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Abstract: Aims: To investigate the association of four single nucleotide polymorphisms (SNPs) within NAT2 gene and
additional gene-gene interaction with ALL risk in Chinese children. Methods: Generalized multifactor dimensional-
ity reduction (GMDR) was used to screen the best interaction combination among 4 SNPs; Logistic regression was
performed to investigate association between 4 SNPs within NAT2 gene and ALL risk and additional gene-gene
interaction between rs1799931 and rs1801280. Results: The carriers of homozygous mutant or heterozygous of
rs1801280, rs1799930 and rs1799931 were all associated with increased ALL risk than those with wild-type ho-
mozygotes, OR (95% Cl) were 1.41 (1.12-1.89), 1.54 (1.20-1.95) and 1.76 (1.26-2.32), respectively. GMDR analysis
indicated a significant interaction between rs1799931 and rs1801280 on ALL risk. Participants with rs1799931-
GA/AA and rs1801280-TC/CC genotype have the highest ALL risk, compared to participants with rs1799931-GG and
rs1801280-TT genotype, OR (95% Cl) = 3.02 (1.86-4.26). Haplotype containing the rs1799931-A and rs1799931-A
allele was associated with increased ALL risk. Conclusions: We found that rs1801280, rs1799930 and rs1799931
within NAT2 gene, interaction between rs1799931 and rs1801280 and haplotype containing the rs1799931-A and

rs1799931-A allele were all associated with increased ALL risk.
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Introduction

Acute lymphoblastic leukemia (ALL) was one
type of leukemia and could account for nearly
25-30% of all cases in all childhood malignan-
cies [1, 2]. However, almost 20% of the children
with ALL either relapse or do not respond to
treatment [3]. So ALL was a main cause for
mortality among children under age 19 years
old [4]. Although the clinical, pathological and
immunophenotypic features of this disease
have been well descripted previously [5], the
genetic related mechanism of pediatric ALL
were still not well known. Study suggested that
genetic factors may play an important role in
ALL susceptibility [6]. It is generally considered
that the ALL susceptibility is influenced by both
environmental and genetic risk factors as well
as their synergistic effect with each other [7].

N-acetyltransferase 2 (NAT2), which is a carcin-
ogen-metabolizing gene, play an important role
in the detoxification of aromatic and heterocy-
clic amines and their metabolites in substanc-
es [8]. Since the substitution of amino acid resi-
dues caused by a single nucleotide change may
have a potential effect on biological activity of
the gene product [9, 10], and the polymor-
phisms within the NAT2 gene may modify the
some types of cancer risk. Although the NAT2
gene was not the most common variation in
several ethnic groups, such as Asians [11], sev-
eral studies were conducted to investigate the
association between NAT2 gene polymor-
phisms and some types of cancer, including
breast cancer [12], bladder cancer [13], pan-
creatic cancer [14] and lung cancer [15].
However, till now, less study focused on the
relationship of NAT2 gene with ALL risk, particu-
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Table 1. Description and primers used for genotyping for 4 SNPs

ID SNP Chromosome Functional Nucle;ot@e Probe sequences
Consequence  substitution
rs1801280 T341C 8:18400344 Missense T>C GTTCACCTTCTCCTGCAGGTGACCA [C/T]
TGACGGCAGGAATTACATTGTCGAT
rs1799930 G590A 8:18400593 Missense G>A ATATACTTATTTACGCTTGAACCTC [A/G]
AACAATTGAAGATTTTGAGTCTATG
rs1799931 G857A  8:18400860 Missense G>A AATCTCGTGCCCAAACCTGGTGATG [A/G]
ATCCCTTACTATTTAGAATAAGGAA
rs1208 A803G  8:18400806 Missense A>G GAGGAAGAGGTTGAAGAAGTGCTGA [A/G]
AAATATATTTAAGATTTCCTTGGGG

Table 2. General characteristics of 673 study participants in cases

and controls

patients. Healthy controls
were randomly selected

Variables

ALL Case group  Control group [,

from volunteers, who rece-
ived physical examination

(n=223) (n=450) . .
Age (vear) 9.445.6 9.245.3 0.651 in the same ;‘C;Sp'ta' ﬁ”g
Males, N (%) 95 (42.6) 203 (45.1)  0.537 approximate 1:2 matche
to ALL cases on the basis
Total leukocyte count (*10%/L) 18.3+6.1 86455  <0.001

