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Study for high-performance and straightforward genotyping methods of drug metabolizing related
enzyme genes CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP3A5 and VKORC1
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TUTNHEALPCRIECSNP V= ) # A B T HIT -T2 (Figure 1), 77 A ~—3 L TagMan
7'v—7|% TaqMan SNP genotyping assays (Life Technologies fL:%) % f\ >, ZEi& |3 ABI 7300 Real
Time PCR System (Applied Biosystems f1:#4) 2/ L 72, TagMan SNP ¥ = / ¥ A &' > 7 IGRIL,
Thunderbird probe qPCR Mix 10.0 uL (B7EH#EHL), 2 x KOD FX buffer 2.0 uL CGREERG 5L, 50xROX
reference dye (HVERG#EHY) 0.4 pL, 20xTagMan SNP genotyping assays (Life Technologies £1:%) 1.0 uL,
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PCR YA 7 VAR L, KISIF 40 A 7 AT 572,
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Figure 1 Outline of the direct TagMan genotyping method using human dried saliva.
The saliva was put onto pieces of water-soluble paper and dry for one hour at room
temperature. The dried saliva attached to a piece of water-soluble paper was cut into a
1.2-mm diameter disk and put into the reaction mixture directly.
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Figure 2 Detection of the fluorescence signal in the TagMan PCR analysis. (A)
Outline of the detection of the excitation light and fluoresce signals in the TagMan PCR
analysis. (B) Detection of the fluorescence with normal filter paper. (C) Detection of the

fluorescence with water-soluble paper.
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FTo. FEITIZH O D BIRERBRIC DUV TARBFZE TR L 72 KEEHE, S isiERt, FTA 71— ROl
14 & Table 2 |28 L7z, ABFZE THWZKEHKIZ, DNA filiHH 2 M2 & &3I4 1 L 7 | TaqMan
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Table 1 Comparison for genetic analysis methods between this study and blood sample

This study Blood (liquid)
Invasive Non-invasive Invasive
Storage Room temperature Require a freezer
Shipping Mail Frozen service
DNA extraction Unnecessary Necessary

Cost TagMan reagent TagMan reagent+DNA extraction reagent

Pretreatment time A few minutes Several hours

Biohazard Non-medical waste Medical waste

Table 2 Comparison for filter papers in the genetic analysis

Water-soluble paper Filter paper FTA card
(NIPPON PAPER PAPYLIA) (ADVANTEC) (GE Healthcare Life Sciences)

direct TagMan PCR analysis O X X
DNA extraction Unnecessary Necessary Unnecessary (Wash require)
Pretreatment time Short Medium Long
Cost (¥ /sample) 18 3 733
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Table 3 Stratification of medication according to their contribution to the metabolism by major

Cytochrome P450 (CYP) isoenzymes

Gene Drug substrates'® 1920
CYP1A2 Caffeine, theophylline, domperidone, olanzapine
Warfarin, tolbutamide, diazepam, celecoxib, losartan
CYP2C9
diclofenac, ibuprofen, naproxen, piroxicam
Omeprazole, mephenytoin, proguanil, citalopram
CYP2C19 Y s
amitryptyline, clomipramine, propranolol
CYPIDE Tamoxifen, amphetamine, codeine, nortryptiline, dextromethorphan, paroxetine,
fluvoxamine, haloperidol, propafenone, debrisoquine
CYP3A5 Midazolam, tacrorimus, rifampicine
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7= (Table 4), CYP2D6 i#Efx {123\ T, 14 MKIL CYP2D6*10 DHENARA[ TH 7=, ZOFH
L LT, BIarNKREEZRT CYP2D6*5 # 6 OR[EEN B 2 biviz, 4%, IREICTRR L
Nested Long PCR {£% A\ T CYP2D6*5 DEIE AT 24T 5 TETH D P . AW TxIGRE Lz
mfnf#ETlE CYP1A2, CYP2C9, CYP2C19, CYP2D6 (B W\ Tik, AANICH_THARAN CIIAR
N KEL B2 D (Table 47217, BETMITERLDY . T 0@ B 78 O fKHEME T
CYP1A2*1A/*1A (n=593), CYP2C9*1/*1 (n=963), CYP2C19*1/*2 (n=377), CYP2D6*1/*1 (n=387).
CYP3A5*3/*3 (n=594) T -~ 7= (Table 5),

Table 4 Allele frequencies of CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3A5 (n=1017).

