
ABSTRACT

Objectives: NAD (P) H:Quinone Oxidoreductase
(NQO1) protects cells against oxidative stress and toxic
quinines which protects cells against mutagenicity of free
radicals and toxic oxygen metabolites. In fact, low level
of NQO1 activity is often associated with increased risk
of developing different types of tumors and with toxic
effects linked to environmental quinines. Acute lympho-
blastic leukemia (ALL) is the most common pediatric
cancer. C to T base substitution at nucleotides 609 and
465 of NQO1 cDNA, results in loss of enzyme activity.
Low NQO1 activity may play a role in etiology of ALL.
In the present study, we investigated the association
between the NQO1 polymorphisms and increased risk of
ALL in children.

Methods: C609T and C465T polymorphisms of NQO1
were explored using polymerase chain reaction and re-
striction fragment length polymorphism (PCR-RFLP)
assay in 100 pediatric ALL patients and 135 healthy
controls.

Results: Although C609T polymorphism is very com-
mon among the general population, we found no associa-
tion between this variant and increased risk for pediatric
ALL [odds ratio (OR) = 0.95; 95% confidence interval
(95% CI) = 0.55–1.64]. Interestingly the other polymorphic
allele of NQO1 (C465T) was strongly associated with
pediatric ALL (OR = 7.83; 95% CI = 3.27-18.75).

Conclusion: These findings do not support the pre-
disposing role of NQO1 C609T polymorphism for pediatric
ALL. However, The C465T polymorphism was associated
with increased risk of pediatric ALL. Further studies with
larger sample including evaluating multiple gene-gene
interactions seem necessary to validate the exact role of
these mutations.

Key Words: Acute lymphoblastic leukemia – polymorphism
– NQO1 – RFLP.

INTRODUCTION

As a heterogeneous disease that disrupts
normal hematopoiesis in acute or chronic form,
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leukemia accounts for one-third of all cancer
cases among patients under the age of 15 years
and constitutes the most common type of pedi-
atric cancer [1]. Among patients younger than
15 years of age with childhood leukemia, acute
lymphoblastic leukemia (ALL) comprises 80%
of cases; acute myeloid leukemia (AML) and
chronic myeloid leukemia (CML) account for
18% and 2% of cases, respectively. Chronic
lymphocytic leukemia (CLL) rarely occurs in
children [2]. Various studies [3-5] have demon-
strated polymorphisms that contribute to detox-
ification of carcinogens are related to the devel-
opment of various types of cancer. NAD (P) H:
Quinone Oxidoreductase 1 (NQO1), (OMIM:
125860), protects cells against oxidative stress
and toxic quinines [6]. Moreover, it has been
shown [7,8] that this protein interacts with and
stabilizes the tumor suppressor protein p53.
Asher et al., [8] suggested that exposure to
carcinogenic substrates of NQO1 could lead to
increased genotoxic damage at lower p53 levels
in individuals with lower NQO1 activity (com-
pared with individuals with normal NQO1 ac-
tivity). NQO1 is expressed in most tissues,
including bone marrow, in which expression is
thought to be highly inducible and up-regulated
during the oxidative process [9]. The NQO1 can
contribute to the formation of reactive oxidation
species via oxidative cycling; therefore, it can
act as a pro-oxidant [10]. A number of single
nucleotide polymorphisms (SNPs) have been
identified in NQO1 but only 2 of them, namely,
NQO1*2 and NQO1*3, have been implicated
as signifying risk of a variety of cancers [11].
The NQO1*2 polymorphism (C609T) causes a
change in the amino-acid sequence (Pro187Ser)
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and a low activity variant enzyme [12]. The
prevalence of the NQO1 C609T polymorphism
is 4.4% in non-Hispanic whites, 5.2% in African
Americans, 12.2% in ethnic Japanese, 15.5%
in ethnic Mexican-Hispanics, 17.9% in Native
Americans, 18.8% in ethnic Koreans, and 22.4%
in ethnic Chinese [9,13,14]. Another polymorphic
variant of NQO1, namely, NQO1*3 (ie, C465T
that results in Arg139Trp), causes alternative
messenger RNA splice sites that can lead to
deletion of exon 4 and the creation of a protein
that lacks the quinone binding site [15,16]. Het-
erozygotes for the variant alleles of NQO1 (ie,
the C/T genotypes of NQO1 C609T and C465T)
display intermediate enzymatic activity, whereas
homozygotic alleles (ie, T/T genotypes) display
essentially no NQO1 activity [17]. The frequency
of the NQO1 C465T polymorphism is generally
low and ranges from 0% to 5% among different
ethnic populations [18]. Several reports [19-21]
about the role of NQO1 in childhood ALL were
summarized in a recent meta-analysis [22]. De-
spite the results of these studies, it has been
shown [23,24] that NQO1 C609T is associated
with an elevated risk of nonhematologic malig-
nancies such as urologic and basal cell carcino-
mas. Association of the NQO1 C465T polymor-
phism, the other variant form of NQO1, with
ALL has been reported in 2 studies [20,25].
Herein, we assessed common polymorphisms
of NQO1 (C609T and C465T) in relation to
pediatric ALL in a case control study. The basic
questions in our study were whether these poly-
morphisms play an important role in suscepti-
bility to ALL and if these SNPs in our population
have a high degree of heterozygosity.

