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Nasopharyngeal carcinoma (NPC) is rare in most parts of the
world but is more prevalent in Southern China, especially in
Guangdong. The cytochrome P450 2E1 (CYP2E1) has been rec-
ognized as one of the critically important enzymes involved in
oxidizing carcinogens and is probably to be associated with
NPC carcinogenesis. To systematically investigate the association
between genetic variants in CYP2E1 and NPC risk in Cantonese,
two independent studies, a family-based association study and
a case—control study, were conducted using the haplotype-tagging
single-nucleotide polymorphism approach. A total of 2499 indi-
viduals from 546 nuclear families were initially genotyped for the
family-based association study. Single-nucleotide polymorphisms
(SNPs) rs9418990, rs915908, rs8192780, rs1536826, rs3827688
and one haplotype h2 (CGTGTTAA) were revealed to be signifi-
cantly associated with the NPC phenotype (P = 0.045-0.003 and
P = 0.003, respectively). To follow up the initial study, a case—
control study including 755 cases and 755 controls was conducted.
Similar results were observed in the case-control study in indi-
viduals <46 years of age and had a history of cigarette smoking,
with odds ratios (ORs) of specific genotypes ranging from 1.88 to
2.99 corresponding to SNP rs9418990, rs3813865, rs915906,
rs2249695, rs8192780, rs1536826, rs3827688 and of haplotypes
h2 with OR =1.65 (P = 0.026), h5 (CCCGTTAA) with
OR = 2.58 (P = 0.007). The values of false-positive report prob-
ability were <0.015 for six SNPs, suggesting that the reported
associations are less probably to be false. This study provides
robust evidence for associations between genetic variants of
CYP2EI and NPC risk.

Introduction

Nasopharyngeal carcinoma (NPC) is rare in most parts of the world,
with an incidence rate of <1/100 000 person-years in most popula-
tions. However, NPC occurs much more frequently in southern
China and Southeast Asia, with incidence rates ranging from 15 to
50/100 000 (1). Numerous studies have shown that NPC is a multi-
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factorial disease and that risk factors include genetic components,
Epstein-Barr virus (EBV) infection, environmental factors and prob-
ably interactions among these factors (2—4). Among these factors,
EBV has been consistently identified as an important risk factor for
NPC, and a dose-response relationship between EBV antibody titers
and NPC risk has been previously demonstrated (5). Additionally,
epidemiological studies have suggested that other environmental fac-
tors are related to NPC susceptibility, including salted fish consump-
tion, cigarette smoking, alcohol consumption and occupational
exposure to wood and formaldehyde. Of these, salted fish consump-
tion and cigarette smoking are environmental risk factors for NPC that
are consistently reported in the literature (6-8).

In terms of genetic influences, the roles that multiple genetic factors
play in NPC carcinogenesis have been investigated over the last few
decades (9-12). Hildesheim et al. (13) reported associations between
human leukocyte antigen class I, II alleles and haplotypes and risk of
NPC. In a later study, Goldsmith ez al. (14) carried out a meta-analysis
of 13 human leukocyte antigen type association studies and reported
positive associations between human leukocyte antigen alleles A2,
Bl4 and B46 and NPC. Other studies have reported that the poly-
morphisms in the genes encoding glutathione S-transferase M1 (15),
the polymeric immunoglobulin receptor (16), Toll-like receptors (17),
the DNA repair enzymes XRCCI and hOGGI (18,19), as well as
polymorphisms in several other genes (20,21) were associated with
the risk of developing NPC. In our previous study, which included
2252 Cantonese families with at least one member who was diagnosed
with NPC, we reported that NPC tended to aggregate in families (22).
In 2002, Feng et al. (23) conducted a genome-wide linkage analysis
with microsatellite markers in 32 Cantonese families who had been
identified as at high risk for developing NPC and mapped a NPC
susceptibility locus to chromosome 4p15.1-q12. This linkage region
was further narrowed to a 8.29 cM region on chromosome 4p11-4p14
using high-density microsatellites and single-nucleotide polymor-
phism (SNP) markers (24). In 2004, Xiong et al. (25) reported a sus-
ceptibility locus for familial NPC to chromosome 3p21. Together,
these studies suggest that multiple genetic factors may contribute to
the development of NPC. However, the underlying mechanism re-
mains to be elucidated.