Gene Variant allele This study Japanese?! Caucasian®"
CYP1A2 *1C 0.234 0.319 0.010°
CYP2C9 *3 0.027 0.035 0.056

CYP2C19 *2 0.295 0.345 0.136*
CYP2C19 *3 0.111 0.090 0.000*
CYP2D6 *10 0.427 0.435 0.1962
CYP3A5 *3 0.762 0.780 0.9552

2 Significantly different (P< 0.05) mean allelic frequency compared with this study mean (Pearson's chi-square test).
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AR DEIT483 1Y B35 2 515 03,1,003 4 (CYP2D6*10 M HH R Al D 14 IR ZFRWNTH D) @
U EFR—V 3 URENTTTIE 139 Y OMARDENRED LN, TNENOBGFERMOMAE
bEE L OHOIFESE () OZ UL 1%L FThHo72n3, 30 DFLAEDE T 1%L OB % R
T&E72 (Table 6), ZOHTH - & HEWHARDEZ & DOFEIX Table 5D No. 1012777 5.1% T -
oo ENENDOBIEIZHIT DEMEOMAGDOEIX No. 8 D3 7% ThHhoTe, ZDI ENLFE
DIMABFDOEDORE 2L — 3 NFELTH SHRETHY . IEFICEHREICEL 2 LRI LM E
Mole, BHBINODOT —Z ZHRIUCIERIZORITHZ LN TED LEZXTND,



Table 5 Genotype frequencies of CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3A5 in the Japanese
population (n=1017)

Gene Genotypes Phenotypes Number of subjects Observed frequency (%)

CYP1A2  *1A/*1A® EM 593 58.3
*1A/*1C IM 372 36.6

*1C/*1C PM 52 5.1

CYP2C9 *1/*12 EM 963 94.7
*1/*3 M 54 5.3

*3/*3 PM 0 0

CYP2C19 *1/*1 EM 345 33.9
*1/*22 M 377 37.1

*1/*3 M 142 14.0

*2/*2 PM 80 7.9

*2/*3 PM 63 6.2

*3/*3 PM 10 1.0

CYP2D6 *1/*18 EM 387 38.1
*1/*10 IM 375 36.9

*10/*10 IM 241 237

Undefined 14 1.4

CYP3A5 *1/*1 EM 61 6.0
*1/*3 ™M 362 35.6

*3/*32 PM 594 58.4

a : A major mode of genotype



Table 6 Combined genotype frequency of CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3AS5 in the

Japanese population

Genotype
No. CYP1A2 CYP2C9 CYP2C19 CYP2D6  CYP3A5 Subject %
1 *1A/*1A *1/*1 *1/*1 *1/*1 *1/*3 33 3.3%
2 *1A/*1A *1/*1 *1/*1 *1/*1 *3/*3 44 4.4%
3 *1A/*1A *1/*1 *1/*1 *1/*10 *1/*3 23 2.3%
4 *1A/*1A *1/*1 *1/*1 *1/*10 *3/*3 25 2.5%
5 *1A/*1A *1/*1 *1/*1 *10/*10 *1/*3 17 1.7%
6 *1A/*1A *1/*1 *1/*1 *10/*10 *3/*3 25 2.5%
7 *1A/*1A *1/*1 *1/*2 *1/*1 *1/*3 35 3.5%
8 *1A/*1A *1/*1 *1/*2 *1/*1 *3/*3 37 3.7%
9 *1A/*1A *1/*1 *1/*2 *1/*10 *1/*3 27 2.7%
10 *1A/*1A *1/*1 *1/*2 *1/*10 *3/*3 51 5.1%
11 *1A/*1A *1/*1 *1/*2 *10/*10 *1/*3 18 1.8%
12 *1A/*1A *1/*1 *1/*2 *10/*10 *3/*3 30 3.0%
13 *1A/*1A *1/*1 *1/*3 *1/*1 *3/*3 21 2.1%
14 *1A/*1A *1/*1 *1/*3 *1/*10 *1/*3 11 1.1%
15 *1A/*1A *1/*1 *1/*3 *1/*10 *3/*3 17 1.7%
16 *1A/*1A *1/*1 *1/*3 *10/*10 *3/*3 10 1.0%
17 *1A/*1A *1/*1 *2/*2 *1/*1 *3/*3 11 1.1%
18 *1A/*1A *1/*1 *2/*2 *1/*10 *3/*3 11 1.1%
19 *1A/*1C *1/*1 *1/*1 *1/*1 *1/*3 14 1.4%
20 *1A/*1C *1/*1 *1/*1 *1/*1 *3/*3 37 3.7%
21 *1A/*1C *1/*1 *1/*1 *1/*10 *1/*3 13 1.3%
22 *1A/*1C *1/*1 *1/*1 *1/*10 *3/*3 27 2.7%
23 *1A/*1C *1/*1 *1/*1 *10/*10 *3/*3 12 1.2%
24 *1A/*1C *1/*1 *1/*2 *1/*1 *1/*3 11 1.1%
25 *1A/*1C *1/*1 *1/*2 *1/*1 *3/*3 29 2.9%
26 *1A/*1C *1/*1 *1/*2 *1/*10 *1/*3 18 1.8%
27 *1A/*1C *1/*1 *1/*2 *1/*10 *3/*3 26 2.6%
28 *1A/*1C *1/*1 *1/*2 *10/*10 *1/*3 10 1.0%
29 *1A/*1C *1/*1 *1/*2 *10/*10 *3/*3 27 2.7%
30 *1A/*1C *1/*1 *1/*3 *1/*10 *3/*3 12 1.2%
total 682 68.0%
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Table 7 Genotype frequencies of CYP2C9 and VKORC1 (%)