Hemoglobin concentration (g/dL) 8.5/2.5-13.3 13.5/12.2-14.5

Platelet count (*10°/L) 54.6/7.5-641 271.3/151-430
FAB, N (%)

L1 41 (18.4)

L2 158 (70.9)

L3 24 (10.8)
Immunophenotype (n/%)

B-ALL 196 (87.9)

T-ALL 27 (12.1)

of age (+2 years) and sex.
Questionnaire investigati-
on was conducted for all
participants, and data on
demographic information,
clinical and biochemical
index for all participants
were obtained. Blood sam-
ples were collected from
each participant. Informed

FAB, French-American-British classification; ALL, acute lymphoblastic leukemia.

larly in Chinese Children. So in current study,
we aimed to investigate the association of four
single nucleotide polymorphisms (SNPs) within
NAT2 gene and additional gene-gene interac-
tion with ALL risk in Chinese Children.

Materials and methods
Subjects

All participants were consecutively recruited
between July 2011 and March 2015 from the
Second Hospital of Shanxi Medical University.
All diagnoses were made in accordance with
morphological, cytogenetic/genetic, and immu-
nophenotypic (flow cytometry and immuno-
chemistry) criteria of 2001 WHO classification.
The case group included 223 children with
newly diagnosed ALL (95 males and 128
females) with age ranging from 3 to 16 years
(mean + standard deviation (SD) = 9.445.6
years), including 196 B-ALL and 27 T-ALL
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consent was obtained
from all participants. The
protocol of this study was
approved by the Ethics Committee of Shanxi
Medical University.

Genomic DNA extraction and genotyping

Genomic DNA from participants was extracted
from EDTA-treated whole blood, using the DNA
Blood Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions
and stored at 20°C until use. Genomic DNA
from participants was extracted from EDTA-
treated whole blood, using the DNA Blood Mini
Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Four SNPs were
detected by Tagman fluorescence probe.
Description and probe sequences of these
SNPs were shown in Table 1. ABI Prism7000
software and allelic discrimination procedure
was used for genotyping of fore-mentioned 4
SNPs. A 25 ul reaction mixture including 1.25 pl
SNP Genotyping Assays (20x), 12.5 pl
Genotyping Master Mix (2x), 20 ng DNA, and
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Table 3. Genotype and allele frequencies and analysis on association between 4 SNPs and ALL risk

SNP Genotypes Frequencies N (%) OR (95% Cl)* P-values in HWE
and Alleles Cases (n =223) Controls (n = 450) test for controls
rs1801280 (341T>C) 0.525
Additive
T 112 (50.2) 287 (63.8) 1.00
TC 89 (39.9) 142 (31.6) 1.39 (1.07-1.79)
cC 22 (9.9) 21 (4.7) 1.72 (1.20-2.28)
Dominant
1T 112 (50.2) 287 (63.8) 1.00
TC+CC 111 (49.8) 163 (36.2) 1.41 (1.12-1.89)
Allele, C (%) 133 (29.8) 184 (20.4)
rs1799930 (590G>A) 0.967
Additive
GG 115 (51.6) 297 (66.0) 1.00
GA 91 (40.8) 137 (30.4) 1.47 (1.13-1.86)
AA 17 (7.6) 16 (3.6) 1.74 (1.32-2.21)
Dominant
GG 115 (51.6) 297 (66.0) 1.00
GA+AA 108 (48.4) 153 (34.0) 1.54 (1.20-1.95)
Allele, A (%) 125 (28.0) 169 (18.8)
rs1799931 (857G>A) 0.870
Additive
GG 104 (46.6) 283 (62.9) 1.00
GA 93 (41.7) 147 (32.7) 1.70 (1.23-2.25)
AA 26 (11.7) 20 (4.4) 1.94 (1.32-2.61)
Dominant
GG 104 (46.6) 283 (62.9) 1.00
GA+AA 119 (53.4) 167 (37.1) 1.76 (1.26-2.32)
Allele, A (%) 145 (32.5) 187 (20.8)
rs1208 (803A>G) 0.647
Additive
AA 126 (56.5) 267 (59.3) 1.00
AG 80 (35.9) 157 (34.9) 1.30 (0.83-1.82)
GG 17 (7.6) 26 (5.8) 1.44 (0.72-2.16)
Dominant
AA 126 (56.5) 267 (59.3) 1.00
AG+GG 97 (43.5) 183 (40.7) 1.34 (0.80-1.89)
Allele, G (%) 114 (25.6) 209 (23.2)
*Adjusted for gender and age.
the conditions were as follows: initial denatur- Statistical analysis