The cytochrome P450 family of enzymes is known to be involved
in the metabolism of numerous xenobiotics. Some of these enzymes
catalyze the first step in the metabolism of procarcinogens and thereby
often create reactive metabolic intermediates that are capable of form-
ing DNA adducts and leading to genetic mutations (26). Among the
cytochrome P450 superfamily of enzymes, cytochrome P450 2E1
(CYP2E1) has been indicated as one of the critically important en-
zymes involved in oxidizing carcinogens such as nitroaromatic com-
pounds, polycyclic aromatic hydrocarbons and arylamines, which are
found in high concentrations in salted fish and tobacco.

Several CYP2E] genetic variants have been reported to be risk
factors for NPC in the Taiwanese population (18,27,28). Hildesheim
et al. analyzed CYP2E] Rsal (rs2031920) and Dral (rs6413432) poly-
morphisms in 50 NPC patients and 50 healthy controls collected from
Taiwan and found that individuals who possessed the homozygous
variant form of CYP2E1 (T/T for Rsal or A/A for Dral) were at a 7.7-
fold [95% confidence interval (CI) 0.87-68] or a 5-fold (95% CI 0.95—
16) higher risk of developing NPC compared with those who carried
the homozygous wild-type form (C/C for Rsal or 7/T for Dral), re-
spectively (27). Later, the authors expanded their study to include 364
NPC patients and 320 healthy controls to validate their initial findings.
They reported that the carriers of the 7/T genotype for Rsal had a 2.6-
fold increased risk of developing NPC (95% CI 1.2-5.7), whereas
those with the A/A genotype for Dral had a 1.9-fold increased risk
of developing NPC (95% CI 0.98-3.7) (28). On the other hand,
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Kongruttanachok et al. analyzed the CYP2EI Rsal polymorphism
among individuals of Thai origin and Chinese origin in Thailand.
They did not detect any association between this polymorphism and
NPC risk (29). It is possible that the differences in ethnic groups and
the sample size may have led to incongruent results.

Recently, we conducted a family-based association study in a high-
risk area in Guangdong, China. To comprehensively assess the role of
genetic variants in CYP2E] for NPC susceptibility, we used the
haplotype-tagging single-nucleotide polymorphism (htSNP) approach
and included 11 CYP2E] htSNPs that were thought to represent the
majority of genetic variants in the genomic region of the CYP2E]
gene that we were studying. We then performed an independent
case—control study (including 755 cases and 755 controls) to verify
the results of our previous study. Moreover, information on cigarette
smoking and salted fish consumption were collected and analyzed in
the case—control study. Similar results we found in these two inde-
pendent studies indicated that the association between genetic var-
iants in CYP2E1 and NPC risk may be robust.

Materials and methods

Study participants

In the family-based association study, all patients with pathologically con-
firmed NPC who were seen between December 2001 and December 2004 at
Sun Yat-Sen University Cancer Center (SYSUCC), Guangzhou, China, the
largest center for cancer treatment in Southern China, were recruited for par-
ticipation in this study. Each NPC patient who consented to participate in the
study was regarded as the proband of his or her family. All probands were
administered a structured questionnaire including basic demographic informa-
tion, including birth place, sex, age, etc. We also recruited their family mem-
bers to participate in this study. Clinical data, including age at NPC diagnosis,
histopathological diagnosis, as well as several other clinical parameters, were
collected from their medical records after written informed consent was ob-
tained. We also collected peripheral blood samples from each individual. By
the end of December 2004, a total of 443 NPC pedigrees, which included 546
unrelated nuclear families, were enrolled in our study.