Genotype n This study (n=186) Reference?” (n=341)
CYP2C9 *1/*1 180 96.8 95.9
*1/*3 6 32 4.1
*3/*3 0 0.0 0.0
VKORC1 G/G 1 0.5 0.3
GIA 30 16.1 15.8
AIA 155 83.3 83.9
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DR RAES mgZ BRI L | & O IFEE KR OEIRITE R A ZIE L7 & CRmEEL RIEICB M Lo,
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EEEEIT ) 2 EMARETH A 9, FFICCYP2CO*1/*3 7> OVKORCIAIAD B#F 1L, TAEMIHIB 5 &
730.5~2 mg & B 57T K2 6D (Table 8), A LG HRNCEZFZ A2 21T, Bla %
B LR EIT) 2T, BB GEROWTEE COMRMZEMHTE D70, LVEHTE
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Table 8 Combined genotype of CYP2C9 and VKORCL1 genes in our study and initial dose based on

genetic information in warfarin package insert

VKORC1 CYP2C9 genotype
genotype *1/*1 *1/*3 *3/*3
n Doses ¥ n Doses ¥ n Doses @
G/G 1 5-7 mg 0 3-4 mg 0 0.5-2 mg
G/A 28 5-7 mg 2 3-4 mg 0 0.5-2 mg
A/A 151 3-4 mg 4 0.5-2 mg 0 0.5-2 mg

a) Expected Initial dose range of genotyping of warfarin package insert listing of the United States
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L7 DR AN IR I LV, — AR, MY > 7025 DNA Aol - i L <. JEH 0BG T
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DB D HIETHNTCE L3, RENE, BERAREOMER D 5, MEREZHEN T2 2 &%, #%
BEOEMEEZ L LA THY ., 5 1 B Til*7= TagMan PCR % & [7] URR A% H ¢ X 4,
CYP2D6*5 H, a2 BEX—a VIZHEHDH I ENTE D, BRHEDTIEZE HWTHENT 2 90 L7223,
HERZ AR R CTlL—[MD Long PCR CHIEZfERT 5 Z LR TH 7=, £ T, FrikE%E LT 5
72812 Nested Long PCR ##if L 7=, #1 L < primer 3% 319 512H7- 0 CYP2D6 & fnfDifi A K
ZAFET 52 < OV R LECHI % [F38E U7, FFRIEHIY 2 7Y o L ORISR MERR % [E 5% PCR X
JERIZIRINT % Nested Long PCR VEZ T L. WEIIC IV THIK T H AT RE 72 S (U 5
CYP2D6*5 D &A= 2 WHEDBHIIZ SR T 7,
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UCSC Genome Browser % I\ T, CYP2D6 i&fn DA NOBIDRKEEIT>T=, £
primer i@t 24T O IZHT2 0 | B FAHTIC R 5240 = UELS A %8 T 5 7291, CYP2D6 #Eis
TR OS2 BLAST & CTHIRIRER 247\, CYP2D6 i 1-Als % & o 7= i fn 1 HiX] & R L
Teo FTo. AFRLTCBIFHI K 0 B FREELOBEBEEZIT O 7202, =7 A% T,
CYP2D6 i#frn - i Z R L7= & = A, CYP2D6 s DA RiZ 3 DOFAFELS] (a: 72 bp. P
184 bp, y: 2526 bp) A3F(E L7z (Figure 3),

