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Abstract

Purpose: This study was conducted to explore the effects of genetic polymorphisms (CYP1B1*2 G355T, CYP1B1*3 C4326G,
and CYP2E1*5 G-1293C) and environmental factors (smoking and drinking) on susceptibility to laryngeal cancer in a Han
Chinese study group.

Methods: This case-control study included 552 Han Chinese patients diagnosed with laryngeal cancer and 666 healthy
control subjects of the same ethnicity, similar age, and gender. Genetic polymorphisms were examined using multi-PCR and
Matrix Assisted Laser Desorption Ionization - Time of Flight (MALDI-TOF MS) methodology. The association of these genetic
and environmental factors with susceptibility to laryngeal cancer was evaluated using a statistical approach.

Results: The frequencies of all three polymorphisms in the patient cohort were significantly different from those in the
control cohort. Compared to the control cohort, carriers of variant alleles of CYP1B1*2 355T and CYP2E1*5 -1293C showed a
higher risk for developing laryngeal cancer (for CYP1B1*2 355T, adjusted OR = 2.657, P ,0.001; for CYP2E1*5 -1293C,
adjusted OR = 1.938, P ,0.001), while carriers of mutation allele CYP1B1*3 4326G showed a lower risk (adjusted OR = 0.562,
P ,0.001). Joint effects of these polymorphisms were observed. When compared to haplotype G355C4326G21293, haplotypes
T355C4326G21293 (adjusted OR = 1.809, P ,0.001), G355C4326C21293 (adjusted OR = 1.644, P = 0.044), and T355C4326C21293

(adjusted OR = 3.104, P ,0.001) were associated with a significantly higher laryngeal cancer risk. The adjusted ORs for non-
smokers, non-drinkers, smokers, and drinkers with the GT/TT genotype at CYP1B1*2 G355T were 2.190 (P = 0.006), 2.008
(P = 0.001), 5.875 (P ,0.001), and 4.518 (P ,0.001), respectively.

Conclusions: CYP1B1*2 355T and CYP2E1*5 -1293C are associated with an increased laryngeal cancer risk, while CYP1B1*3
4326G is associated with a decreased risk. These polymorphisms showed joint effects on laryngeal cancer risk. Smoking and
drinking showed collaborative effects with two high risk alleles (CYP1B1*2 355T and CYP1B1*3 4326G) for promoting
laryngeal cancer risk.
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Introduction

Laryngeal cancer, the most common malignant head neck

cancer, is also a common malignant tumor in China [1]; however,

the etiology of laryngeal cancer remains unclear. While the

majority of laryngeal cancer patients have a long history of

smoking and alcohol assumption [2], only a small percentage of

such individuals eventually develop laryngeal cancer. This suggests

that an individual’s genetic make-up plays an important role their

susceptibility to laryngeal cancer [3], and supports the current

notion that susceptibility to laryngeal cancer is associated with

interactions between genes and the environment. Therefore, use of

molecular genetic approaches and genetic association analysis to

identify genes potentially related to laryngeal cancer should assist

in revealing the etiology of the disease.

CYP1B1 and CYP2E1 are two cytochrome P450 enzymes

which catalyze the hydroxylation of pro-carcinogens such as

polycyclic aromatic hydrocarbons (PAHs), heterocyclic aromatic

amines (HAAs), aromatic amines, and N-nitrosamines [4–7].

These reactions may produce cytotoxic agents, induce mutations

in proto-oncogenes or tumor suppressor genes, result in DNA

damage, intensify lipid and protein peroxidation, and ultimately

lead to an increased risk for developing various cancers [8,9].

Currently, . 50 polymorphic variants have been reported to

affect encoding of the CYP1B1 protein, and among these, four

single nucleotide polymorphisms (SNPs) (CYP1B1*2 C142G,

CYP1B1*2 G355T, CYP1B1*3 C4326G, and CYP1B1*4
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A4390G) result in changes in the amino composition of the

enzyme and thereby affect metabolism of carcinogens [10,11].

The SNP CYP1B1*3 (Leu432) has been reported to result in a

higher catalytic activity for oxidation of benzo[a]pyrene to 7,8-

dihydoxy-7,8-dihydrodiol, compared to the Val432 form of the

enzyme [12]. Helmig et al. conducted a study investigating the

association between gene-environment interactions and cancer

susceptibility, and reported that smokers had a high frequency of

wild-type allele C at the nucleotide 4326 (nt4326) locus of CYP1B1

[13]. Studies of human head and neck squamous-cell cancer

(HNSCC) revealed that polymorphism CYP1B1*3 C4326G is

associated with tobacco exposure [14]. Singh et al. reported that

while CYP1B1*2 G355T and CYP1B1*3 C4326G both increased

an individual’s susceptibility to HNSCC, susceptibility was also

affected by interactions between genes and environmental factors

(mainly tobacco and alcohol exposure) [15]. Furthermore, an

association between these SPNs and other squamous-cell cancers

has also been suggested. A meta-analysis conducted by Xu et al.

found that homozygous mutations of CYP1B1*2 G355T and

CYP1B1*3 C4326G may be low penetrance risk factors for lung

cancer occurrence [16], which is consistent with results reported

by Chen et al. [17]. Additionally, CYP1B1*2 G355T and

CYP1B1*3 C4326G have also been reported to be associated

with susceptibility to hormone-related cancers such as prostate

cancer, bladder cancer, and carcinoma of the endometrium [18–

20].

