOO THRALREE A BRI BT 28R T2l
K OEAGTRITIEIC B 585 FEIH]) % H A
ELTIrbnTwas, UL, EBOBETIE, @
HIgs ORIENRILITONZIEHH D, £HEFH
DIRRETHRZED TV D IERNZND TN
A5, FRElZ, F&A DT> T SEETRITIHE
DOFNZERL .

BRI D k7R EMZE 7 0 s O — )V OERL
PR IE A DIKFE

MEEEAE~OT ORIV, FE, &
1E, KGR

AR K 2 BHE O FHF R

Rl & 5 WIE & 1T K D AR ERHL

SEHEIEL T OfE NG HIE Ak

BT

F—& =2t

[ fifi ~\ D FHERK

W5 3R EE DIEIE Whidk

BEOREEILR, WEmkR

i FE & B A FFRIR I D
NAT? B ¥ ZBBRHICLDM1/ =T FES5E
FZORIEARBERE SRBEEIYVZTY PR
(INH) O N—7 tFIMLEDOEAZED, t hIH
I} % N-acetyltransferase2 (NAT2) & T DA
WCEoTEIERIINDZENEIMSHASN TN
5. NAT2 137 £ FIUEIEPEIZ L D rapid  acetyla-
tor (RA), intermediate acetylator (IA), slow acetyla-
tor (SA) IS NS, SA OBEIIHAETIZN
50% THHDIZHL T, HEATIIHN10% TH
%, BE 10 EL FOZERNENWHEINTWS
2, HAANTIZINAT2* (FARTY L)L) LSO 3
M OLE R (NAT2*5, NAT2*6 1N NAT2*7) T
13T 100% D SA ZFHBATE 2. BE, SUHE=EIC
BWT, INHEZ#GBEFICBI2RIMERBHR &
NAT2 BET2RICHET 2BUER 2R L, BET

SHECHG)

@60 0O ee®

ZWHC X 2 EIEAFEEEGE S 2 7 L OREEZETT> T
B0, ZITRE, ZFO—-HEHBNT 5.

fEF 1 BEE, IRA RS SRR K NG FE M I/
WD T SR R & 2 S 72 25 RO LT H 5.

REMHEIER OO T L Ry noy, £71L k=
Vo OEGEEESIL - IREORD T 7 EF K
U577V />, T RZyO>O5EEKIEDD
INH, EfiXEOZDTY AI)NECHEET T8
B8k MU T L, RHREROZDIFY T L%
B3N/, Yk z FBm% SO - Tk
L7z, ZNSEWEROFEILME 2 BT, sHOARER
K1 Th > 2. EWBIERIC B E KT I 6
MO B BE DFEFE & 725 AST, ALT, BUN (2134
WWEREMEITRNHI N>/ £, IRAEAO
HENEHROMR, BEHEKRE, REER HEE
5, MHEERREZEDSNRh> T2 IRAER O
Bl - EHEORBME LR EZA, VI U®RE
—kF N LDRIERTH ek b B E TE/R
molz. UL, EIfERZFETRES INH Ok H H
E—HT DD, TONMBERTDHD NAT2 DE
B2 E5E> 2. AFUIHRE LR A B %
BAX0ERINZTO ha—)LichlD, BEFIT
ISR ENFEEN G S NBRITON. T/
/s DNAIZ, RASML 200 ul K0 L= iz,

QlAamp DNA Mini Kit (F747 ) ZHWi.

NAT2 &5 72RO, AS Real-Time PCR %
W, NAT2 B T8 % BT UiE R, B4R
DAL THID NAT2 4/*4 THHDITH L, HBFED
B TRINE NAT2*7/*7 DA RBKEEAAKRTH -
. TS ORERERIC, HYE, fHYEEAA &
EFHSOMT, MEFHORGEFIETSZEEL
7=, =0, BEOEL - EHIIHEL .

fEFI2 BEE, 2T T X EBW
SN AN ROBHETHS. RENHIEHO DT
L Rzvoy, JL RZyO>oBEEN IED=D
20 INH 253Nk, £k, BFgra7
O—)b, YADIVEZBRUONTTOX S MUY
LB G I N, EYRIERBERK 1 o A
kil U7z Fg, INH 5 HITIRD 39°C 5 D FEE)N
WU/ BEROFRENLE 2 BT, #0OREERKN
1R TCTd > 7z, EMBREIC B % KT T FHEE

OB RE DIEHE & 725 AST, ALT, BUN (T34
BEEIRwHInanhotz, £z, RAEA O
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FHEHOMR, HERE, REHER EEEEL,
MHEERREZEDNBRho ., ERF 1 &R
IZ, BED NAT2 B TFRIZ T L 265 ER, NAT2
6/*7 DAERA O )NT > RATOHGKRTH -
. TS OREREIIC, HYE, fHY AR &
MEEOMT, FMEHZMBANCELEEITLZIELEL
7z, TOtk, BEOFEBUIMEL .