ation for 10 min and 95°C, denaturation for 15
s and 92°C, annealing and extension for 90 s
and 60°C, 50 cycles. Genotyping results were
confirmed by randomly assaying 10% of the
original specimens for replication to exclude
genotyping errors. There were no discrepancies
between genotypes determined in duplicate.
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Statistical analyses were performed with the
STATA version 12.0 (StataCorp, USA). The
means and SDs were calculated for normally
distributed continuous variables and compared
using Student’s t test. Percentages were calcu-
lated for categorical variables and compared
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Table 4. GMDR analysis on the best gene-gene interaction combinations

Locus no. Best combination Cross-validation consistency Testing accuracy p-values*®
2 rs1799931 rs1801280 10/10 0.6072 0.0010
3 rs1799931 rs1801280 rs1799930 7/10 0.5399 0.1719
4 rs1799931 rs1801280 rs1799930 rs1208 6/10 0.4958 0.3770

*Adjusted for gender and age.

1.00 14 1.32

genotypes and alleles for the
studied 4 SNPs and analysis
on association between SNPs
and ALL risk. All genotypes
were distributed according to
the Hardy-Weinberg equilibri-
um. Logistic analysis showed
that rs1801280, rs1799930
and rs1799931 within NAT2
gene were both associated
with increased ALL risk after

3.02

! Genotype

1:rs1799931-GG+rs1801280-TT;

Figure 1. Logistic regression for interaction between rs1799931 and

rs1801280.

using x? test. Hardy-Weinberg equilibrium for
genotype frequencies and genotype and
Pairwise LD analysis were tested using SNP-
stats (http://bioinfo.iconcologia.net/SNPstats).
Generalized multifactor dimensionality reduc-
tion (GMDR) was used to screen the best inter-
action combination among 4 SNPs; some
parameters were calculated, such as cross-
validation consistency, the testing balanced
accuracy, and the sign test. Logistic regression
was performed to investigate association
between 4 SNPs within NAT2 gene and ALL risk
and additional gene-gene interaction between
rs1799931 and rs1801280. All reported p-val-
ues were two-tailed, and those less than 0.05
were considered statistically significant.

Results

Table 2 shows the general demographic char-
acteristics and blood biochemical index in
cases and controls. A total of 673 participants
(290 males, 343 females) were selected,
including 223 ALL patients and 450 controls.
The patients included 196 B-ALL and 27 T-ALL
patients. The mean age of all participants was
9.3+5.1 years. The rate of males and the mean
of age are not significantly different in cases
and controls. Table 3 shows the frequencies of
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2: rs1799931-GA/AA+rs1801280-TT;
3:151799931-GG+rs1801280-TC/CC;  4:rs1799931--GA/AA+rs1801280-TC/CC

adjustment for gender and
4 age in additive and dominant
models. The carriers of homo-
zygous mutant or heterozy-
gous of rs1801280, rs1799-
930 and rs1799931 were all
associated with increased ALL
risk than those with wild-type
homozygotes, OR (95% CI) were 1.41 (1.12-
1.89), 1.54 (1.20-1.95) and 1.76 (1.26-2.32),
respectively. We did not find any relation of
rs1208 with ALL risk in both models.

GMDR model was used to screen the best
interaction combination among 4 SNPs within
NAT2 gene. Table 4 summarizes the results
obtained from GMDR analysis and indicated a
significant two-locus model (P = 0.0107) involv-
ing rs1799931 and rs1801280, indicating a
potential interaction between rs1799931 and
rs1801280 on ALL risk, the cross-validation
consistency of the two-locus models was
10/10, and the testing accuracy was 60.72%.
In order to investigate the interaction effect
between the two SNPs, we conducted an inter-
action analysis by using logistic regression
(Figure 1), to obtain the odds ratios and 95% Cl
for the joint effects. We found that participants
with rs1799931-GA/AA and rs1801280-TC/CC
genotype have the highest ALL risk, compared
to participants with rs1799931-GG and
rs1801280-TT genotype, OR (95% Cl) = 3.02
(1.86-4.26).