While a G-1293C mutation at the 59 promoter region of

CYP2E1 will alter the gene’s expression [21], the impact of this

SNP on an individual’s risk for developing head and neck cancer

remains controversial. Gajeka et al. reported that CYP2E1 was not

associated with susceptibility to either laryngeal cancer or

nasopharyngeal carcinoma [22], and Cury et al. reported that

CYP2E1 was not associated with susceptibility to head and neck

cancer [23]. However, it was reported that the presence of

mutation allele CYP2E1*5 may increase the risk for developing

HNSCC, and a joint effect between this genetic polymorphism

and environment factors such as smoking and alcohol consump-

tion was also noticed [24].

Here, we report results of a case-control study investigating the

association of three important SNPs of P450 (CYP1B1*2 G355T,

CYP1B1*3 C4326G, and CYP2E1*5 G-1293C) and two major

environmental factors (smoking and drinking) with susceptibility to

laryngeal cancer. The goal of this study was to improve help

improve the early diagnosis, and ultimately reduce the incidence of

laryngeal cancer in a high risk population in China.

Study Subjects and Methods

Study subjects
The experimental protocol was established, according to the

ethical guidelines of the Helsinki Declaration. This study was

approved by the Institutional Review Board of the Second

Affiliated Hospital and Yuying Children’s Hospital of Wenzhou

Medical University, and all subjects in both cohorts signed an

Informed Consent prior to enrollment. The patient cohort in this

study included 552 Han Chinese individuals diagnosed with

laryngeal cancer between August 2007 and August 2014 at various

hospitals affiliated with Wenzhou Medical College (WMC).

Subjects were eligible for inclusion in the study based on the

following criteria: (1) a diagnosis of laryngeal squamous-cell cancer

as a primary disease based on a histopathology examination; (2)

the availability of a peripheral blood specimen that was collected

prior to radiochemotherapy and was properly preserved; (3) the

availability of complete clinical records; (4) the subject was not

related to other Han Chinese patients. The control cohort

included 666 healthy individuals who had undergone a routine

health checkup during the same time period at the Second

Hospital affiliated with WMC. The selection criteria used for the

control cohort were the same as those used for the patient cohort,

except that the control subjects were required not to have a

personal history of cancer, a family history of cancer, or a history

of exposure to radioactive or toxic gas or other known

carcinogens. The patient and control cohorts were matched for

gender and age, and there was no statistically significant difference

between their demographic characteristics. This study was

approved by the Institutional Review Board of the Second

Hospital affiliated with WMC, and all subjects in both cohorts

signed an Informed Consent prior to enrollment.

Primer design
Primers for the Multiplex Polymerase Chain Reaction (Multi-

PCR) were designed by the Assay Design 3.1 system (Sequenom,

Inc., San Diego, CA, USA) and synthesized by TsingKe Inc,

(Beijing, China). The primer sequences used in this study are listed

in Table 1.

Genomic DNA extraction
Specimens of peripheral blood were collected in EDTA-coated

tubes and stored at 270uC. DNA was extracted from blood cells

using the AxyPrep Blood Genomic DNA Maxiprep Kit (Axygen

BioScience, Inc., Union City, CA, USA).

Gene amplification and polymorphism analysis:
DNA regions containing targeted SNPs were amplified using

Multi-PCR with the GeneAMP PCR System 9700 (Applied

Biosystems, Inc., Carlsbad, CA, USA). Conditions for PCR were

as follows: initial incubation at 95uC for 2 min, followed by 45

cycles of 95uC for 30 s and annealing at 56uC for 30 s and 72uC
for 60 s. Final extension was conducted by incubation at 72uC for

5 min. The PCR products were purified by addition of SAP

enzyme, which was used as a template for amplification of SNPs

by primer extension reactions with ddNTP. The primer extension

was performed using the following sequential steps: initial

incubation at 95uC for 30 s; denaturation at 95uC for 5 s; five

cycles of annealing at 52uC for 5 s and extension at 80uC for 5 s;

40 cycles of denaturation at 95uC for 5 s, annealing at 52uC for 5 s

and extension at 80uC for 5 s; final extension at 72uC for 53 min.

Genotyping of extension reaction products was done using matrix

assisted laser desorption ionization time of flight MS (MLDI-TOF

MS) [25].

Statistical analysis
The Hardy–Weinberg equilibrium was used to determine

whether the genotype and allele frequencies in both the patient

and the control cohorts were representative of frequencies in the

overall population. Evaluations of haplotype construction and

linkage disequilibrium were conducted using Haploview 3.2

software (http://www.broad.mit.edu/mpg/haploview/). Differ-

ences in genotype and allele frequencies were examined using

the chi squared (x2) test. Adjusted ORs based on age, gender,

smoking habits, and drinking status were calculated using logistic

regression and unconditional logistic regression analyses. Uncon-

ditional logistic regression analysis was used to access the

combined effects of SNPs and tobacco/alcohol exposure [26,27].