To validate the results of the family-based association study, an independent
case—control study was performed. Cantonese patients living in Guangdong
Province who had pathologically confirmed NPC and were seen at SYSUCC
between October 2005 and October 2007 were recruited to participate in this
study. Clinical data were collected from their medical records. During the same
period, healthy controls were recruited from the physical examination centers
of several large comprehensive hospitals in Guangdong and were frequency
matched to the cases by age (+5 years), sex, geographic region and ethnicity.
Using face-to-face interviews, trained SYSUCC staff interviewers collected
data on demographics, dietary habits, cigarette smoking history, etc. To eval-
uate food intake, subjects were asked to choose from five intake-frequency
categories including ‘never’, ‘sometimes’, ‘monthly’, ‘weekly’ and ‘daily’.
While analyzing the data, we merged the never and sometimes responses to
create a negative reference group and combined the other three categories to
form an exposure group. Individuals who had smoked at least 100 cigarettes in
their lifetime were defined as ‘smokers’. All study subjects had signed in-
formed consent agreements before epidemiological data and blood samples
were collected by trained SYSUCC staff interviewers.

For the purpose of both studies, we collected 5-10 ml venous blood speci-
mens from study participants and genomic DNA was then extracted from the
lymphocytes using the QIAamp DNA Blood Midi Kit (QIAGEN, Germany)
following the manufacturer’s protocol. Both studies were reviewed and ap-
proved by the Human Ethics Approval Committee of SYSUCC.

Genotyping and detection of virus capsid antigen/early antigen—
immunoglobulin A antibody

Han Chinese SNP information for the candidate genes CYP2E] and CYPIAI,
including variants located at 10-20 kb upstream and downstream of each gene,
was obtained from the Single Nucleotide Polymorphism Database from National
Center for Biotechnology Information and the International HapMap Project
database. Using the selection criteria of /2 >0.8 and minor allele frequency
>5% in the Han Chinese population, we selected htSNPs to capture the common
haplotypes (with frequency >5%) associated with each fragment. A total of 11
htSNPs were selected and genotyped using standardized TagMan SNP Genotyp-
ing Assays (Applied Biosystems, Foster City, CA). TagMan assays include un-
labeled polymerase chain reaction primers and TagMan minor groove binder
probes that are separately labeled with 6-carboxy-fluorescein and victoria green-
fluorescent protein. All polymerase chain reactions were performed in 96-well
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plates with either a GeneAmp polymerase chain reaction System 9700 thermo-
cycler or a 7500 Real-Time System (both from Applied Biosystems).

The measurements of virus capsid antigen— and early antigen—-immunoglobulin
A antibody titers were conducted when the peripheral blood samples were col-
lected. The sera were tested for IgA class antibody against virus capsid antigen
and early antigen using an immunoenzymatic method in accordance with the kit
instructions (Guangdong Zhongshan Biotechnology company, Zhong Shan City,
China), which has been a routine method for NPC diagnosis in high-risk areas
in China for decades. Serial dilutions of quality control sera (1:5, 1:10, 1:20, 1:40
and 1:80) were applied to each assay for evaluation of intra-set variability. To
minimize the experimental error rate, all of the tests related to this study were
conducted in the same lab and by the same technicians, and kits were also from
the same company.

Statistical analysis

We analyzed the genotype data for the family-based association study using the
Haploview software (version 4.0) (30) to conduct the Hardy—Weinberg equi-
librium (HWE) test, standard transmission disequilibrium test and haplotype
analysis. Haploview was also used to calculate Lewontin’s D’ value and the r°
correlation coefficient (31). The default settings were used in these analyses,
which invoke a one-sided upper 95% confidence limit of D’ >0.98 and a lower
95% confidence limit of >0.7 to define SNP pairs in strong linkage disequi-
librium (LD). Haplotypes were then constructed and their frequencies were
estimated using an accelerated expectation—maximization algorithm in Haplo-
view (30,32). We partitioned LD blocks using the method proposed by Gabriel
et al. (31). Tests evaluating the association between single-loci, haplotypes and
NPC were performed with the family-based association test software package
(FBAT, version 1.7.3) (33). The genotypes of individuals with Mendelian
errors were excluded from further analysis.

For the case—control study, the chi-squared and Fisher’s exact tests were
used to assess the differences in the distribution of alleles and genotypes
between cases and controls. To control for confounding factors, an uncondi-
tional logistic regression analysis was conducted and adjusted odds ratios
(ORs) and 95% Cls were calculated. The analyses were performed using the
Stata statistical software package (version 10.0) (Stata Corporation, College
Station, TX). For power calculation, the QUANTO program (Version 1.2) was
used (34,35). The values of false-positive report probability (FPRP) were as-
sessed by the use of method described by Wacholder et al. (36).