B OFEFOMIZH, Table 1 IZRLAZEK D7
NAT2 BT 2RMNRK & TS N 2RI R FEEG
NEWHX N, BHETIE, Fig 2I1ICRTXI725E
BFEZWIC X 2RIERELE S X T L% FEEOEKD
RETHBINTERN L TS, &L, NAT2 EixT
M E 2O XD IREER R ORI RN
X, EWRIEBRIARTIIC NAT2 @in 7282 HET
HZEIIKD, BIEFHORB LT WEREFEZHEET

Table 1. Associations of NAT2 Genotypes and INH Induced
—ADRs

NOeflects  (wild-wpe 4/ reatment RSl
1 VI:I)?nuistiesg NAT2*7/*7 Stop Improved
2 Fever NAT2*6/*7 Substitution Improved
3 Eruption NAT2*5/*7 Continue hi?t;lrtri;ne
imr\),ai.isrurilent NAT2%6/*6 Dectrase  Improved

3 Pflreilﬁ)r};teirsal NAT2%6/*7 Stop Ease

Pflreilﬁ)r};teirsal NAT2*4/*6 Stop Ease

[ Tubercular, SLE Patients |

U

DT EMAREE TR D, WK TIX SA DBEEENEK 50
% EMEINTNSD, DNETIIN 10% &7k
W, U UBITE, MBS G T051C INH 1A
SHWuBLRNTWS D, HEATHEDHEED
P AT RBIEEICEETHHEEAD. F
A, REEEFERDSEIMOMERICH S0,
INH 2% IN5BF T ETEITHML, SAITH
T HEIWER L DOREPNELIZ>TLS B THA 9.
Z Dt DERERIG A

(1) #WEBHICKTDT7I/45)3L R4
BIC & 2HEEREED/=HD I O K1) 7 DNAE
¥l I h3J2RUY DNA D 1555 %HD
ANMGRRAERL TWBEH AT T, AMLTRY
AT RT IR CREDTYI YAV RA
PUAERIOBEIZED, Ral¥i s E#Ec/zo
RTNIENWEINTND, ZOLREZET DA
DMK N TH 200—300 Nic 1 ATHS. H
ANZBNWTSH, K350 N2 1 NOFEETHEET S
Z ENEIEE OERE A REE ALK B8 1 Oy
RZAFF 4 —TRENTWDS, Ko THEREHERE
TARLTIRATDEREINDEHFITHLT,
HEMU®HI b2 R 7 DNA OEE T2 21T
DT EN, TNSEAORWERZMELT 2 EKTH
WTH5, HxIEI T2 R 7 DNAISSS BRD
U7 INEA LR EEEL, REABRSTEDA
P& ioe U CEETZMZT>Tnwa, BIfFELT
12, S FI2RU Y DNAISSS ZBRZBELTWDE
FiEHWHINTWRWD, 5% bEET2W 2k

| Hospitalization | ——)

Administration of | Side

Isoniazid

* /
| Informed consent | "’i iy
* * |C£ <:I Discontinuance

’Effects

Optimal dose

| Genotyping of NAE

| SNP Data base |

Fig. 12. Scheme of Genetic Testing in Tohoku University Hospital

> Other medicine

WALKFBETIEA YV =27 2 ROBEMTONSREESL2GETY T b —F XDBENART S EHEBICA > 7 +— L Ra 22 bavlaEh, NAT2 O
BLETZENRINS. INSOERIZT—IR—ZAICL0EHIN, (V7Y RES5%E, BERPBRIN, HDORREN NAT? OELETERICIELSY

B, WHEENRBRINDIATLERDTND,
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for U CRRF ORIERFBBLELEZTT> T <,