Smoking was quantified using the smoking index formula (SI =

pack-year = number of cigarettes per day/20 x years of smoking),

and individuals were classified as light or heavy smokers based on
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SI values of # 20 or . 20, respectively [28]. Drinking was

quantified using the drinking index (DI = mL of drinks per day x

years of drinking), and individuals were classified as light or heavy

drinkers based on DI values of # 60 or . 60, respectively [29].

All statistical analyses were performed using SPSS 20.0

software. A P-value ,0.05 was considered statistically significant.

Results

Subject characteristics
Demographic information for the study subjects in both groups

is summarized in Table 2. There were no statistically significant

differences regarding the gender (P = 0.643) or age (mean = 63.5

years in patient group vs. 62.3 years in control group, P = 0.678) of

the subjects in the two groups. However, males accounted for

96.7% of the subjects enrolled in the patient cohort (P ,0.001).

The majority of subjects in both groups reported a long history of

smoking and/or drinking, but there were more smokers in the

patient cohort than in the control cohort (86.4% vs. 65.6%, P ,

0.001). Heavy smokers showed a significantly (P ,0.001) increased

risk for laryngeal cancer (OR = 5.552, 95% CI: 4.069–7.574),

while the risk for light smokers was not significant (OR = 1.299,

95% CI: 0.913–1.848, P = 0.164). The effect of drinking alcohol

on the risk for laryngeal cancer was similar to that produced by

smoking (P ,0.001), and there were more drinkers in the patient

cohort than in the control cohort (69.4% vs. 49.4%, respectively, P

,0.001). Additionally, heavy drinking was associated with a

significant risk for developing laryngeal cancer (OR = 4.085, 95%

CI: 3.113–5.361, P ,0.001), whereas this risk among light

drinkers was not significant (OR = 0.949, 95% CI: 0.693–1.298,

P = 0.741).

Allele and genotype distribution
Allele and genotype frequencies for the three SNP loci

(CYP1B1*2 G355T, CYP1B1*3 C4326G, and CYP2E1*5 G-

1293C) are summarized in Table 3. The distributions of the allele

and genotype frequencies of these three loci were consistent with

the Hardy-Weinberg equilibrium (x2 = 0.270, P = 0.603;

x2 = 0.045, P = 0.832; x2 = 3.127, P = 0.077; respectively). The

allele frequencies for CYP1B1*2 355T, CYP1B1*3 4326G, and

CYP2E1*5 -1293C were 35.2, 8.2, and 15.5%, respectively in the

patient cohort, and 20.2, 13.2, and 8.3%, respectively in the

control cohort (P ,0.05). The frequencies of the genotypes at

these three loci in the two cohorts were significantly different (P ,

0.001, respectively), and the frequencies of the wild-type genotype

in the patient and control cohorts were also significantly different

(64.5% vs. 36.6%, P ,0.001; 15.2% vs. 24.8%, P ,0.001; 20.3%

vs. 15.3%, P ,0.001, respectively).

Individual SNPs and risk of laryngeal cancer
Individuals with the GT or TT (GT+TT) genotype at the

CYP1B1*2 G355T locus showed a significantly higher risk for

developing laryngeal cancer than individuals with the GG

genotype (crude OR = 3.141, 95% CI: 2.483–3.974, P ,0.001),

and this difference between genotype groups remained significant

even after adjusting for differences in age, gender, smoking habits,

and drinking habits (adjusted OR = 2.657, 95% CI: 2.078–3.398,

P ,0.001).

In contrast, individuals with the CG or GG genotype at the

CYP1B1*3 C4326G locus showed a significantly lower risk for

developing laryngeal cancer compared to individuals with the CC

genotype (crude OR = 0.545, 95% CI: 0.407–0.729, P ,0.001).

Adjusted values also showed statistical significance: (adjusted

OR = 0.562, 95% CI: 0.414–0.763, P ,0.001).

Individuals with the GC or CC genotype at the CYP2E1*5 G-

1293C locus also showed a significantly higher risk of laryngeal

cancer compared to individuals with genotype GG (crude

OR = 1.773, 95% CI: 1.330–2.362, P ,0.001), while individuals

heterozygous for genotype CC showed a much higher risk (crude

OR = 6.240, 95% CI: 2.876–13.540, P ,0.001). The adjusted

values also showed statistical significance: (for GC + CC, adjusted

OR = 1.938, 95% CI: 1.426–2.633, P ,0.001; for CC, adjusted

OR = 8.718, 95% CI: 3.785–20.076, P ,0.001).