aB v B aBaB v
—U 1 1 CYP2D6 gene

Figure 3 Scheme of repetitive sequences around CYP2D6 gene

Nested long PCR ¥ = / # A E°> 7 )X, first-round long PCR it &, 77 A ~—% /0 LIAMIC
A URFARMEZ ) E S TR 7% Nested Long PCR )i 7> S A% S 41 5 ., First-round PCR primer,
Nested PCR primer @ Primer 5% #1213 UCSC Genome Browser, primer 3 % V72, PCR siE, BE
OB CIIMER IR AR C ORI R CTE 72> 72729, Long PCR IZHESE S N D AT v 74
7 > PCR SSRMECORFT 21T > 72 (TOYOBO Technical Review),

Primer %13 CYP2D6 B {nFRLFIfEHT 21TV . CYP2D6 BAnF DMV A NIZ/FIET D 3 DD
[RIBC A % [E58E U Cakat &2 3l #x 7=, first-round Long PCR @ primer [XFFERMEE BT D 72012, T
D& 5 EEAFED primer (2 HZH 3 IIC 5 ~10bp 212 7= 33 , & 512 Nested Long PCR primer
I first-round PCR primer & ¥ Z#UE 41 500 bp, 500 bp, 150 bp NIIZEXFF L 7= (Table 9),

Table 9 Primers used in the current investigation

Primer name Sequence

i CYP2D6 1 5'-GCCGACTGAGCCCTGGGAGGTAGGTAGCCCTG-3'

i CYP2D6 2 5'-GTTATCCCAGAAGGCTTTGCAGGCTTCAGGAGC-3'

il CYP2D6 3 5'-GCATGAGCTAAGGCACCCAGACTATATTTTGTC-3'

v CYP2D6 4 5'-ACCGGGCACCTGTACTCCTCAGCCCTTG-3'

Y CYP2D6_5 5'-TGGCTAGGGAGCAGGCTGGGGACTAGGTAC-3'

vi CYP2D6 6 5'-CTTCCAGAACACACCATACTGCTTCGACCAGGTGAG-3'
vil CYP2D6_7 5'-GACTGAGGCCTGGCGACAATTCAAGTGTGGTG-3'
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< first-round long PCR >

HLBRMER AR D 2 mm B A & [H 2 PCR SUGNRIZHRIN L C CYP2D6*5 O first-round long PCR
15 T1T > 72, PCR ZE{# [T Veriti® Thermal Cycler (Applied Biosystems #1:5) % H L 7=, first-round
PCR FUGIEAAL I, 2 xPCR Buffer for KOD FX Neo (KFX-201, H7ERG#EHL) 12.5 uL. 2 mM dNTPs
3.25 pL (KFX-201, HPEH5#RHL), 15 pmol each of CYP2D6 3 and CYP2D6 4 primers, 30 pmol each of
CYP2D6 1 and CYP2D6_2 primers, KOD FX Neo DNA polymerase (1 U/uL, KFX-201, ByEH 1L 0.5
ul, JREARBK S UL 2%, OGS eEREE 25 uL & Uiz, s e SOG S X R A HE LS
DAT w7 H 7 Long PCR YA 7 VG- LT,

< Nested long PCR % Jit>>

Nested long PCR SR I, first-round PCR SGR % 10 AR L7=% > 7L 1 ul, 2 xPCR
Buffer for KOD FX Neo 12.5 pL, 2 mM dNTPs 3.25 uL, 15 pmol each of CYP2D6 3 and CYP2D6_7
primers, 30 pmol each of CYP2D6 5 and CYP2D6 6 primers, KOD FX Neo DNA polymerase 0.5 pL.
PRE7REEK 3.25 uL 2N %, SO E% 25 uL & U7z, RS, first-round Long PCR St &
[RER S C1T - 72, Nested Long PCR 12 L Y #5 54172 PCR FEM) % 1.0% 7 /T 1 — A7 )L CESXIKE
LCHIE&AT -7,