Pairwise LD analysis among the 4 SNPs was
performed, and just D’ value between
rs1799931 and rs1799931 was 0.834, which
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Table 5. Haplotype analysis on association between NAT2 gene and ALL risk studied populations

Frequencies

Haplotypes rs1799931 rs1799930 Case Control

group  group

were all of Western

OR (95% Cl) p-values”* origin. All other eth-
nic groups were de-

H1 G G 0.4505 0.4764
H2 A G 0.2788 0.2869
H3 G A 0.1958 0.1999
H4 A A 0.0749 0.0368

1.00 N liberately excluded.
The inconsistent re-
sults were also ob-
tained by Krajinovic

1.31(0.95-1.72) 0.106
1.42(0.91-1.95) 0.221
1.76 (1.18-2.36) <0.001

*Adjusted for gender and age.

was more than 0.80. So we conducted haplo-
type analysis for the two SNPs, we found that
the most common haplotype was rs1799931-G
and rs1799931-G haplotype, the frequency of
which was 0.4505 and 0.4764 in case group
and control group, and a haplotype containing
the rs1799931-A and rs1799931-A allele was
associated with increased ALL risk, after
adjustment for gender and age. (Table 5).

Discussion

In this study, we found that rs1801280,
rs1799930 and rs1799931 within NAT2 gene
were associated with increased ALL risk in
Chinese children, but we did not find any rela-
tion of rs1208 with ALL risk in both models.
Although our study is not the first case-control
study to investigate the association between
the human NAT2 gene and ALL risk, previously
several studies were conducted to investigate
this relationship, however, considering the lim-
ited number on this topic in Chinese children
and inconsistent results from previous studies,
perhaps substantially different results, we
think the results obtained from this study is
necessary and meaningful for understanding
the mechanism of ALL, particularly for suscepti-
bility lead by NAT2 gene polymorphisms.
Silveira et al [16] found no significant differenc-
es between the case and control groups ana-
lyzed regarding NAT2 variant polymorphisms.
Gra et al [17] indicated that the frequency of
NAT2 genotype major alleles were associated
with 1.8-folds increased acute leukemia risk in
children as compared to healthy controls, it
means that minor alleles of these SNPs were
associated with decreased ALL risk. Studies
also reported that there was no impact of NAT2
acetylator genotypes on the ALL risk both in
children [18] and in adults [19]. Also, none of
the published GWAS have documented NAT2
as a risk factor in ALL susceptibility [20], yet the
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et al [21], and they
suggested that chil-
dren carrying NAT2
slow-acetylation genotypes were at increased
risk of developing ALL. Recently, Kamel et al
[22] indicated that NAT2 gene polymorphisms
were generally associated with the increased
risk of ALL in children. Another study for chil-
dren in Brazil suggested that NAT2 SNP 341T>C
frequency was higher among both leukemia
subtypes compared to controls, and demon-
strate that NAT2 slow-acetylation phenotypes
are associated with higher susceptibility to
childhood acute leukemia, with discrimination
between ALL and AML.

Previous studies have demonstrated that the
interaction between genetic background, life
style, and these environmental factors plays a
critical role in development of ALL in children
[23]. In this study, we found a significant gene-
gene interaction between rs1799931 and
rs1801280 on ALL risk; participants with
rs1799931-GA/AA and rs1801280-TC/CC gen-
otype have the highest ALL risk. Previous stud-
ies [17, 22] have documented the impact of
gene-gene interaction between NAT2 gene and
other genes, but to date, less study focused on
the impact of gene-gene interaction among
NAT2 gene on ALL risk in Chinese children. The
results of this study suggest that the risk of ALL
may be modified by the two genetic variants
and they influenced with each other in suscep-
tibility to ALL risk. The implication of LD in asso-
ciation studies is that knowledge of variation at
a certain position also gives knowledge of vari-
ation at linked loci. In this study we also con-
ducted the haplotype analysis for the two SNPs,
we found a haplotype containing the rs1799-
931-A and rs1799931-A allele was associated
with increased ALL risk, after adjustment for
gender and age.