Joint effect of SNPs on susceptibility to laryngeal cancer
The distributions of haplotypes in the two cohorts and results of

relevant statistical analyses are summarized in Table 4. Six of the

eight haplotypes possibly associated with laryngeal cancer were

identified in the patient and control groups. The most common

haplotype, G335C4326G21293, was found in 56.4% of patients and

67.7% of control subjects. Six haplotypes were found to be

associated with a susceptibility to laryngeal cancer. For example,

the T355C4326G21293 haplotype, which contains two high-risk

alleles (T355 and C4326), showed a stronger association with

laryngeal cancer than the major haplotype G335C4326G21293

(adjusted OR = 1.809, 95% CI: 1.434–2.282, P ,0.001). Addi-

tionally, the T355C4326C21293 haplotype, which contains three

high risk alleles, showed an even stronger association (adjusted

OR = 3.104, 95% CI: 2.135–4.512, P ,0.001). Accordingly, the

haplotype G355G4326G21293, which contains three protective

Table 1. PCR primer sequences for SNP amplification and extension.

dbSNP ID HGVS nomenclature SNP PCR primer

rs1056827 CYP1B1*2 G355T F ACGTTGGATGGACACCACACGGAAGGAGG

R ACGTTGGATGTAGTGGTGCTGAATGGCGAG

E AACACACGGAAGGAGGCGAAGG

rs1056836 CYP1B1*3 C4326G F ACGTTGGATGCTTGTCCAAGAATCGAGCTG

R ACGTTGGATGCAACCAGTGGTCTGTGAATC

E CTCTCCGGGTTAGGCCACTTCA

rs3013867 CYP2E1*5 G1293C F ACGTTGGATGAAACCAGAGGGAAGCAAAGG

R ACGTTGGATGTTGGTTGTGCTGCACCTAAC

E TTCTTGGTTCAGGAGAG

F = Forward; R = Reverse; E = Extension.
doi:10.1371/journal.pone.0106580.t001
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alleles, showed a weaker association with laryngeal cancer than the

major haplotype G335C4326G21293 (adjusted OR = 0.573, 95% CI:

0.391–0.841, P = 0.004).

Genotypes at the three loci were defined for individuals in the

patient and control cohorts. Individuals with genotype GT/TT+
CC+GG or GT/TT+CG/GG + GC/CC, which contains two risk

alleles at two loci, showed a significantly higher risk for developing

laryngeal cancer compared to individuals with genotype GG+CG/

GG+GG (adjusted OR = 3.331, 95% CI: 2.144–5.176, P ,0.001

and adjusted OR = 2.418, 95% CI: 0.999–5.856, P = 0.050,

respectively). Moreover, individuals with three risk alleles at all

three loci (GT/TT+CC+GC/CC) showed the highest risk for

developing laryngeal cancer (adjusted OR = 5.297, 95% CI:

3.123–8.986, P ,0.001).

Gene-environment interactions and the risk of laryngeal
cancer

The joint effects of the three SNPs and environmental factors

are presented in Table 5. Our analysis showed that 58.5% of the

patients exposed to tobacco smoking had the GT or TT genotype

at the CYP1B1*2 G355T locus, and 38.3% had the genotype GG

at that locus. Among patients who consumed alcohol, 47.6% had

the GT or TT genotype and 21.7% had the GG genotype. Non-

smokers with the GT or TT genotype showed a higher risk for

developing laryngeal cancer than non-smokers with the GG

genotype (adjusted OR = 2.190, 95% CI: 1.257–3.816, P = 006).

The corresponding values for non-drinkers were OR = 2.008, 95%

CI: 1.361–2.963, and P = 0.001, and for smokers, the values were

OR = 5.875, 95% CI: 3.950–8.739, and P ,0.001. This OR

value, which reflects the joint effect of having the GT or TT

genotype and also being a smoker, is larger than the value

produced by multiplying the OR value for having the genotype

alone with the OR value for being a smoker alone (5.875 .

2.19062.098 = 4.595). Among drinkers, the corresponding values

were OR = 4.518, 95% CI: 3.181–6.415, P ,0.001. This OR

value was also larger than the value produced by multiplying the

OR value for having the genotype alone with the OR value for

being a smoker alone (4.518 . 2.00861.414 = 2.839). The OR

values for heavy smokers and heavy drinkers with the GT+TT

genotype were 9.995 (P ,0.001) and 8.668 (P ,0.001),

respectively. Similar joint effects of heavy smoking or heavy

drinking coupled with genetic factors were also indicated (9.995 .

2.19063.515 = 7.700 and 8.668 . 2.00862.312 = 4.642,

respectively). These data demonstrate that the presence of an SNP

at the CYP1B1*2 G355T locus, when coupled with smoking or

drinking, produces a joint effect on an individual’s susceptibility to

laryngeal cancer. Also, the presence of the allele 335T, when

coupled with smoking or drinking, collaboratively increases the

risk for laryngeal cancer. Our results show that the joint effect of

two risk factors is stronger than the simple additive effect of two

single factors.

Similarly, both smoking and drinking showed a collaborative

effect for increasing the risk of laryngeal cancer in patients with the

wild type allele 4326C at the CYP1B1*3 C4326G locus. For

instance, individuals with the CG+GG genotype at this locus

presented with a lower risk for laryngeal cancer than the those

with the CC genotype and experiencing the same environmental

exposures, such as smoking (OR = 1.542 vs. OR = 2.959, P ,

Table 2. Characteristics of patients and control subjects.