MATERIAL AND METHODS

Patient and Control Samples We performed
a case-control study with 100 patients with ALL
[male/female: 0.72, mean age 6.5 (±5.0) years]
and 135 healthy age- and sex-matched individ-
uals without leukemia as the control group
[male/female: 0.84, mean age 6.0 (±6.0) years].
Patient samples were diagnosed as ALL through
morphological and immunophenotypic assess-
ments and were randomly collected at the time
of diagnosis from October, 2010 through No-
vember, 2013, at Dammam University of Med-
ical Sciences in Saudi Arabia. Immunopheno-
typic subtypes of patients with ALL according
to French-American-British (FAB) classification
were as follows: 41 patients with pre-B ALL;

37 patients with early pre-B ALL; 15 patients
with T ALL, and 7 patients with pro-B ALL.
The Medical Ethics Committee of the Dammam
University of Medical Sciences (DUMS) ap-
proved the study; written informed consent was
obtained from all patients and healthy control
individuals who participated in this study.

Genotyping analysis:

Blood and bone marrow samples were col-
lected into tubes containing ethylenediamine-
tetraacetic acid (EDTA); subsequently, mono-
nuclear cells were purified by Ficoll-Hypaque
(Pharmacia LKB Biotechnology AB, Uppsala,
Sweden) centrifugation, then their DNA was
extracted through the standard method [26].
Genotyping was performed by polymerase chain
reaction-restriction fragment length polymor-
phism (PCR-RFLP), as described by Eguchi-
Ishimae et al., [25] Twenty nmol of each primer
for NQO1-C609T, forward primer: 5'-CCTCTC
TGTGCTTTCTGTATCC-3' and reverse primer:
5'-GATGGACTTGCCCAAGTGATG-3'; for
NQO1-C465T, forward primer: 5'-CTAGCTTT
ACTCGGACCCACTC-3' and reverse primer:
5'-GCAACAAGAGGGAAGCTCCATC-3' were
mixed with 60ng of DNA, 50mM KCl, 10mM
tris (hydroxymethyl) aminomethane-hydrogen
chloride (Tris-HCl) (pH, 8.3), 2.5 pmol of each
deoxynucleoside triphosphate (dNTP), and 1.25
units of Taq polymerase (GeNet Bio, Nonsan,
South Korea) in a total volume of 25µL. These
samples were subjected to PCR using a TC-512
Techne Thermal Cycler (Bibby Scientific Lim-
ited, Staffordshire, England) with initial dena-
turation at 95ºC for 5 minutes, followed by 35
cycles (94ºC for 1 minute, 60ºC for 45 seconds,
and 72ºC for 1 minute), and finally, an extension
phase at 72°C for 10 minutes. In the next step,
digestion of the PCR products for the NQO1
C609T polymorphism using HinfI (Thermo
Fisher Scientific Inc, Waltham, MA) produced
2 bands for homozygous wildtypes (CC; 85 and
214 bp), 4 bands for heterozygotes (CT; 63, 85,
151, and 214 bp), and 3 bands for homozygous
mutants (TT; 63, 85, and 151 bp). The PCR
products were also digested by HpaII (Thermo
Fisher Scientific Inc) to be assessed for NQO1
C465T polymorphism, which generated 2 bands
for homozygous wild types (CC; 111and 353
bp), 3 bands for heterozygotes (CT; 111, 353,
and 464 bp), and 1 band for homozygous mu-
tants (TT; 464 bp).