Nested long PCR IZ L VGO NTZPEMZ 1% T 770 — A7 )V CERIKEIZ1T > 12§t $ % Figure 4
{27k L72, DNA OHEIEIXMER Y > 7LD DNA &0 > 7 VERELH IZ4&AF L, first-round long PCR
BT e BEED DR CTE P, B RO HBI NN EE 2D T b o7 (Figure 4A), —
75 C Nested long PCR % Z1ZIE L TOH > 7 /LT DNA OHEIE % 58 C & 7= (Figure 4B), B4R R
EHEAGIKRTHMET S 41kb O RRBIIL, ~T AR TIZ41kb & 3.1 kb D 2 KOHEE
WA T & | AR EHEGIRIL 3.1 kb OHIEEY O H 1B S vz, Rl 5.1 kb, 4.1 kb I
CYP2D6 &fxf D, SMAlD 3.2kb, 3.1kb ITEFOXRBEZMINT D, £z, W< ONOHRIK
WZBWTHBOEED LN D E OPEE S TND LB X LNARERZFF7-73, Nested long
PCR %17 9 BRI first-round long PCR FEM) DU EZ O T2 & T, HIDO /N ROMHREED |k
M7=, CYP2D6*5 [TBIRT-EDHDDXRKEEATEY, BIETEE 5.1 kb OHIEIZ e %
T L0 BICHER FIENLEEND,
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(A) first-round long PCR

: CYP2DG gene :
: | 5.1kb | !
| > - |
| 1 ii |
| 32kb!
‘_,- """""""""" CYP2D6 gene (deleted) -
itl v
[Kb] nvp a b
+«—51kb
+—32kb
(B) Nested long PCR
ap v BaBaP v
—U ] { cYP2pD6 gene 1
|
: | 41kb | :
| = < |
: v Vl :
I 31kb |
lr. ................... CYP2D6 gene (deleted) — l
kb] M a b ¢ d
94—
6.6—
44— «—41kb
3 1kb

Figure 4 Scheme of long PCR analyses for CYP2D6*5.

(A) The first-round long PCR was formed by four primers, i -iv, as indicated in the upper panel. Dotted
line indicated deletion of CYP2D6*5. Samples were electrophoresed in 1 % agarose gels in 0.5 x
Tris-acetate-EDTA buffer. Two bands, 5.1 kb and 3.2 kb in the gel, were amplified as the result of the
first-round long PCR. (B) The nested long PCR was formed by four primers, iii, v -vii. There are intricate
repetitive sequences around CYP2D6 gene which indicated o, f and y. Two bands of 4.1 kb and 3.1 kb
products were amplified. The detection of CYP2D6*5 is, as follows, Lane a, b, d and f: *1/*1, Lane c: *5/*5,

Lane e and g: *1/*5, Lane h: negative control. M is the size standard marker of A-Hind III digest.
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%2 fi  CYP2D6*5 i 12 BUSE A AT

%2 TH 1 #iCTHA% L 7= Nested long PCR {5 % H\ Tl fn THEEEFRNT 21T o 7o, XMGUIARFFAE
L, EFHICEDUMAEITOVRENS SN 18 L& kTG & U CTAERBE (ER) Oz,
AT CYP2D6*5 s 2R Wi2 i L7, 7ok, AL b N7 DTt
ZEDOMBFRSHIEML L 7= i) | L P R E B S ICB W TURR I N TN D,

it BARNRZ T 1 7 18 4 DHLIEMERR R AR % I C CYP2D6*S ifn 1V = / X A B2 7 & 5
M L7ofE R, ~7 m AR 10 LM Sh, ZRAREESRIIME S NRNhoTo, ZThb D)
TERE AT D 162 44 ORI L13IT—F L7z (Table 10), F 7=, AMHTHERITH 1 75 2 i
THEE L 72 CYP2D6*10 (Z2OW T, WL DDV TV THT R TH Y Z D% 7 un
CYP2D6*5 % &, D R[REMENN B D L BE L7223, CYP2D6*10 fRHTIZ B\ THMT A ] T~ 7= v 7
Jo SRMTRERAS AT (F1/*1 - *10/%10) TH o727, CYP2D6 EinF2 2 AL LT 1A
KIBLTWDHEEMEN S D, 56 1 BE 2 HiTEL L7 CYP2D6*10 & —DH > 7 VLR Uo7
vz JAWTZ25, CYP2D6*10 & CYP2D6*5 Dt R JE X720 o 7o FRHTREEE DO RRGEFEBRIT,
KB L TWAEIERFINRIER IR WD, RIAFHIEEZ OS5 HBOMETH D,