Variable Patients, n. (%) Controls, n. (%)

Sample size N = 552 N = 666 Crude OR (95% CI) P

Mean age 63.5 (10.4) 62.3 (9.4) 0.678

# 50 53 (9.6) 27 (4.1)

. 50 499 (90.4) 639 (95.9)

Gender 0.643

Male 534 (96.7) 641 (96.2)

Female 18 (3.3) 25 (3.8)

Smoking status ,0.001

Nonsmoker 75 (13.6) 229 (34.4) 1(Ref.)

Smoker 477 (86.4) 437 (65.6)

# 20 pk-yr 97 (17.6) 228 (34.2) 1.299 (0.913–1.848) 0.146

. 20 pk-yr 380 (68.8) 209 (31.4) 5.552 (4.069–7.574) ,0.001

Drinking status ,0.001

No 169 (30.6) 337 (50.6) 1 (Ref.)

Yes 383 (69.4) 222 (49.4)

# 60 DI 88 (15.9) 185 (27.8) 0.949 (0.693–1.298) 0.741

. 60 DI 295 (53.4) 144 (21.6) 4.085 (3.113–5.361) ,0.001

Laryngeal cancer stage

I 108 (19.6)

II 142 (25.7)

III 156 (28.3)

IV 146 (26.4)

Ref: used as reference values. OR: Odds Ratio; 95% CI: 95% confidence interval; Stage of laryngeal cancer was classified using the UICC-2002 TNM classification system.
doi:10.1371/journal.pone.0106580.t002
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0.05). We did not observe the same collaborative effect between

the SNP at the CYP2E1*5 G-1293C locus and smoking or

drinking.

The results of multivariate prognostic analyses for the effects of

risk factor interactions on laryngeal cancer risk are shown in

Table 6. Environmental factors (smoking and drinking) and

genetic factors (CYP1B1*2 355T and CYP2E1*5 -1293C) are

both associated with an individual’s susceptibility to developing

laryngeal cancer (P value for all these evaluations were , 0.001).

The mutant allele CYP1B1*2 4326G shows a protective effect

against developing laryngeal cancer (P ,0.001). The genetic risk

factors and smoking/drinking show joint effects on laryngeal

cancer occurrence.

Discussion

Our case-control study of the Han Chinese population revealed

that three SNPs at CYP1B1*2 G355T, CYP1B1*2 C4326G, and

CYP2E1*5 G-1293C are associated with an individual’s suscep-

tibility to laryngeal cancer. In the patient cohort, the frequencies of

alleles CYP1B1*2 355T and CYP2E1*5 -1293C were higher than

those in the control cohort, and the frequency of allele CYP1B1*3

4326G in the patient cohort was lower than that in the control

cohort. Additionally, all of these differences were statistically

significant. These results strongly suggest that alleles CYP1B1*2

355T and CYP2E1*5 -1293C increase the risk of laryngeal cancer,

while allele CYP1B1*3 4326G may reduce the risk.

CYP1B1*2 G355T locates at the second exon of the CYP1B1

gene and causes an Ala119Ser amino acid change in the encoded

enzyme. The CYP1B1*2 C355T mutation has been reported to

increase the risk of head and neck cancers [15], and Jawarowska et

al. reported that the CYP1B1*2 355T allele increases an

individual’s susceptibility to laryngeal cancer [30]. Additionally,

a study on squamous cell carcinoma of the respiratory tract found

a high frequency of the CYP1B1*2 355T allele in patients with

lung cancer, suggesting that the presence of this allele increased

the risk for developing lung cancer [31]. Finally, the CYP1B1*2

355T allele was also reported to be associated with an increased

susceptibility to other cancers, such as breast and endometrial

cancer [32]. In our study, we found that among individuals with a

history of similar environmental exposures, those individuals

carrying the CYP1B1*2 355T allele (genotype GT+TT) showed

a significantly increased risk for laryngeal cancer compared to

individuals with the wild type gene (GG) (Table 5). Thus, data

from our study and other studies have consistently shown that the

CYP1B1*2 G355T allele is linked to cancer susceptibility.

Mutation allele (CYP1B1*2 355T) may also increase the risk for

laryngeal cancer, possibly due to the increased catalytic activity for

17b-oestradiol 4-hydroxylation contributed by that mutation [12].

However, the mechanism underlying the effect of this allele on

promoting cancer risk remains unclear and requires further

investigation.

CYP1B1*3 C4326G locates at the third exon of the gene and

causes a Leu432Val amino acid change in the encoded enzyme.

While the CYP1B1*3 C4326G mutation has been reported to

increase an individual’s susceptibility to head and neck cancers

[8,33], Tai et al. reported that this mutation was not associated

with susceptibility to either hypopharynx squamous cell carcinoma

or laryngeal cancer [28]. However, another study found a lower

frequency of mutation allele CYP1B1 4326G in patients with

colon cancer, indicating that this allele may reduce the risk of

colon cancer and even exert a protective effect [34]. It is entirely

possible that the discrepancies found among these results

concerning the effect of mutation allele CYP1B1 4326G on

cancer risk might derive from the different ethnicities, subject

numbers, and additional SNPs included in the studies.