The Predisposing Role of NAD (P) H:Quinine Oxidoreductase



Hisham Abdelaziz & Ahlam Alqatary 47

Statistical analysis:

Statistical analysis for a different genotype
distribution in case individuals versus controls
was performed via the C2-test. The same
analysis was also used to calculate the signif-
icance of differences in allele frequencies be-

tween the control and patient groups. Odds
ratios (ORs) with 95% confidence intervals
(CIs) were estimated by logistic regression.
All statistical analyses were performed with
SPSS software, version 16.0 (SPSS, Inc, Chi-
cago, IL).

Table (1): Distribution of the NQO1 C609T & NQO1C 465T Genotypes Among ALL Patients and Controls

NQO1 C609T

Allele-wise comparison (%)

NQO1 C465T

Allele-wise comparison (%)

CC
CT
TT

CT/TT

C
T

CC
CT
TT

CT/TT

C
T

Variants

67 (67.0%)
29 (29.0%)
4 (4.0%)
33 (33.0%)

81 (81.0%)
19 (19.0%)

70 (70.0%)
23 (23.0%)
7 (7.0%)
30 ( 30.0%)

81 (81.0%)
19 (19.0%)

Patients

89 (65.92%)
38 (28.14%)
8 (5.92 %)
46 (34.07%)

108 (80.00%)
27 (20.00%)

128 (94.82%)
5 (3.70%)
2 (1.48%)
7 (5.18%)

130 (96.30%)
5 (3.70%)

Controls

1.00*
1.01
0.66
0.95

1.00
0.93

1.00*
8.41
6.40
7.83

1.00
6.09

OR

–
(0.56-1.8)

(0.19-2.29)
(0.55-1.64)

–
(0.48-1.82)

–
(3.06-23.09)
(1.29-31.64)
(3.27-18.75)

–
(2.19-16.97)

CI (95%)

OR: Odds ratio.            CC: Wild type.            CI : Confidence interval.            CT: Heterozygous.            TT: Homozygous mutant.

Table (2): Combined Effects of NQO1 C609T and NQO1
C465T Genotypes on ALL Risk.

–

3.51-
44.16

0.33-
42.34

0.58-
2.14

1.52-
36.68

–

0.12-
3.21

0.11-
30.58

–

CI
(95%)

86 (63.70%)

3 (2.22%)

1 (0.74%)

35 (25.92%)

2 (1.5%)

1 (0.74%)

6 (4.44%)

1 (0.74%)

0 (0.0%)

Controls

CC609/
CC465

CC609/
CT465

CC609/
TT465

CT609/
CC465

CT609/
CT465

CT609/
TT465

TT609/
CC465

TT609/
CT465

TT609/
TT465

CombinationPatients

46 (46.0%)

20 (20.0%)

2 (2.0%)

21 (21.0%)

8 (8.0%)

0 (0.0%)

2 (2.0%)

1 (1.0%)

0 (0.0%)

OR

1.00*

12.46

3.73

1.12

7.47

0.00

0.62

1.87

0.00

CI (95%) = Confidence interval.           OR = Odds ratio.