Table 10 Genotype distribution of CYP2D6*5 in the 78 healthy Japanese volunteers (%)

Genotype This study Reference®”
*1/*1 87.2 87.7
*1/*5 12.8 12.3
*S5/%5 0 0

Allele frequency This study Reference®”
*1 93.6 93.8
*5 6.4 6.2

«

R FE

FRIRBLS CIIIHMRECA S IR b L 2 R MR IR (MEfE 72 &) 1M ArRB 7o iRk - f5i 5 - Z2fi ©
BHEMED S OEIGF 2B AT DB L TEL Z EIEFICENTH D, KIERICERR L
T IR AR AR T, IR CIHERICLERT-DBEFEEICCHEHEL AR THY . £, ERTEY
RELAMRETH D, & 1 BT, HIRMERRIAEZ AW f#i{f72 4 A L2 |~ TagMan PCR %0 BA%S
ZATUV T OffHT FIEZ2 FIV T HAR AN 1,017 4 O KSR B s 1 CYP1A2, CYP2C9, CYP2C19,
CYP2D6, CYP3A5S DR E = L— g U2 Lc, T HDRERIZ, BHAAN 1,000 4 8L Eo
EMIZ31F 5 CYP1A2, CYP2C9. CYP2C19, CYP2D6, CYP3AS EinFIlZ oW T Ex— g
M % Kl L - BRI OMETH D, ETKETEKISHIN TS T —7 7 U v OB EEER
HARTIZOWTHIITATRE Ch o7z, 2D LMD, AFFETHRE LML, A5 ICERIAT
REZR ML 2 F L 723G - 15 - Rl CIEEMEO R WEE FMITETH H 2 L B HERTE -,

52 BCITEIR T RIBZ1E 5 CYP2D6*5 L HUMRNT EBRIE DRESL A ATV, WeRMER AR IR &2 IV C
Nested long PCR {52 & 0 BB TRET S AIRECTH D Z L 2n T 2 LN T 72, FFIZ CYP2D6 LR
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THEAINTNDEZ L OFEFOMRHBIZEHD S 729, PM Z7~9 CYP2D6*5 [ IIEMIAEA1T H ET
HETHD, 5% I DRDIBEEFMITIEOKREZITV, L0 BE CEEMEO WA ORG %
ITHo TV TFETH S,

ARFFE T U7 3R RS E (5 CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP3A5 }; (¥
VKORC1 A& Z A BT 2 FrillE s AT IE 2 B RICH - 2121, FERIRT DR R~ DI AD
BRAIR T D, 51 F TR LI KR L MR A W23 > 77 ) o 7SRRI S B0 0 AT
RETH Y | FEAINGA I BN RE & R LB 53 GH R AT 5 2 & T, BommWEROFRE
MTELEHFIND, SBRINOLDT ) LMERE ED X DI TWL T, 7 L3EBFD
AREMED LD > TV EB X biILD, AFTHBEFEITENMERMLER O RIZ M T 7o K& 72—
LBz EEHHT S,

2 E BTN

1)  Whirl-Carrillo M, McDonagh EM, Hebert JM, Gong L, Sangkuhl K, Thorn CF, Altman RB and Klein
TE, Pharmacogenomics Knowledge for Personalized Medicine, Clin Pharmacol Ther, 92: 414-417
(2012).

2) Hayashida M, Iwao-Koizumi K, Murata S, Yokoyama A, Kinoshita K, Genotyping of Polymorphisms
in Alcohol and Aldehyde Dehydrogenase Genes by Direct Application of PCR-RFLP on Dried Blood
without DNA Extraction, Anal Sci, 26: 503-505 (2010).

3) Hayashida M, Iwao-Koizumi K, Murata S, Yokoyama A, Kinoshita K, Single-Tube Genotyping from a
Human Hair Root by Direct PCR, Anal Sci, 25: 1487-1489 (2009).