In our study, mutation allele CYP1B1 4326G was associated

with a decreased risk for laryngeal cancer (Table 3). One possible

mechanism underlying this protective effect might be that the

altered enzyme conformation produced by the amino acid

substitution may lead to a decreased or diminished enzymatic

capacity for activating carcinogens.

CYP2E1*5 G-1293C, also known as the Rsa I/Pst I restriction

fragment length polymorphism (RFLP), locates at the 59 UTR

(untranslated region) of the CYP2E1 gene. The nucleotide change

G-1293C creates a recognition site for the restriction enzyme Pst I,

and disrupts an Rsa I recognition site, thus altering gene

expression [21,35]. A meta-analysis including 12562 cases was

performed to examine the association between the CYP2E1 Rsa

I/Pst I RFLP and susceptibility to head and neck cancers [36].

Table 4. Haplotype and genotype distributions in patient and control cohorts.

Chromosomes Patients, n.% Controls, n.% ORa (95% CI) Pa

Haplotypes 1104 1332

G355C4326G21293 623 (56.4) 902 (67.7) 1 (Ref.)

G355G4326G21293 42 (3.8) 111 (8.3) 0.573 (0.391–0.841) 0.004

G355G4326C21293 9 (0.8) 8 (0.6) 4.264(1.569–11.592) 0.004

T355C4326G21293 243 (22.0) 165 (12.4) 1.809 (1.434–2.282) ,0.001

G355C4326C21293 40 (3.6) 42 (3.1) 1.644 (1.014–2.666) 0.044

T355C4326C21293 107 (9.7) 47 (3.5) 3.104 (2.135–4.512) ,0.001

genotypes 552 666

GG+CG/GG+GG 39 (7.1) 100 (15.0) 1 (Ref.)

GT/TT+CC+GG 216 (39.1) 142 (21.3) 3.331 (2.144–5.176) ,0.001

GT/TT+CG/GG + GC/CC 15 (2.7) 13 (1.9) 2.418 (0.999–5.856) 0.050

GG+CG/GG+ GC/CC 5 (0.9) 8 (1.2) 3.323(0.964–11.450) 0.057

GT/TT+CC+GC/CC 100 (18.1) 45 (6.8) 5.297(3.123–8.986) ,0.001

Ref: used as reference values. ORC: Crude Odds Ratio; ORa: Odds Ratio adjusted by logic regression based on age, gender, smoking, and drinking status; 95% CI: 95%
confidence interval.
doi:10.1371/journal.pone.0106580.t004
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The study results showed that the OR for individuals carrying one

mutation allele (CYP2E1*5 -1293C) and having a head and neck

cancer was 1.11 compared to individuals with the homozygous

wild-type CYP2E1*5 -1293G allele. This result indicates that the

CYP2E1*5 -1293C allele is associated with an increased risk for

head and neck cancer. Another meta-analysis of case-control

studies on the association between CYP2E1 polymorphisms and

head and neck cancer risk showed that individuals, especially

Asians, homozygous for CYP2E1*5 -1293C had an increased risk

for developing head and neck cancer [37]. Our case-control study

showed that the CYP2E1*5 -1293C allele is associated with an

Table 5. Effect of gene-environment interaction on laryngeal cancer risk.

G.T rs1056827

GG GT+TT

Pat/Con, n.% ORa (95% CI) Pa Pat/Con, n.% ORa (95% CI) Pa

Smoking status

Nonsmoker 42 (7.6)/167 (25.1) 1(Ref.) 33 (6.0)/62 (9.3) 2.190 (1.257–3.816) 0.006

Smoker 154 (27.9)/255 (38.3) 2.098 (1.402–3.140) ,0.001 323 (58.5)/182 (27.3) 5.875 (3.950–8.739) ,0.001

# 20 pk-yr 43 (7.8)/139 (20.9) 0.990 (0.601–1.629) 0.968 54 (9.8)/89 (13.4) 1.736 (1.048–2.875) 0.032

. 20 pk-yr 111 (20.1)/116 (17.4) 3.515 (2.265–5.457) ,0.001 269 (48.7)/93 (14.0) 9.995 (6.514–15.336) ,0.001

Alcohol drinking

No 76 (13.8)/221 (33.2) 1(Ref.) 93 (16.8)/116 (17.4) 2.008(1.361–2.963) 0.001

Yes 120 (21.7)/72 (30.2) 1.414 (0.989–2.020) 0.057 263 (47.6)/76 (19.2) 4.518 (3.181–6.415) ,0.001

# 60 DI 27 (4.9)/109 (16.4) 0.616 (0.371–1.021) 0.060 61 (11.1)/76 (11.4) 1.752(1.126–2.725) 0.013

. 60 DI 93 (16.8)/92 (13.8) 2.312 (1.548–3.454) ,0.001 202 (36.6)/52 (7.8) 8.668 (5.728–13.116) ,0.001

C.G rs1056836

CC CG+GG

Pat/Con, n.% ORa (95% CI) Pa Pat/Con, n.% ORa (95% CI) Pa

Smoking status

Nonsmoker 60 (10.9)/173 (26.0) 1(Ref.) 15 (2.3)/56 (8.4) 0.735 (0.380–1.422) 0.360