RESULTS

All 235 DNA samples (from patients and
controls) were successfully genotyped using
the PCR-RFLP technique. NQO1 variants geno-
typing among 135 healthy controls indicated
mutant allele frequencies of 20.0% and 3.7%
for NQO1 C609T and C465T, respectively,
which are comparable with the percentage of
NQO1 variants in the control group of a previous
study by some of us27 about NQO1 polymor-
phisms in adult AML patients (21.25% and
2.5% for C609T and C465T variants, respec-
tively). The association between NQO1 variants
and ALL risk were assessed by logistic regres-
sion. The NQO1 C609T genotypes for the 135
controls were distributed as follows: 65.92%
wild type (CC), 28.14% heterozygous (CT) and
5.92% homozygous mutants (TT; the frequen-
cies for CC, CT, and TT genotypes among the
100 patients with ALL were 67.0%, 29.0% and
4.0%, respectively. Regarding NQO1 C465T,
genotype distribution among 135 controls was
as follows: 94.8% wild type (CC), 3.7% het-
erozygous (CT), and 1.5% homozygous mutants
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(TT), whereas CC, CT, and TT genotype fre-
quencies in the patient group were 70.0%, 23.0%
and 7.0%, respectively. The mutant allele fre-
quency between patients was 19.0% for NQO1
C609T and C465T (Table 1).

In addition to evaluation of independent
associations between NQO1 C609T and C465T
polymorphisms and ALL, we assessed the joint
effects of these 2 polymorphisms. Table (2)
shows that CC609/CT465 and CT609/CT465
genotypes have significant correlation with
pediatric ALL.

DISCUSSION

NQO1 may play a crucial role in protecting
cells against cancer. For instance, it seems to
not only stabilize the p53 protein 28 but also
to contribute to anticancer signaling pathways
that are activated by tumor necrosis factor and
other inflammatory stimuli [29]. In this study,
the distribution of alleles and genotype frequen-
cies of NQO1 variants were compared with
ALL and controls to find a possible association
between these variants and elevated risk of
developing ALL. We found no statistically sig-
nificant association between the NQO1 C609T
polymorphism and risk of childhood ALL
(CT/TT versus CC; OR, 0.95; 95% CI, 0.55-
1.64), whereas the mutant genotypes of NQO1
C465T showed a significant association with
risk of ALL (CT/TT versus CC; 7.83; 3.27-
18.75).

Chi-square analysis also showed a significant
difference in the allele frequencies between the
control and patient groups for the C465T poly-
morphism only (f2 =14.65, df = 1, p<0.001 for
the C465T variant; f2 = 0.036, df = 1, p=0.85
for the C609T variant).

Regarding NQO1 C609T, our results contrast
with those of previous studies [20,30,31] in other
populations. Our results indicate that the NQO1
C609T polymorphism is associated with the
elevated risk of childhood ALL.

Recently, a family-based study32 suggested
that the NQO1 C609T variant was associated
with the risk of developing childhood ALL;
another study [33] performed in 2004 in Turkey
did not support the role of the NQO1 C609T
polymorphism in the increased risk of pediatric
acute leukemia.

In Brazilian children, the NQO1 and my-
eloperoxidase (MPO) polymorphisms were
shown to have a protective function against
leukemogenesis [34].

A French-Canadian study [35] showed that
children carrying at least 1 mutant allele of the
NQO1 C609T polymorphism had an increased
risk of developing ALL, whereas individuals
with wild-type homozygotes seem to be protect-
ed against ALL.

Lack of agreement between these studies
might be due to differences in the duration of
the exposure to the NQO1 substrates and small
sample sizes, as well as the demographic strat-
ification that exists in these kinds of studies.

In a HUGE net literature review and meta-
analysis [36], it was shown that the NQO1 C609T
variant appeared to have no strong association
with childhood ALL or AML but may be asso-
ciated with mixed lineage leukemia–positive
childhood leukemia.

In our study, it is noteworthy that the NQO1
C609T variant did not show any effect on ALL
in univariant analysis; however, in multivariant
analysis, the heterozygous genotype (CT) of
NQO1 C609T in combination with the heterozy-
gous genotype (CT) of NQO1 C465T showed
an increased risk for ALL (OR, 7.47; 95% CI,
1.52-36.68), in which the main effect might
have been created by the CT465 allele. Also,
the CC609/CT465 combined genotype was sig-
nificantly associated with risk of ALL; again,
this supports the results of our univariant anal-
ysis.

