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Association of NQO1 Polymorphism with Multiple Myeloma Risk in Koreans

Seong-Ho Kang, M.D.!; Tae Young Kim?, Ho Young Kim?, Yun Kyung Lee?, Hee Won Moon, M.D.!, Dong Soon Lee, M.D."?,
and Han Ik Cho, M.D.!

Department of Laboratory Medicine' and Cancer Research Institue?, Seoul National University College of Medicine, Seoul, Korea

Background : NAD(P)H:quinone oxidoreductase 1 (NQO1) is an important enzyme in the metabolism
of xenobiotics. NQO1 ®C —T (NQO1%2) has been reported to be associated with reduced enzyme
activity, benzene-induced hematotoxicity, and acute leukemia. Incidences of multiple myeloma show
interethnic variation and exposure to asbestos, petroleum products, and diesel exhaust is a risk
factor for multiple myeloma. We studied the associations of NQO1 polymorphism with multiple myelo-
ma risk, stage, and prognostic factors (hemoglobin, calcium, g-microglobulin, M-protein and crea-
tinine).

Methods : The frequency of NQO1 polymorphism was investigated in 117 myeloma patients and
166 controls. NQO1 genetic polymorphism was determined by TagMan allelic discrimination assay.
Prognostic factors were obtained from the patients’ medical records.

Results : The frequencies of the NQO1#1/+1, *1/%2, and *2/+2 genotypes were 31.6%, 63.2%,
and 5.1% in the patients, whereas the respective figures in the controls were 31.9%, 48.3%, and
19,9%. The frequency of NQO1+2/%2 was significantly lower in patients than in controls and the odds
ratio (OR) was 0.24 (95% confidence interval: 0.01-0.68) to NQO1*1/+1 genotype, indicating a dec-
reased risk for multiple myeloma. There were no significant differences in tumor stages and other
prognostic factors among NQO1 genotypes.

Conclusions : A risk for multiple myeloma decreased in NQO1#2/%2 genotype in Koreans. We
report, for the first time, that NQO1 polymorphism is associated with multiple myeloma risk. (Korean

J Lab Med 2006; 26: 71-6)
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Th 35%e WALORE ME, Mf FAE AAMIs
243 WA edo] deA U Fehels T4 A7 W71k

o J].
NAD(P)H:quinone oxidoreductase 1 (NQO1)-& DT-dia-
phoraseZ &8¢ NADH 5 NADPH o9& F Ax} ‘ﬂ_"?’—lx'ﬂ

2 AA o]BF tiAfe] FL8 &dolth NQOIE o8 F
quinoned| Al - 9] AAE st 77 s hydroqul—
none FEAE AL FYH hydroquinone?] 31314 EA 4]
el NQO19] 7)55e] gepaA FA4o] Fhasta wiAEr] 49
A7E A, Ak E21e whate] €4 ARE YHEAL DNA
o] ¥stFA el Aqpr|E 4], dHE NQO1E WAl tf
=91 1,4-benzoquinones hydroquinone® 3-35le] F4eoll 4]
S THAaAINI7E A9 1,6-dinitropyrenes EA3l5te] &
Hol& a7 |% Se5].
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%“é% 22T NQO1#2 §747} t
—63 A 3led NQO1=2/+2 43l A= NQO1
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A= 19973 7EHH 2004 49704 Aguista ol vl
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1) DNA &

A7) EEo|ER B 9F =
2o 228 QlAamp DNA Mini Kit (QIAGEN
Inc., Valencia, CA, USA) HPHd| W} genomic DNAE F&
o=

SR T wEP

2) TagMan CHEIREAL AlY 2M(TagMan allelic discrimi-
nation assay)

B 7o AME Taq polymerase?] 5—3  exonuclease 715&
0]-&3 TagMan assay[12]E F48S F+E3Th
4 34 FAE AL UHA E71A4
de =zl VICH FAMO| reporter dye2A] 5 ool ¥
o] 97 3" THe TAMRA7Z} quencher® ZEA|E o] 9J=d],
052 Za LA -2 (polymerase chain reaction, PCR)©]

AP = Eo 59 reporter’} quencherZ5E ojgsle] 4L
UERA =13 NQO1#13 NQOLx2E 5ol o® #A&T & 9=
2 79 probeo|th, TagMan assay®] ©]&38+ probe®} primer
9] oligonucleotide 71 ¥ Table 19l AAIEFATE

v E3E2 A4 Hy 50 yLE e, 2X TagMan
PCR Master Mix 25 wuL, Z} primer 900 nM, Z} probe 100
nM, DNA template 10 ng¢] EFFEZ 3} 384-well plate
£ 0]83} GeneAmp PCR System 9700 (Applied Biosys-
tems, Foster City, CA, USA)oA PCRE A5 th Ther-
27L& 50C oA 28, 95CollA 108 2A F 95C
stk vk & dAskE 3