Results

In the family-based association study, a total of 443 NPC pedigrees,
were enrolled. In the case—control study, 755 cases and 755 controls
were used, and no significant differences were noted between cases and
controls with regard to age, gender or cigarette smoking history. Cases
had significantly higher frequencies of salted fish consumption than
controls during both childhood and adulthood. Baseline demographic,
clinical and lifestyle characteristics of individuals participating were
shown in Table I. EBV infection is strongly associated with NPC de-
velopment. In this study, 96.3% of the case patients versus 17% of
control subjects were shown positive of virus capsid antigen—-immuno-
globulin A, 77.4% versus 0.5% of early antigen-immunoglobulin A,
the correlation coefficient was 0.80 and 0.79, respectively.

The results of the allele frequency and HWE tests are presented in Table
II. All htSNPs were located either in the intronic region or in the 5’ or 3'-
flanking region of the CYP2E] gene. The minor allele frequencies of the
SNPs we tested ranged from 0.198 to 0.463. The genotypic frequencies
in the study population did not violate the principles of HWE for any loci
(all P > 0.05) except rs2987800 in the family-based dataset; the geno-
typic distributions in rs2987800 significantly deviated from HWE
(Pr_w = 0.0002). We therefore excluded this SNP from the analysis.

The results of the single-locus analysis that we performed using
FBAT are shown in Table III. The results of the chi-squared test
examining transmitted and untransmitted alleles suggested that minor
alleles of 5 of 10 SNPs were significantly associated with NPC risk
under either a dominant or recessive model, with P values ranging
from 0.045 to 0.003. Another SNP, rs915906, had a marginally sig-
nificant P value (P = 0.055). Haplotype construction was conducted
and one block including seven SNPs was constructed using Haplo-
view. Five common haplotypes (each with a frequency of >0.05) were
constructed using the expectation—maximization algorithm imple-
mented in haplotype FBAT. Haplotype ‘CGTGTTA’ was found to be



significantly associated with the risk of developing NPC (P = 0.004).
Further, Using 5000 permutation test runs, we also detected a signif-
icant association (P = 0.003) between the haplotype and NPC risk
(data not shown). The variant rs3827688, which gave the strongest
signal of association in univariate analysis, was not in the main LD
block as the other SNPs. To examine the potential influence of this
SNP on the risk haplotype of the main block, we included this variant
in haplotype construction and frequency estimation. The haplotype
‘CGTGTTAA’ (h2), which contained the rs3827688 risk allele A, re-
mained to be significantly associated with the NPC phenotype
(Z = 2.851, P = 0.003). The frequency of this haplotype was esti-
mated to be 15.9% in the study subjects (Table V). These results

Table I. Characteristics of study participants in case—control study

Variable Case Control P
(n = 755) (n = 755)
Sex (%)
Male 557 (74) 556 (74) 0.953
Female 198 (26) 199 (26)
Age (%), mean + SD (years) 46.6 = 10.74 46.7 £ 11.0 0.975
<30 33 (4) 30 (4)
30-39 173 (23) 166 (22)
40-49 237 (31) 250 (33)
50-59 219 (29) 216 (29)
>60 92 (12) 93 (12)
Smoking history (%)
Never 344 (45.6) 363 (48.1) 0.431
Ever 401 (53.1) 390 (51.7)
Salted fish consumption (%)
Adulthood
Never 587 691 <0.0001
Ever 162 63
Childhood
Never 356 561 <0.0001
Ever 393 190
VCA-IgA (%)
Negative (<1:10) 28 (3.7) 627 (83) <0.0001
1:10-1:40 78 (10.3) 119 (15.8)
1:80-1:320 430 (57.0) 8 (1.1)
>1:640 208 (27.5) 1(0.1)
EA-IgA (%)
Negative 171 (22.6) 751 (99.5) <0.0001
1:10-1:40 369 (48.9) 4 (0.5)
>1:80 204 (27.0) 0 (0)

EA-IgA, early antigen-immunoglobulin A; VCA-IgA, virus capsid antigen—
immunoglobulin A.