(2) AMAmBREECESTFIALATENT) >
BE5(C&ZEIEARIR E TPMT BT SR OB
A R R ORERAIC AV T ST IS
INDM, FEFAORIERE LT, B REPIH %
REREEENFI T 2IEMDH 5. Z DFERITH % 73
HFNEZLNTNWSED, TOHD1DELTAIL
AT TV OREBERTHDF AT > S—AF
WHEF A7 25— (TPMT) ® SNP|2X0,
BERIEE TS L, M REN R T 5720 T
HBZENRBINTNS, FLIITTITHAANE
MIcB T2 TPMT O IE I a—F— 3 0N
TPMT*3C THHZ L RWHL TV, 1718 22
T, EBRIZANAT T % G5EETRIERN
HLUTWBEFIZBWT, TPMT OiEfxT2kiz
FFoTWwa., BIFEETIZ, UBRTAIAT T >
DRIWERZHEBL TWDHEFITBNWT, TPMT3C
DHEEIMERIN TN, LD, ZUIEIc
HBEEZ ZH SNP OGFEE KRBT 55D TH
0, BT, RHBEZED TMPT #&xT O EE Y] % F
HhTdhs.

(3) HERFEEICEKTS CYP2C9 BT 2H2
WiC L 2B OMBRBEOEHERSEDHRE  #H#1
BEREEE NV T4 2 R CYP2C9 I &> THREHE
N5, HARNEMIZR#K: SNP TH % CYP2C9
BYLIVE, BREEOEKTEZEZRN, HAA
DKI25 AT 1T NFIATOESGKRTH 5. BE, &
ZIEMIVTH I FHREEREZEITBWT CYP2CI D
BTFZWEITY, YR E R BRI & O
BARAfR Z T L T 5.,

EX-)

T, BETFLENIMEENICHKEL, AR
MEETZIICOEE OELR TR INT
W5, ZNHSIIRKDRIESLHRIEICKT DL AR
ADERZHEL TVWBIRFTHSEEALN TN
%. BITE, SNP E#HZFHL, DL AR & —
BT VAR —2HWL T, BERELIC
U7 RRE IR I ND T — T — A RIEEDE
BEINEDELTNE, ZN5DEEENRNITT
DTV 72DITiE, REOEBEHIG T, BEFENED
YA T DBIETEFEONZTEITHET 5 FENI
U s s, i, BETHEHET S FEE
LT, DNAF v 7MEHINTWS., DNA Fv

T, BTFASEAEEOBLETNRDHT5NT
Wz 05— em AOF Yy T THD, ZOFvT L
IZHANTZNY T ) 1z 5T SEE T OH R
FIOENWEREICHET S ENTES, EREIC
CYP DWW < DD SNP IZBI L TIE, RCK AR
7% SNP TiZH 24, T TIZEmianTnws, L
ML, DNA Fv 7I3BKR R T I X SRR I
. Ko T, EE-BWICEKRIGHT S Z &3k
WICHEL <, BRI fEsR DA TEN S OF| A AT HE
2> TWa, Fx DRSS L /= SNP fii 5 dlod i
AT AL, ZORAENSZ L OERICEAT S
ZEMHEETH O, BIEES) & U THRICIRER IR
TEHEEZEATVD., FBK, T—F—AA REEN
JEBH S N, FEFIRINEBE T D SNP ITHRT 51K
AR Z 0T C, BER/NEOEYRGED
REETAE, XDRETRIFNNRD B\
ENAEEICR D TH A D, I HIZEEMBFE DB
BefE T b 5 U RIBE 2 I6H SR S BRI
HZ KD, EEMMAAORFSCIAMDHREL
BETZENTES., DFD, ZOXIRBREENE
fEINsZ&id, BEOEANZAY Yy MIHEA
h, BEDAY v hHRKEWN, FERNITIE, ki
Wt T DEFICH LT, TNTNOID 1— RITA
TBY—INTWBHFRMEAETR EDEREEDHIT
AN BT O SNP E#R b REB I N, HFH
Az ZEniEans.

BEFE AR EZRITTHICHRZD, KBEEE
THHEEEEZ ) 0 F U 7o /KAl 18 5 ALK R 22 T b T
B i - AT RICEH#HWZL 9. APZRIEEIL
REFBEFE R B A T TIrhN 2D TH D,
T2 & £ U7 RFRE A AR D Je 4 2 13
U &d 2K AMRHE DS 4 ROtz W72
ZELRE<DODALRITLEDEHNEZLET. I
B, AHFEO—HIIAFEEFE 22— P11 T A
BRELOHBISIZE > TITONZHDTH D,
HETEHOEEERLET.
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