The effect of these polymorphisms in NQO1
may be modified by polymorphisms in other
carcinogen metabolizing genes, such as glu-
tathione S-transferase (GST), cytochrome P450
2E1 (CYP2E1), and MPO. Therefore, it is im-
portant to study the effects of gene-gene and
gene-environment interactions in the develop-
ment of childhood ALL. In a study in Japan,13
variant alleles of NQO1 C465T also showed a
striking positive association with infant ALL,
especially in individuals with the chromosomal
translocation of t(4;11)(q21;q23).

Other studies support the concept that the
etiology of ALL in children is related to genetic
variability at more than one gene locus and may
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be related to the equilibrium between the met-
abolic activation and detoxification processes
[37]. Therefore, it is crucial to study other poly-
morphisms that could possibly affect the sus-
ceptibility to ALL, such as MPO and CYP1E2.

Nevertheless, to yield more findings about
the role of NQO1 polymorphisms in the etiology
of childhood leukemia, further research, partic-
ularly using a larger sample size and sound
design, seems to be necessary.

In summary, our study suggests that the
mutant allele of the NQO1 C609T polymor-
phism is not associated with increased risk of
pediatric ALL, whereas the NQO1 C465T vari-
ant showed a significant association with in-
creased risk of ALL in children. Previous find-
ings [36] have suggested that the etiology of
ALL cannot be explained by polymorphism at
a single locus, perhaps because of complexity
in the metabolism of diverse xenobiotic com-
pounds. Therefore, multiple gene-gene interac-
tions should be investigated to enable prediction
of the risk of ALL.

REFERENCES

1- M Krajinovic, H Sinnett, C Richer, D Labuda, D
Sinnett. Role of NQO1, MPOand CYP2E1 genetic
polymorphisms in the susceptibility to childhood acute
lymphoblastic leukaemia, Int J Cancer. 2002; 230-
236.

2- Pui C-H, Schrappe M, Ribeiro RC, Neimayer CM.
Childhood and adolescent lymphoid and myeloid
leukemia. ASH Education Book. 2004; 118-145.

3- Yamaguti G, Lourenço G, Silveira V, Tone LG, Lopes
LP, Lima CP. Increased risk for acute lymphoblastic
leukemia in children with cytochrome P450A1
(CYP1A1)- and NAD (P) H: Quinone Oxidoreductase
1 (NQO1)-inherited gene variants. Acta Haematol.
2010; 124 (3): 182-184.

4- Gallegos-Arreola M, Batista-González CM, Delgado-
Lamas JL, et al. Cytochrome P4501A1 polymorphism
is associated with susceptibility to acute lymphoblastic
leukemia in adult Mexican patients. Blood Cells Mol
Dis. 2004; 33 (3): 326-329.

5- Joseph T, Kusumakumary P, Chacko P, Abraham A,
Pillai MR. Genetic polymorphism of CYP1A1, CYP2
D6, GSTM1 and GSTT1 and susceptibility to acute
lymphoblastic leukaemia in Indian children. Pediatr
Blood Cancer. 2004; 43 (5): 560-567.

6- Ernster L. DT-diaphorase: Its structure, function,
regulation, and role in antioxidant defence and cancer
chemotherapy. In: Yagi K, ed. Pathophysiology of
Lipid Peroxides and Related Free Radicals. Basel,
Switzerland: S Karger AG. 1998; 149.

7- Anwar A, Dehn D, Siegel D, Sachs L, et al. Interaction
of human NAD (P) H: Quinone Oxidoreductase 1
(NQO1) with the tumor suppressor protein p53 in
cells and cell-free systems. J Biol Chem. 2003; 278
(12): 10368-10373.

8- Asher G, Lotem J, Kama R, Sachs L, Shaul Y. NQO1
stabilizes p53 through a distinct pathway. Proc Natl
Acad Sci USA. 2002; 99 (5): 3099-3104.