4) Borgiani P, Ciccacci C, Forte V, Sirianni E, Novelli L, Bramanti P and Novelli G, CYP4F2 genetic
variant (rs2108622) significantly contributes to warfarin dosing variability in the Italian population,
Pharmacogenomics, 10: 261-266 (2009).

5) B %, FEMIGHEER OB LB RIBEMIIRE, 167 & 44, 39: 368-375 (2001).

6) Nebert DW and Russell DW, Clinical importance of the cytochromes P450, Lancet, 360: 1155-1162
(2002).

7) Tomalik-Scharte D, Maiter D, Kirchheiner J, Ivison HE, Fuhr U and Arlt W, Impaired hepatic drug and
steroid metabolism in congenital adrenal hyperplasia due to P450 oxidoreductase deficiency, Eur J
Endocrinol, 163:919-924 (2010).

8) Zhou S-F, Yang L-P, Zhou Z-W, LiuY-H and Chan E, Insights into the Substrate Specificity,
Inhibitors, Regulation, and Polymorphisms and the Clinical Impact of Human Cytochrome P450 1A2,
The AAPS Journal, 11: 481-494 (2009).

9) Backman JT, Karjalainen MJ, Neuvonen M, Laitila J and Neuvonen PJ, Rofecoxib is a potent inhibitor
of cytochrome P450 1A2: studies with tizanidine and caffeine in healthy subjects, Br J Clin
Pharmacol, 62: 345-357 (2006).

10) Yin T, Maekawa K, Kamide K, Saito Y, Hanada H, Miyashita K, Kokubo Y, Akaiwa Y, Otsubo R,
Nagatsuka K, Otsuki T, Horio T, Takiuchi S, Kawano Y, Minematsu K, Naritomi H, Tomoike H,

14



Sawada J and Miyata T, Genetic Variations of CYP2C9 in 724 Japanese Individuals and Their Impact
on the Antihypertensive Effects of Losartan, Hypertens Res, 31: 1549-1577 (2008).

11) Lee CR, Goldstein JA and Pieper JA, Cytochrome P450 2C9 polymorphisms: a comprehensive review
of the in-vitro and human data, Pharmacogenetics, 12: 251-263 (2002).

12) Furuta T, Shirai N, Sugimoto M, Nakamura A, Hishida A and Ishizaki T, Infuluece of CYP2C19
Pharmacogenetic Polymorphism on Proton Pump Inhibitor-based Therapies, Drug Metab
Pharmacokinet, 20: 153-167 (2005).

13) Thorn CF, Whirl-Carrillo M, Leeder JS, Klein TE, and Altman RB, PharmGKB summary: phenytoin
pathway, Pharmacogenet Genomics, 22: 466-470 (2012).

14) Kiyotani K, Mushiroda T, Imamura CK, Tanigawara Y, Hosono N, Kubo M, Sasa M, Nakamura Y and
Zembutsu H, Dose-adjustment study of tamoxifen based on CYP2D6 genotypes in Japanese breast
cancer patients, Breast Cancer Res Treat, 131: 137-145 (2012).

15) Crews KR, Gaedigk A, Dunnenberger HM, Klein TE, Shen DD, Callaghan JT, Kharasch ED and Skaar
TC, Clinical Pharmacogenetics Implementation Consortium (CPIC) Guidelines for Codeine Therapy
in the Context of Cytochrome P450 2D6 (CYP2D6) Genotype, Clin Pharmacol Ther, 91: 321-326
(2012).

16) Katsakiori PF, Papapetrou EP, Goumenos DS, Nikiforidis GC and Flordellis CS, Tacrolimus and
3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors: An interaction study in CYP3AS5
non-expressors, renal transplant recipients, Indian J Pharmacol, 43: 385-388 (2011).

17) Miao J, Jin Y, Marunde RL, Kim S, Quinney S, Radovich M, Li L and Hall SD, Association of
Genotypes of the CYP3A Cluster with Midazolam Disposition In Vivo, Pharmacogenomics J, 9:
319-326 (2009).

18) Katja Grasma“der, Petra Louise Verwohlt, Kai-Uwe Ku"hn, Aleksandra Dragicevic, Olrik von
Widdern, Astrid Zobel, Christoph Hiemke, Marcella Rietschel, Wolfgang Maier, Ulrich Jachde,
Marie Luise Rao. Population pharmacokinetic analysis of mirtazapine. Eur J Clin Pharmacol, 60:
173-480 (2004).