Our study has several limitations. Firstly, the

sample in present study was relatively small;
the results obtained from this study should be

Int J Clin Exp Pathol 2017;10(6):7052-7058
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checked by future studies with large sample
size. Secondly, some environmental risk factors
should be included in the gene-environment
interaction analysis. Thirdly, more SNPs within
NAT2 gene should been included in the study,
not only for these 4 SNPs.

In conclusion, we found that rs1801280,
rs1799930 and rs1799931 within NAT2 gene
were both associated with increased ALL risk in
Chinese children. We also found that gene-
gene interaction between rs1799931 and
rs1801280 and haplotype containing the
rs1799931-A and rs1799931-A allele were also
associated with increased ALL risk.

Acknowledgements

The present study was supported by the
Science and technology project of Shanxi prov-
ince (no. 20120313020-6). The writing of this
paper was supported by the Second Hospital of
Shanxi Medical University and Shanxi University
Hospital. We thank all the partners and staffs
who help us in the process of this study.

Disclosure of conflict of interest
None.

Address correspondence to: Yanping Ma, Depart-
ment of Hematology, The Second Hospital of Shanxi
Medical University, 382 Wuyi Road, Taiyuan 030001,
Shanxi Province, China. Tel: +86-351-2302796;
E-mail: mayanppdf36@163.com

References

[1]  Pui CH. Acute lymphoblastic leukemia in chil-
dren. Curr Opin Oncol 2000; 12: 3-12.

[2] Siegel R, Naishadham D, Jemal A. Cancer sta-
tistics, 2013. CA Cancer J Clin 2013; 63: 11-
30.

[3] Karathanasis NV, Stiakaki E, Goulielmos GN,
Kalmanti M. The role of the methylenetetrahy-
drofolate reductase 677 and 1298 polymor-
phisms in Cretan children with acute lympho-
blastic leukemia. Genet Test Mol Biomarkers
2011; 15: 5-10.

[4]  Group, C.S.U.W.: United States Cancer Stati-
stics: 1999-2010 Incidence and Mortality
Web-based Report. Centers for Disease Control
and Prevention, and National Cancer Institute
2013; Available at: http://www.cdc.gov/uscs.

[5] Inaba H, Greaves M, Mullighan CG. Acute lym-
phoblastic leukaemia. Lancet 2013; 381:
1943-55.

7057

(6]

(7]

(8]

(10]

(11]

[12]

(14]

(15]

(16]

(17]

Yan J, Yin M, Dreyer ZE, Scheurer ME, Kamdar
K, Wei Q, Okcu MF. A meta-analysis of MTHFR
C677T and A1298C polymorphisms and risk of
acute lymphoblastic leukemia in children.
Pediatr Blood Cancer 2012; 58: 513-518.
Robien K, Ulrich CM. 5.10-Methylenetetrahydro-
folate reductase polymorphisms and leukemia
risk: @ HUGE minireview. Am J Epidemiol 2003;
157: 571-582.

Yamada S, Tang M, Richardson K, Halaschek-
Wiener J, Chan M, Cook VJ, Fitzgerald JM,
Elwood RK, Brooks-Wilson A, Marra F. Genetic
variations of NAT2 and CYP2E1 and isoniazid
hepatotoxicity in a diverse population. Phar-
macogenomics 2009; 10: 1433-1445.

Hein DW, Doll MA, Fretland AJ, Leff MA, Webb
SJ, Xiao GH, Devanaboyina US, Nangju NA,
Feng Y. Molecular genetics and epidemiology
of the NAT1 and NAT2 acetylation polymor-
phisms. Cancer Epidemiol Biomarkers Prev
2000; 9: 29-42.

Hein DW, Rustan TD, Ferguson RJ, Doll MA,
Gray K. Metabolic activation of aromatic and
heterocyclic N-hydroxyarylamines by wild-type
and mutant recombinant human NAT1 and
NAT2 acetyltransferases. Arch Toxicol 1994;
68: 129-33.

Grant DM, Hughes NC, Janezic SA, Goodfellow
GH, Chen HJ, Gaedigk A, Yu VL, Grewal R.
Human acetyltransferase  polymorphisms.
Mutat Res 1997; 376: 61-70.

Kasajova P, Holubekova V, Mendelova A,
Lasabova Z, Zubor P, Kudela E, Biskupska-
Bodova K, Danko J. Active cigarette smoking
and the risk of breast cancer at the level of
N-acetyltransferase 2 (NAT2) gene polymor-
phisms. Tumour Biol 2016; 37: 7929-37.