Smoker 408 (73.9)/328 (49.2) 2.959 (2.107–4.154) ,0.001 69 (10.4)/109 (16.4) 1.542 (1.001–2.376) 0.050

# 20 pk-yr 85 (15.4)/176 (26.4) 1.050 (0.696–1.584) 0.816 12 (1.8)/52 (7.8) 0.408 (0.190–0.873) 0.021

. 20 pk-yr 323 (58.5)/152 (22.8) 5.183 (3.598–7.467) ,0.001 57 (8.6)/57 (8.6) 2.685 (1.659–4.344) ,0.001

Alcohol drinking

No 132 (23.9)/250 (37.5) 1(Ref.) 37 (6.7)/87 (13.1) 0.749 (0.474–1.183) 0.215

Yes 336 (60.9)/251 (37.7) 2.047 (1.547–2.710) ,0.001 47 (8.5)/78 (11.7) 0.930 (0.604–1.432) 0.930

# 60 DI 70 (12.7)/148 (22.2) 0.750 (0.520–1.083) 0.125 18 (3.3)/37 (5.6) 0.751 (0.406–1.139) 0.362

. 60 DI 266 (48.2)/103 (15.5) 3.897 (2.821–5.382) ,0.001 29 (5.3)/41 (6.1) 1.111 (0.652–1.895) 0.698

G.C rs3813867

GG GC+CC

Pat/Con, n.% ORa (95% CI) Pa Pat/Con, n.% ORa (95% CI) Pa

Smoking status

Nonsmoker 52 (9.4)/188 (28.2) 1 (Ref.) 23 (4.2)/41 (6.2) 2.509 (1.363–4.621) 0.003

Smoker 366 (66.3)/376 (56.5) 3.044 (2.143–4.322) ,0.001 111 (20.1)/61 (9.2) 5.508 (3.508–8.648) ,0.001

# 20 pk-yr 65 (11.8)/205 (30.8) 0.921 (0.312–8.719) 0.711 32 (5.8)/23 (3.5) 3.409 (1.776–6.543) ,0.001

. 20 pk-yr 301 (54.5)/171 (25.7) 5.764 (3.960–8.391) ,0.001 79 (14.3)/38 (5.7) 7.029 (4.224–11.694) ,0.001

Alcohol drinking

No 115 (20.8)/291 (43.7) 1(Ref.) 54 (9.8)/46 (6.9) 3.630(2.254–5.847) ,0.001

Yes 303 (54.9)/273 (41.0) 2.136 (1.515–3.012) ,0.001 80 (14.5)/56 (5.6) 2.099 (1.094–4.028) 0.026

# 60 DI 65 (11.8)/145 (21.8) 0.990 (0.680–1.440) 0.956 23 (4.2)/40 (6.0) 1.162 (0.654–2.066) 0.608

. 60 DI 238 (43.1)/128 (19.2) 3.891 (2.840–5.331) ,0.001 57 (10.3)/16 (2.4) 7.414 (4.040–13.604) ,0.001

Ref: used as reference values. ORC: Crude Odds Ratio; ORa: Odds Ratio adjusted by logic regression based on age, gender, smoking, and drinking status; 95% CI: 95%
confidence interval.
doi:10.1371/journal.pone.0106580.t005
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increased risk for laryngeal cancer, and is therefore a genetic factor

for laryngeal cancer susceptibility (Table 3).

Our haplotype analyses showed that G355C4326G21293 was the

most common haplotype found in both the patient and control

groups (Table 4), and also confirmed that both mutation alleles,

CYP1B1*2 355T and CYP2E1*5 -1293C, are high risk genetic

factors for developing laryngeal cancer, while the mutation allele

CYP1B1*3 4326G is a protective genetic factor. These findings

suggest that the wild type allele CYP1B1*3 4326C might be a high

risk genetic factor for laryngeal cancer. The haplotype

T355C4326C21293, which includes all three high risk alleles, was

associated with a significantly higher risk for laryngeal cancer

compared to other haplotypes and other single-locus genotypes,

suggesting the role a gene-gene interaction in development of

laryngeal cancer. Haplotype G355G4326G21293 was associated with

a lower laryngeal cancer risk than haplotype G355C4326G21293,

which is consistent with the protective effect of the CYP1B1*3

4326G allele, and also suggested an additive genetic effect among

these alleles. Our analyses of these haplotypes and genotypes

showed that the laryngeal cancer risk increased along with

increasing numbers of high risk alleles, and decreased when more

protective alleles were present. These analyses not only confirmed

the risk effect of each individual allele as seen by single allele

analyses, but also suggested an additive joint effect of all three

alleles.

Epidemiological studies have shown that environmental factors,

especially smoking and alcohol consumption, play important roles

in cancer development. Pro-carcinogens such as PAH, HAA,

aromatic amines, N-nitrosamine, and nitrated polycyclic aromatic

hydrocarbons derived from tobacco and acetaldehyde produced

by alcohol metabolism can be activated and be metabolized to

form carcinogens by various cytochrome P450 enzymes [38,39].