19) Wolf CR, Smith G, Smith RL, Science, medicine, and the future Pharmacogenetics, BMJ, 320: 987-990
(2000).

20) Scordo MG, Caputi AP, D’Arrigo C, Fava G and Spina E, Allele and genotype frequencies of CYP2C9,
CYP2C19 and CYP2D6 in an Italian population, Pharmacol Res, 50:195-200 (2004).

21) Myrand SP, Sekiguchi K, Man MZ, Lin X, Tzeng R-Y, Teng C-H, Hee B, Garrett M, Kikkawa H, Lon
C-Y, Eddy SM, Dostalik J, Mount J, Azuma J, Fujio Y, Jang I-J, Shin S-G, Bleavins MR, Williams JA,
Paulauskis JD and Wilner KD, Pharmacokinetics/Genotype Associations for Major Cytochrome P450
Enzymes in Native and First- and Third-generation Japanese Populations: Comparison With Korean,
Chinese, and Caucasian Populations, Clini Pharmacol Ther, 84: 347-361 (2008).

22) Ota T, Hayashida M, Ishii M, Iwao-Koizumi K, Murata S, Kinoshita K, Long PCR-based genotyping
for deleted CYP2D6 gene without DNA extraction, Drug Metabo Pharmacokine, 29: 283-285 (2014).

23) Makeeva O, Stepanov V, Puzyrev V, Goldstein DB and Grossman I, Global pharmacogenetics: genetic

15



substructure of Eurasian populations and its effect on variants of drug-metabolizing enzymes,
Pharmacogenomics, 9: 847-868 (2008).

24) The International Warfarin Pharmacogenetics Consortium. The International Warfarin Pharmacogenetics
Consortium. N Engl J Med, 360: 753-764 (2009).

25) Yoshizawa M, Hayashi H, Tashiro Y, Sakawa S, Moriwaki H, Akimoto T, Doi O, Kimura M,
Kawarasaki Y, Inoue K and Itoh K, Effect of VKORC1 —1639 G>A polymorphism, body weight, age,
and serum albumin alterations on warfarin response in Japanese patients, Thromb Res, 124: 161-166
(2009).

26) Ohno M, Yamamoto A, Ono A, Miura G, Funamoto M, Takemoto Y, Otsu K, Kouno Y, Tanabe T,
Masunaga Y, Nonen S, Fujio Y, Azuma J, Influence of clinical and genetic factors on warfarin dose
requirements among Japanese patients, Eur J Clin Pharmacol, 65: 1097-1103 (2009).

27) Ota T, Hayashida M, Iwao-Koizumi K, Murata S, Kinoshita K, High Performance and Straightforward
Genotyping of the Cytochrome P450 2C9 (CYP2C9) and Vitamin K Epoxide Reductase Complex
Subunit 1 (VKORC1) Polymorphisms, Jpn J Pharm Health Care Sci, 40, 402-408 (2014).

28) Kubota T, Chiba K, Iga T, Frequency Distribution of CYP2C19, CYP2D6, and CYP2C9 Mutate-alleles
in Several Different Populations, Xenobio Metabol and Dispos, 16: 69-74 (2001).

29) Kubota T, Yamaura Y, Ohkawa N, Hara H and Chiba K, Frequencies of CYP2D6 mutant alleles in a
normal Japanese population and metabolic activity of dextromethorphan O-demethylation in different
CYP2D6 genotypes, Br J Clin Pharmacol, 50: 31-34 (2000).

30) Steen VM, Andreassen OA, Daly AK, Tefre T, Berresen AL, Idle JR and Gulbrandsen AK, Detection of
the poor metabolizer-associated CYP2D6(D) gene deletion allele by long-PCR technology,
Pharmacogenetics, 5: 215-223 (1995).

31) Hersberger M, Jacqueline M-J, Rentsch K and Hénseler E, Rapid detection of the
CYP2D6*3, CYP2D6*4, and CYP2D6*6 alleles by tetra-primer PCR and of the CYP2D6*5 allele by
multiplex long PCR, Clin Chem, 46: 1072-1077 (2000).

32) Dorado P, Caceres CM, Pozo-Guisado E, Wong M-L, Licinio J and LLerena A, Development of a
PCR-based strategy for CYP2D6 genotyping including gene multiplication of worldwide potential use.
Bio Techniques, 39: 571-574 (2005).

16