Wu H, Wang X, Zhang L, Mo N, Lv Z. Association
between N-acetyltransferase 2 polymorphism
and bladder cancer risk: results from studies
of the past decade and a meta-analysis. Clin
Genitourin Cancer 2016; 14: 122-9.

Liang JX, Gao W, Liang Y, Zhou XM. Association
between N-acetyltransferase 2 polymorphisms
and pancreatic cancer risk: a meta-analysis.
Genet Mol Res 2015; 14: 17219-27.

Liu C, Cui W, Cong L, Wang L, Ruan X, Jia J, Liu
Y, Jia X, Zhang X. Association between NAT2
polymorphisms and lung cancer susceptibility.
Medicine (Baltimore) 2015; 94: €1947.
Silveira VS, Canalle R, Scrideli CA, Queiroz RG,
Lopes LF, Tone LG. CYP3A5 and NAT2 gene
polymorphisms: role in childhood acute lym-
phoblastic leukemia risk and treatment out-
come. Mol Cell Biochem 2012; 364: 217-23.
Krajinovic M, Richer C, Sinnett H, Labuda D,
Sinnett D. Genetic polymorphisms of N-Acetyl-
transferases 1 and 2 and gene-gene interac-
tion in the susceptibility to childhood acute

Int J Clin Exp Pathol 2017;10(6):7052-7058


mailto:mayanppdf36@163.com

(18]

[19]

[20]

N-Acetyltransferase 2 and acute lymphoblastic leukemia

lymphoblastic leukemia. Cancer Epidemiol
Biomarkers Prev 2000; 9: 557-62.

Ouerhani S, Nefzi MA, Menif S, Safra |, Douzi K,
Fouzai C, Ben Ghorbel G, Ben Bahria |, Ben
Ammar Elgaaied A, Abbes S. Influence of ge-
netic polymorphisms of xenobiotic metaboliz-
ing enzymes on the risk of developing leuke-
mia in a Tunisian population. Bull Cancer
2011; 98: 95-106.

Rollinson S, Roddam P, Willett E, Roman E,
Cartwright R, Jack A, Morgan GJ. NAT2 acetyl-
ator genotypes confer no effect on the risk of
developing adult acute leukemia: a case-con-
trol study. Cancer Epidemiol Biomarkers Prev
2001; 10: 567-8.

Migliorini G, Fiege B, Hosking FJ, Ma Y, Kumar
R, Sherborne AL, da Silva Filho MI, Vijayakri-
shnan J, Koehler R, Thomsen H, Irving JA, Allan
JM, Lightfoot T, Roman E, Kinsey SE, Sheridan
E, Thompson P, Hoffmann P, Nothen MM,
Muhleisen TW, Eisele L, Zimmermann M,
Bartram CR, Schrappe M, Greaves M, Stanulla
M, Hemminki K, Houlston RS. Variation at
10p12.2 and 10p14 influences risk of child-
hood B-cell acute lymphoblastic leukemia and
phenotype. Blood 2013; 122: 3298-307.

7058

(21]

[22]

(23]

Gra OA, Glotov AS, HKozhekbaeva Zhm,
Makarova OV, Nasedkina TV. Genetic polymor-
phism of GST, NAT2, and MTRR and suscepti-
bility to childhood acute leukemia. Mol Biol
(Mosk) 2008; 42: 214-25.

Kamel AM, Ebid GT, Moussa HS. N-Acetyltrans-
ferase 2 (NAT2) polymorphism as a risk modi-
fier of susceptibility to pediatric acute lympho-
blastic leukemia. Tumour Biol 2015; 36: 6341-
8.

Gemmati D, Ongaro A, Scapoli GL, Della Porta
M, Tognazzo S, Serino ML, Di Bona E,
Rodeghiero F, Gilli G, Reverberi R, Caruso A,
Pasello M, Pellati A, De Mattei M. Common
gene polymorphism in the metabolic folate
and methylation pathway and the risk of acute
lymphoblastic leukemia and non-Hodgkin’s
lymphoma in adults. Cancer Epidemiol
Biomarkers Prev 2004; 13: 787-94.

Int J Clin Exp Pathol 2017;10(6):7052-7058



