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Evaluation of the Verigene Warfarin Metabolism Nucleic Acid Test Kit for the Rapid
Detection of CYP2C9 and VKORCT Polymorphisms
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Background: Warfarin is a widely used oral agent for anticoagulation therapy. Warfarin has a narrow therapeutic index and a wide variation in
the interindividual therapeutic dosage. Recently, genotypes of CYP2C9 and VKORCI have been found to account for 30-40% of the warfarin dosing
variability, and a variety of commercial genotyping assays are being introduced. In this study, we evaluated the Verigene Warfarin Metabolism Nu-
cleic Acid test (Verigene Warfarin assay; Nanosphere, USA) for its accuracy and clinical utility in genotyping CYP2C9*2, CYP2C9*3, and VKORC1

1173C>T.

Methods: We compared the Verigene Warfarin assay with direct sequencing for accuracy in determining the genotypes of CYP2C9*2, CYP2C9*3,
and VKORCI 1173C>T using 50 patient samples and 3 commercial DNA samples with known genotypes. The method was also evaluated for turn-

around time, hands-on time, and feasibility.

Results: The Verigene Warfarin assay demonstrated 100% accuracy for identifying CYP2C9*2, CYP2C9*3, and VKORCI1 1173C>T. The turn-
around time and hands-on time were 3 hr and 2 min, respectively. The no-call error rate at first attempt was estimated to be 2%.

Conclusions: The Verigene Warfarin assay provides rapid and accurate genotype results. Considering there are only a few steps requiring man-
ual intervention, it would be feasible to implement this assay even in clinical laboratories that lack considerable expertise in molecular diagnostics.
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2. Verigene Warfarin assayS 0|28t SX& ZAL

Verigene Warfarin assayS 0]-&5}0] A ZALe] z]2]of u}2} of
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A, Big Dye terminator v3.1 cycle sequencing kit (Applied Biosys-
tems, Foster City, CA, USA) & ABI PRISM 3100 Genetic Analyzer
(Applied Biosystems)& AF8-5Fo] Alg¥sloict G4 =L
CYP2C9%} VKORCTS] il AE=R 212 NM_000771.31 NM_
02400645 AF8-3}3L Sequencher software version 4.9 (Gene
Codes, Ann Arbor, MI, USA)S- 0]-8-5}o] 24519tk

2 I

Verigene Warfarin assay2 &%t CYP2C9*29} CYP2C9*3 71
221 VKORCT G-AAF] 8-43 1173C>T 54 A3tE - 9714
GEAHI} v 0 EE At 100% PAE-S HTH(Table 2).

53] cyp2co?2 o|@AT W R4 AA 12l5L VKORCT
1173CC A2 7= Coriell repository | 4] -9F2ES- 37[9] DNA
A 9] Verigene assay A A7 AEEA] Ao} wF A
3}o] Verigene Warfarin assay® H&7Hseh & 44 e &
A% 2ol tisf gl AHA7IM R4} 100% Ae=
BATKFig, 1).

Verigene Warfarin assayE 0|83t CYP2C9*2, CYP2C9*3,

Table 1. PCR primer sequences for CYP2C9*2, CYP2C9*3, and VKORC1
(1173C>T)

Exon no. Primers (5CYP2C9*) Tm(°C) Product size (op)
CYP2C9*2  F. CCTGGGATCTCCCTCCTAGT 58 227
R:TCCAGTAAGGTCAGTGATATGGA
CYP2C9*3 F: TGATTCATATACCCCTGAATTGC 55 318
R: TITGGGGACTTCGAAAACAT
VKORC1 F: AAGATGAAAAGCAGGGCCTAC 56 195