9- Ross D, Siegel D. NAD (P) H: Quinone Oxidoreduc-
tase 1 (NQO1, DT-diaphorase), functions and phar-
macogenetics. Methods Enzymol. 2004; 382: 115-
144.

10- Metodiewa D, Jaiswal AK, Cenas N, Dickancaité E,
Segura-Aguilar J. Quercetin may act as a cytotoxic
prooxidant after its metabolic activation to semiquino-
ne and quinoidal product. Free Radic Biol Med. 1999;
26 (1-2): 107-116.

11- Larson RA, Wang Y, Banerjee M, et al. Prevalence of
the inactivating 609C-T polymorphism in the NAD
(P) H: Quinine Oxidoreductase (NQO1) gene in pa-
tients with primary and therapy-related myeloid leu-
kemia. Blood. 1999; 94:803-807.

12- Traver RD, Horikoshi T, Danenberg KD, et al. NAD
(P) H: Quinine oxidoreductase gene expression in
human colon carcinoma cells: Characterization of a
mutation which modulates DT-diaphorase activity and
mitomicina sensitivity. Cancer Res. 1992; 52: 797-
802.

13- Kiyohara C, Yoshimasu K, Takayama K, Nakanishi
Y. NQO1, MPO, and the risk of lung cancer: A HuGE
Review. Genet Med. 2005; 7: 463-478.

14- Kelsey KT, Ross D, Traver RD, et al. Ethnic variation
in the prevalence of a common NAD (P) H quinone
oxidoreductase polymorphism and its implications
for anti-cancer chemotherapy. Br J Cancer. 1997; 76:
852-854.

15- Gasdaska PY, Fisher H, Powis G. An alternatively
spliced form of NQO1 (DT-diaphorase) messenger
RNA lacking the putative quinine substrate binding
site is present in human normal and tumor tissues.
Cancer Res. 1995; 55: 2542-2547.

16- Pan S-S, Han Y, Farabaugh P, Xia H. Implication of
alternative splicing for expression of a variant NAD
(P) H: Quinone oxidoreductase-1 with a single nucle-
otide polymorphism at 465C>T. Pharmacogenetics.
2002; 12: 479-488.

17- Malik E, Cohen SB, Dvorah C, Dann EJ, Rund D.
The frequencies of NAD (P) H quinone oxidoreductase
(NQO1) variant allele in Israeli ethnic groups and the
relationship of NQO1*2 to adult acute myeloid leu-
kemia in Israeli patients. Haematologica. 2006; 91:
956-959.

18- Greaves MF, Alexander FE. An infectious etiology
for common acute lymphoblastic leukemia in child-
hood? Leukemia. 1993; 7: 349-360.

19- Clavel J, Bellec S, Rebouissou S, et al. Childhood
leukaemia, polymorphisms of metabolism enzyme
genes, and interactions with maternal tobacco, coffee



50

and alcohol consumption during pregnancy. Eur J
Cancer Prev. 2005; 14: 531-540.

20- Wiemels JL, Pagnamenta A, Taylor GM, et al. A lack
of a functional NAD (P) H: Quinone oxidoreductase
allele is selectively associated with pediatric leukemias
that have MLL fusions. Cancer Res. 1999; 59: 4095-
4099.

21- Lanciotti M, Dufour C, Corral L, et al. Genetic poly-
morphism of NAD (P) H: Quinone oxidoreductase is
associated with an increased risk of infant acute
lymphoblastic leukemia without MLL gene rearrange-
ments. Leukemia. 2005; 19: 214-216.

22- Guha N, Chang JS, Chokkalingam A, et al. NQO1
polymorphisms and de novo childhood leukemia: A
HuGE review and meta-analysis. Am J Epidemiol.
2008; 168: 1221-1232.

23- Schulz WA, Krummeck A, Rösinger I, et al. Increased
frequency of a null-allele for NAD (P) H: Quinone
oxidoreductase in patients with urological malignan-
cies. Pharmacogenetics. 1997; 7: 235-239.