Table 1. Sequence of the oligonucleotides for primers and probes

TagMan probes &

mal cycling
15%, 60C 185 403] A=

Oligonucleotide Sequence (5/ to 3/)

TGCATTTCTGTGGCTTCCAA
CTGGAGTGTGCCCAATGCTA
VIC-TCTTAGAACCTCAACTGACA*-TARMA
FAM-TCTTAGAATCTCAACTGACA*-TARMA

Forward primer
Reverse primer
NQO1_C probe
NQO1_T probe

*Nucloetides in bold and underlined characters are NAD(P)H:quinone
oxidoreductase 1 polymorphic sites.
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Fig. 1. Detection of NAD(P)H:quinone oxidoreductase 1 (NQO1)
polymorphism using TagMan allelic discrimination. NQO1 geno-
types were selected based on the ratio of the FAM and VIC inten-
sity. A, NQO1#1/#1; B, NQO1#1/2; C, NQO1#2/%2; D, no template
control.

I Ao AL ABI PRISM Sequence Detection System
7900HT (Applied Biosystems)E ©]43}3 1.
tor Software Version 2.0 (Applied Biosystems)Z ©]&3}o
NQO1¢] FHFE& A a5k Fig. 1).

, Sequence Detec-

3) W71 H JIEH 0% 2R} A
H7e @A) oRT)E, WAk 24, dAEAE bt

E}
(¢}
OS2 Salmone] 9]t NwE WH[13]& AMHEate] A3l
of S0} OfUr**Ol °‘Eﬂx BHE%EHL @_% Zg, 94 po-mic-
roglobulin, 83

ri,

4) EAHE 2

A 2ol A NQOL 48 WIE9] ztel7h deA &
o} ®7] 9J&f FtolAlgAAS A8 Th Unconditional logistic
regressiong AHE-3l] odds ratio (OR) %} 95% A2 47-S -3}
Atk FATAA FHFPER W7, o]]‘:’lilﬂ 83 24 8%
B2-microglobulin, &3 M-protein, 3 F#o}eldo] 23 x}
o7} QIEA] got Br| Sl3) FtelAlF A8 2 EAHEA (ANOVA)
S AFgegint A 2138 SPSS 110 for windows (SPSS
Inc., Chicago, IL, USA)E AHE3IAL o4 P<0.05E 38}
Ak
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Table 2. Distribution of subjects by NQO1 genotype and odds
ratios for multiple myeloma

NQO1 genotype

Total P
#1/%1 *1/%2 #D[%2
Case (%) 37(31.6) 74(63.2) 6(5.1) 117
Control (%) 53(31.9) 80(48.2) 33(19.9) 166 0.001
OR (95% ClI) 1.0 1.33 0.26
(0.78-2.24)  (0.01-0.68)

*Statistical significance were tested by % 2 method.
Abbreviations: NQO1, NAD(P)H:quinone oxidoreductase 1; OR, odds
ratio; Cl, confidence interval.

Table 3. Comparison of prognostic factors by NQO1 genotype

NQO1 genotype

P*

/%1 *71/%2 *2[%2
Hemoglobin (g/dL) 10.0£1.9 10.0+24 88+14 NS
Calcium ( gmol/L) 2.3+0.3 22+0.3 25+04 NS
Be-microglobulin (mg/L) 7.1£9.7 6.6+10.0 55+31 NS
M-protein (g/dL) 3.1£19 39+20 33+£32 NS

Creatinine (umollL) 147.7+277.6 166.2£199.8 147.6£149.4 NS

*Statistical significances were tested by one way analysis of variances
among groups.
Abbreviations: NS, not significant; See Table 2.

2 1

1. 8X1230 tH=Z0AM NQO1 RMA} LM 2M

11793} 23 1669 oA TagMan HP-5HAF 2d Bao
2 NQO1 +48E& At

bl A w151 AL 37H(31.6%), #1/%2 FAFE 74
(632%), *2/%2 FHFL 69(5.1%) 0l vzl Ae 2t
7} 53%(31.9%), 807 (482%), 33%(19.9%) 2.2 Fx}o| A
x2/%2 A st FosA Wk «1/52 f4Y West &
9J8lA ZSeH Table 2).

#2/%2 AFA] =1/+1 FA3e] ths) ORe] 026 (95% Al
7 001-0.68) 2 523l (P=0006) #2/+2 S-AZ0] x1/+1 &
Aol wa) thibd Z5 WA 913lo] f2)a WktH Table 2).

2. NQO1 RMA} Cr&M 1} o F2IX} A2ty 24

protein, 8% ol ANE 2L F AW B 47}
1149, 108, 100
AFRRARE o $3I8 Aol

(ANOVA)L & SRFEN dx Z¢
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83 M-protein, @4 A#olEldS FA3 H=E vws] EyS
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& NQOI gJafA] detad Aol AAIHL, s Yo7]& ©f
ZAx78 o}dl(heterocyclic amine)-& NQO19ol| o &Al3sle
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