R: CCGAGAAAGGTGATTTCCAA

Abbreviations: Tm, melting temperature; bp, base pair.
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Table 2. Comparison of results of Verigene Warfarin Metabolism Nu-

cleic Acid Test and direct sequencing for CYP2C9*2, CYP2C9*3, and
VKORC1

Sequencing
CYP2C9*2
Wild type Heterozygous  Mutant
Verigene warfarin Wild type 46
metabolism nucleic  Heterozygous 1
acid test Mutant 1
Sequencing
CYP2C9*3
Wild type Heterozygous  Mutant
Verigene warfarin Wild type 46
metabolism nucleic Heterozygous 5
acid test
Mutant 0
Sequencin
VKORC1 = a g
Wild type Heterozygous Mutant
Verigene warfarin Wild type 2
metabolism nucleic  Heterozygous 12
acid test Mutant 19

ol ivnantin

()

(5] [C]

Fig. 1. Sequencing chromatograms for the respective genotypes of (A) CYP2C9*2 (wild type homozygous, mutant heterozygous, mutant homozy-
gous), (B) CYP2C9*3 (wild type homozygous, mutant heterozygous), and (C) VKORCT (wild type homozygous, mutant heterozygous, mutant homo-

zygous).
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2 Verigene Warfarin assay«= HE0| SHAL:Z £3a 404wt
- B A7IME &A0] 8E|A] orof z2to] ZhHske] HARA
T L7 7hsAdo] WAl E3E RA1E Aol Hast Azt
&= AA| A
utix| 2o A g W 2= & A4 Fa/do] tiF
E[HA8] CYP2COTE VKORCT 5713 H412 913t of 2] A0l
WEEAL gl o5 5 FDAZF 515 AH|ofl= 2 ¢itollA] 3
7}k Verigene Warfarin assay ©]2]of| %= INFINITI (AutoGenomics,
Carlsbad, CA, USA), eSensor XT-8 platform (Osmetech, Pasadena,
CA, USA), ParagonDx Rapid Genotyping Assay (ParagonDx, Mor-
risville, NC, USA) 5-0] QItH11]. CYP2C93} VKORCT S-A13 HA
£ 9jg chara Al Se] 4ol BelA B AT5o] ool
11, 13-15] 21 3, Verigene Warfarin assay7 | 3Z3He] HAPH 71 H]
1L ol 9JslH[11], eSensor (Osmetech), Invader assay (Third
Wave Technologies, Madison, WI, USA) ¥ Luminex XTAG (Lu-
minex Melecular Diatnostics, Austin, Tx, USA) A3} 100% LA
22 H9 1::] DNA 74;4]‘?- o].@:g].o:] AAS 285t AL 74;1] 1
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Art= A A7 A A 21kt 100% PA1E-S Hol= A=}
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o} X 5ol ofubel X7 &5F §lo]9] oF 30-40%7} CYP2C9nt
VKORCI 73] 7191sh= Alo.= dejglon, thofel 4&ste
A% AP S0l FAIEAL Ik ofefl & tollM= cYP2co2,
CYP2C9*3, T18]31 VKORCT 1173C>T 94T HE5F= Veri-
gene Warfarin Metabolism Nucleic Acid test (Verigene Warfarin as-
say, Nanosphere, USA) FHAPH 2] JeHdu /4] fr-8/d2 Bt
oirt

HEEH: Verigene Warfarin assay®] CYP2C9%2, CYP2C9*3, T18]il
VKORC1 1173C>T 448 Arte] Hhe B71E 93] s0%e) 3
A A2} 3719] FAES AL e AESHE DNA FAIE o8
3lo] R A A7 NGB AT v n F71eh E3) turn-around
time, hands-on time 1231 ZA}S] QAN Q-G Alof diajA = F
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A1} Verigene Warfarin assayS 0|83+ CYP2C9*2, CYP2C9*3,
2 YKORCT 1173C>T S AR AN A7 DR AW} v
3Fo] 100%2] A5 Btk HAMY turn-around timeX} hands-
on time Z}2} 3AIRKL 2201301, ARFHAF Al A| no-call
error®] YAYE2 2%% )

HE: Verigene Warfarin assay= CYP2C9%*2, CYP2C9*3 4
VKORCT 11I73C>T #2330 djsl] A&l gotet 748 23E
Algtet T3 22k WAZE A Q] glomE BEapitel o] W

A GRS AFAAPIOIAE 47 BAE ST 2 Gl HAPol
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