Association study between CYP2E1 and NPC risk in Cantonese

provided evidence that a susceptibility locus may exist and be har-
bored in this region.

To more precisely assess the association between CYP2E]I genetic
variants, environmental factors and NPC risk, we conducted an inde-
pendent case-control study (Table IV). We genotyped eight SNPs in the
family-based association study. While we included the entire case—
control set in the analysis, we did not obtain significant results in the
single SNP analysis (except for rs3813865: OR = 1.25, P = 0.050) or
the haplotype analysis. However, after stratifying the data by age and
smoking history, we found that among individuals who had a positive
smoking history and who were <46 years old, seven of eight SNPs
were observed to have significantly higher frequencies in the cases than
in the controls. Patients possessing genotypes containing risk alleles
had a higher risk of developing NPC (OR = 1.88t02.99; P = 0.0140-
0.0001). After we stratified the data, power calculation showed that the
power was >0.96 for six significant SNPs, but 753827688 had power of
0.79. Moreover, two haplotypes (h2 and h5) were associated with a
significantly increased risk of NPC (OR 1.65, P = 0.026 and OR
2.58, P = 0.007, respectively). These results were consistent with the
findings from the family-based association study, in which we also
found that the h2 haplotype was associated with NPC risk. We then
calculated the value of FPRP using an appropriate method. Our calcu-
lation showed that six SNPs with significant findings showed FPRP
values <0.015, one SNP rs3827688 was 0.176. For the haplotype of
h2 and h5, FPRP was 0.220 and 0.129, respectively.

Discussion

Several previous studies have demonstrated an association between
NPC risk and consumption of nitrosamine-containing foods, cigarette
smoking and organic solvent exposure (7,13,37-39). Yi et al. (40)
demonstrated that NPC patients living in high-risk areas in southern
China had a higher potential to form nitrosamines endogenously than
those living in low-risk areas. Later, Yu et al. reported that feeding
Wistar rats Chinese salted fish containing nitrosamines could induce
the formation of malignant nasal cavity tumors (8). CYP2E] is in-
volved in the metabolic activation of numerous procarcinogens, such
as nitrosamines, halogenated hydrocarbons, polycyclic aromatic hy-
drocarbons and arylamines, as well as other procarcinogens (41,42).
Therefore, genetic variation in this carcinogen-metabolic gene may
lead to increased nasopharyngeal carcinoma susceptibility. However,
strong and consistent links between CYP2EI genetic variants and
NPC risk had not been established in Cantonese.

We conducted two independent studies to investigate the associa-
tion between CYP2E] genetic variants and NPC risk. To our knowl-
edge, this is the first comprehensive genetic association study
examining the relationship between CYP2EI genetic variants and

Table II. The MAFs and the results of HWE tests of 11 htSNPs

SNP ID Position” Gt:notypeb Gene region Family-based association study Case—control study
MAF Puw* MAF Puw’
rs9418984 135172346 G/C 5’ flanking 0.463 0.574 — —
rs10857733 135182793 G/A 5’ flanking 0.198 0.165 — —
rs9418990 135187956 T/C 5’ flanking 0.441 0.688 0.436 0.495
rs3813865 135189234 G/C 5’ flanking 0.250 0.973 0.231 0.736
rs915906 135193728 T/C Intron 2 0.265 0.316 0.246 0.743
915908 135196949 G/A Intron 5 0.203 0.215 0.173 0.933
12249695 135202158 C/T Intron 8 0.435 0.325 0.417 0.354
rs8192780 135204115 G/T 3’ flanking 0.444 0.834 0.436 0.186
rs1536826 135207229 C/A 3’ flanking 0.442 0.781 0.436 0.221
rs3827688 135219248 G/A 3’ flanking 0.321 0.737 0.256 0.779
rs2987800 135231917 G/T 3’ flanking 0.248 0.0002 — —

MAF, minor allele frequency.

“The chromosome position listed here is taken from the Single Nucleotide Polymorphism Database from National Center for Biotechnology Information build 129.