24- Clairmont A, Sies H, Ramachandran S, et al. Associ-
ation of NAD (P) H: Quinone Oxidoreductase (NQO1)
null with numbers of basal cell carcinomas: Use of a
multivariate model to rank the relative importance of
this polymorphism and those at other relevant loci.
Carcinogenesis. 1999; 20: 1235-1240.

25- Eguchi-Ishimae M, Eguchi M, Ishii E, et al. The
association of a distinctive allele of NAD (P) H:
Quinone oxidoreductase with pediatric acute lympho-
blastic leukemias with MLL fusion genes in Japan.
Haematologica. 2005; 90 (11): 1511-1515.

26- Sambrook J, Fritsch EF, Maniatis T. Molecular Cloning:
A Laboratory Manual. 2nd ed. Cold Spring Harbor,
NY: Cold Spring Harbor Laboratory Press. 1982.

27- Zaker F, Safaei A, Hashemi M, et al. The frequency
and association of C609T and C465T polymorphisms
of NAD (P) H: Quinine oxidoreductase gene with
adult acute myeloid leukemia. LabMedicine. 2011;
42 (11): 18-21.

28- Anwar A, Dehn D, Siegel D, et al. Interaction of
human NAD (P) H: Quinone oxidoreductase 1 (NQO1)
with the tumor suppressor protein p53 in cells and

cell-free systems. J Biol Chem. 2003; 278: 10368-
10373.

29- Kwang S, Gautam S, Abhinav J , et al. Genetic deletion
of NAD (P) H: Quinone oxidoreductase 1 abrogates
activation of nuclear factor-jB, IjBa kinase, c-Jun N-
terminal kinase, Akt, p38, and p44/42 mitogenactivated
protein kinases and potentiates apoptosis. J Biol Chem.
2006; 281: 19798-19808. QR code generated on ht-
tp://qrcode.littleidiot.be.

30- Smith MT, Wang Y, Skibola CF, et al. Low NAD (P)
H: Quinine oxidoreductase activity is associated with
increased risk of leukemia with MLL translocations
in infants and children. Blood. 2002; 100: 4590-4593.

31- Vijayakrishnan J, Houlston RS. Candidate gene asso-
ciation studies and risk of childhood acute lympho-
blastic leukemia: A systematic review and meta-
analysis. Haematologica. 95 (8): 1405-1414. 32. In-
fante-Rivard C, Vermunt JK, Weinberg CR. Excess
transmission of the NAD (P) H: Quinone oxidoreduc-
tase 1 (NQO1) C609T polymorphism in families of
children with acute lymphoblastic leukemia. Am J
Epidemiol. 2007; 165 (11): 1248-1254.

33- Sirma S, Agaoglu L, Yildiz I, et al. NAD (P) H:
Quinone oxidoreductase 1 null genotype is not asso-
ciated with pediatric de novo acute leukemia. Pediatr
Blood Cancer. 2004; 43 (5): 568-570.

34- Silveira Vda S, Canalle R, Scrideli CA, et al. Role of
the CYP2D6, EPHX1, MPO, and NQO1 genes in the
susceptibility to acute lymphoblastic leukemia in
Brazilian children. Environ Mol Mutagen. 2010; 51
(1): 48-56.

35- Krajinovic M , Sinnett H, Richer C, et al. Role of
NQO1, MPO and CYP2E1 genetic polymorphisms in
the susceptibility to childhood acute lymphoblastic
leukemia. Int J Cancer. 2002; 97 (2): 230-236.

36- Jeffrey N, Chang JS, Chokkalingam PA, et al. NQO1
Polymorphisms and De Novo Childhood Leukemia:
A HuGE Review and Meta-Analysis. Am J Epidemiol.
2008; 168: 1221-1232.

37- Tuimala J, Szekely G, Gundy S, et al. Genetic poly-
morphisms of DNA repair and xenobiotic-metabolizing
enzymes: Role in mutagen sensitivity. Carcinogenesis.
2003; 23: 1003-1008.

The Predisposing Role of NAD (P) H:Quinine Oxidoreductase


	B.3