PFirst allele is major allele and the second is minor allele.
“Py_w represents the P-value of HWE tests.
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NPC risk using a family-based association study design and a large
sample case—control study design in Cantonese. We assessed the as-
sociation between genetic polymorphisms within CYP2E] and NPC
risk in the 546 Cantonese nuclear families and were able to identify
several genetic variants in the CYP2E] gene that conferred an ele-
vated risk of developing NPC. Consequently, we conducted an in-
dependent case—control study to validate these results. We found
similar results in the single SNP and haplotype analyses we performed

Table III. Single-locus association study examining the association between
a specific CYP2E1 genetic variant and NPC risk in the family-based
association study

SNP ID Minor Dominant model Recessive model
allele

Xz PAa/aaa X2 Paaa
19418990 C 8.184 0.017° 4.017 0.134
rs3813865 C 3.546 0.170 2.708 0.258
1915906 C 1.321 0.517 5.796 0.055”
rs915908 A 1.305 0.521 6.534 0.038"
1$2249695 T 4.331 0.115 0.556 0.757
rs8192780 T 6.211 0.045" 2.433 0.296
rs1536826 A 6.371 0.041° 3.727 0.155
rs3827688 A 11.588 0.003" 4.584 0.101

%2, chi-squared test.
“Analyzed using FBAT software, adjusted by age of onset.
"The statistical significantly P values or boundary P values.

in this case—control study only when we limited our analysis to in-
clude only patients <46 years of age who smoked cigarettes. These
results were inconsistent with the findings from a previous Taiwanese
study, which found that the increased risk conferred by a given
CYP2E1 variant (Rsal digestion, c2 allele) was limited to non-
smokers (28). Notably, we did not observe differences in NPC risk
after we stratified the data by other risk factors, such as salted fish
intake, salted vegetable consumption, etc. (Data not shown).

We would like to point out that the significantly associated variant
rs3827688, resides ~5.5 kb from the 3’-terminal region of CYP2E]
gene. We speculate that this variant may contribute to NPC risk via
affecting the transcriptional regulation of CYP2E] gene expression or
the posttranscriptional modification of CYP2E] messenger RNA, in
a manner similar to the way the Rsal polymorphism of the gene exerts
its effect (43-45). However, it is also plausible that rs3827688 may
serve as a genetic marker that is in strong LD with other yet-to-be-
defined genetic variants, which may themselves affect the function of
CYP2E]. Therefore, it will be meaningful to analyze the DNA sequence
surrounding this SNP to discovery of the true causal genetic variants
that directly alter CYP2EI function and confer an increased risk of
NPC. Therefore, further functional studies are needed to better under-
stand the association between CYP2E] genetic variants and NPC risk.

Our study has several unique strengths. First, we systematically
studied the association between CYP2EI genetic polymorphisms
and NPC risk using the htSNP approach and successfully identified
disease-associated variants in a homogeneous population. Using an
htSNP approach, a subset of SNPs was selected to represent the ma-
jority of genetic variants in a defined genomic region, which is

Table IV. Association between CYP2E] gene and NPC risk in the case—control study

SNP Genotype Total Smokers aged <46 years
Case Control OR (95% CI)* P Case Control OR (95% CI)* P

rs9418990 TT 234 252 41 65

TC+CC 519 503 1.20 (0.95-1.52) 0.125 133 91 2.95 (1.69-5.17) 0.0002
rs3813865 GG 428 467 86 104

GC+CC 326 287 1.25 (1.00-1.56) 0.050 89 52 2.35 (1.40-3.92) 0.0011
1915906 TT 416 444 83 103

TC+CC 339 310 1.16 (0.93-1.44) 0.196 92 53 2.45 (1.47-4.08) 0.0006
rs915908 GG 509 524 124 104

GA+AA 246 230 1.18 (0.93-1.49) 0.167 51 52 0.93 (0.55-1.57) 0.7860
152249695 CC 258 263 48 67

CT+TT 495 490 1.12 (0.89-1.41) 0.334 127 89 2.59 (1.51-4.45) 0.0006
rs8192780 GG 241 252 43 67

GT+TT 513 502 1.16 (0.92-1.46) 0.224 132 88 2.99 (1.72-5.21) 0.0001
rs1536826 CC 241 251 43 66

CA+AA 513 504 1.15 (0.91-1.45) 0.243 132 90 2.94 (1.69-5.13) 0.0001
rs3827688 GG 422 410 92 101

GA+AA 328 340 1.00 (0.80-1.25) 0.982 80 54 1.88 (1.13-3.13) 0.0140

“ORs were adjusted for sex, age, smoking and Cantonese salted fish consumption in childhood and adulthood.

Table V. Association between CYP2E! haplotype and NPC risk in the family-based association study and the case—control study

Hap® Block Family-based association study (Total 546 nuclear families) Case—control study Smokers aged <46 years
Haplotype Fam® zZ P Haplotype  Case Control  OR (95% CI) P
frequency” frequency®
hl TGTGCGCG  0.329 88 1.316 0.188 0.403 120 149 Reference —
h2 CGTGTTAA  0.159 63 2.851 0.003¢ 0.173 65 49 1.65 (1.03-2.63)  0.026"
h3 TGTACGCG  0.168 88 —1.483 0.138 0.166 50 61 1.02 (0.64-1.63)  0.938
h4 CCCGTTAG  0.159 77 —0.213 0.831 0.150 51 48 1.32 (0.81-2.15)  0.239
h5 CCCGTTAA  0.077 41 —0.141 0.887 0.062 27 13 2.58 (1.22-5.68)  0.007°

“The code of each haplotype.

"The frequency of each haplotype.

“The number of the nuclear families carrying corresponding haplotype.
“The statistical significantly P values.
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considered to be a powerful method to identify the association be-
tween genetic loci and disease states. A given set of htSNPs in-and-of
themselves may or may not be functionally related to a given disease
state but may be capable of indirectly identifying the true causal
variants of that disease state.

We included a total of 2499 subjects within 546 nuclear families in
the family-based association study. This study population appeared to
be fairly homogeneous with respect to social and cultural norms.
Furthermore, FBAT is a generalized approach, which is not suscepti-
ble to biases due to population admixture/stratification, misspecifica-
tion of the trait distribution or selection based on trait (33,46,47).
However, although we made an effort to collect information regarding
tobacco use and dietary history, as well as exposure to other environ-
mental factors, there was nonetheless a severe amount of missing data
on these parameters. Therefore, we were not able to adjust for envi-
ronmental exposures as confounders or assess the effects of gene—
environment interactions implicated in NPC susceptibility in the
family-based study. However, we followed up the results revealed
by the family-based association study using an independent case—
control study, in which we included environmental measures and
supported the findings obtained from the family-based design.

Several important polymorphisms in CYP2E] (e.g. m1(Rsal),a C:T
mutation in the 5’ -flanking region of the gene) appear to be involved
in the transcriptional regulation of CYP2E] (43). Individuals with this
genetic variant form have higher hepatic CYP2E] messenger RNA
and protein levels and have a greater ability to metabolize acetamin-
ophen (44,48). CYP2E1 is also expressed in nasopharyngeal tissue
(49,50). Hou et al. (49) reported that the expression of CYP2E] was
regulated by doxycycline in a dose-dependent manner when the cat-
alytic activity of CYP2E1 was assayed in the NIH 3T3/rtTA cell line.
CYP2E1 may play an important role in the development of NPC that
is induced by certain indirect carcinogens. However, there is not
enough direct evidence to link the genetic variants and functional
mechanism of this carcinogen-metabolizing gene to NPC carcinogen-
esis, therefore, an in-depth biological study aimed at further clarifying
this linkage is needed to further elucidate the genetic factors that are
directly involved in NPC carcinogenesis.

To summarize, we consistently identified disease-associated
CYP2E] variants in a homogeneous Cantonese population. To our
knowledge, this is by far the largest association study performed
in the Cantonese population that has focused on a carcinogen-
metabolizing gene and provided a robust evidence for an association
between the presence of specific genetic variants and cancer risk. In-
depth investigations of the specific variants linked to CYP2E] func-
tion are needed to further elucidate the relationship between these
genetic variants and NPC carcinogenesis.
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