Our study results showed that smoking and alcohol consumption,

especially heavy smoking and high alcohol consumption, are

associated with a significantly increased risk for developing

laryngeal cancer (Table 5). Analyses for the joint effect of the

three SNPs plus smoking/drinking on the risk for laryngeal cancer

revealed that smokers with two of the aforementioned high risk

alleles (mutation allele CYP1B1*2 355T and wild type allele

CYP1B1*3 4326C) were at a significantly increased risk for

developing laryngeal cancer (Table 5). Additionally, this risk was

much greater than the risk conferred by either factor alone,

suggesting that when combined with tobacco exposure, the two

alleles had a synergistic effect for increasing the risk for laryngeal

cancer. CYP1B1 is an inducible metabolic enzyme responsible for

activation of multiple pro-carcinogens, and CYP1B1 translation is

regulated by aryl hydrocarbon receptor (AhR), AhR nuclear

translocator (ARNT), and Sp1 transcription factor [32]. Thus, the

higher risk for laryngeal cancer found in smokers or drinkers

carrying alleles CYP1B1*2 355T and CYP1B1*3 4326C might

result from the fact that exposure to tobacco or alcohol not only

leads to high cellular levels of pro-carcinogens derived from the

tobacco and alcohol metabolism, but also results from increased

expression and activity of P-450 metabolic enzymes that are

modulated through various positive feedback mechanisms. Chem-

icals such as ethanol, aromatic agents, and nitrosamine derived

from tobacco and alcohol metabolism are also substrates and

inducers for CYP2E1 [40]; however, only a limited number of

studies have been conducted examining the cross-interactions

between genetic factors and smoking or drinking. Our data

showed that the joint effects of CYP2E1*5 G-1293C and smoking

or drinking on laryngeal cancer risk are not significantly different

from the effects of individual genetic or environmental factors

(Table 5). Additionally, our results showed no collaborative effect

between CYP2E1*5 G-1293C and smoking/drinking, which is

consistent with the results of a meta-analysis reported by Tang

et al. [37].

It is also noticed that the numbers of study subjects with some

genotypes such as CYP1B1*2 355TT and CYP1B1*3 4326GG are

small although total case volume is relative large in our study. This

limitation caused by these rare variant alleles inevitably restricted

statistical power to detect low ORs in current study. Further

studies with larger case volume are needed to overcome this

limitation.

In summary, our case-control study showed that genetic

polymorphisms of CYP1B1 and CYP2E1 are closely associated

with an individual’s susceptibility to developing laryngeal cancer.

Analyses for the effect of each individual allele and the combined

effect of multiple alleles demonstrated that mutation alleles

CYP1B1*2 G355T and CYP2E1*5 G-1293C are associated with

an increased risk for developing laryngeal cancer, and mutation

allele CYP1B1*3 4326G exerts a protective effect against laryngeal

cancer. An additive joint effect was conferred by having multiple

high risk alleles, and presented as a higher laryngeal cancer risk

with the more risky alleles. Our results show that both smoking

and drinking play important roles in laryngeal cancer develop-

ment, and are associated with higher risks with increasing levels of

exposure. Finally, the combination of genetic and environmental

Table 6. Multivariate prognostic analyses for the effect of risk factor interaction on laryngeal cancer risk.

OR 95% CI P

smoking 2.415 1.769–3.297 ,0.001

drinking 1.765 1.366–2.279 ,0.001

rs1056827 2.420 1.881–3.113 ,0.001

rs1056836 0.642 0.471–0.874 0.005

rs3813867 1.465 1.066–2.013 0.019

smoke * rs1056827 2.352 1.705–3.245 ,0.001

drink * rs1056827 2.081 1.479–2.929 ,0.001

smoke * rs1056836 2.187 1.658–2.884 ,0.001

drink * rs1056836 1.782 1.367–2.324 ,0.001

The mutant genotype (CG/GG) was used as a control to calculate the interactive effect of rs1056836 and smoke/drink.
doi:10.1371/journal.pone.0106580.t006
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factors (smoking and drinking) produced a synergistic effect rather

than a simple additive effect on susceptibility to laryngeal cancer.
Author Contributions

Conceived and designed the experiments: LN QB. Performed the

experiments: JJ FL SL. Analyzed the data: QB. Wrote the paper: JJ FL.

References

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, et al. (2011) Global cancer

statistics. CA Cancer J Clin 61: 69–90.
2. Ohshima H, Tazawa H, Sylla BS, Sawa T (2005) Prevention of human cancer

by modulation of chronic inflammatory processes. Mutat Res 591: 110–122.
3. Hashibe M, Brennan P, Benhamou S, Castellsague X, Chen C, et al. (2007)

Alcohol drinking in never users of tobacco, cigarette smoking in never drinkers,

and the risk of head and neck cancer: pooled analysis in the International Head
and Neck Cancer Epidemiology Consortium. J Natl Cancer Inst 99: 777–789.

4. Buters JT, Mahadevan B, Quintanilla-Martinez L, Gonzalez FJ, Greim H, et al.
(2002) Cytochrome P450 1B1 determines susceptibility to dibenzo[a,l]pyrene-

induced tumor formation. Chem Res Toxicol 15: 1127–1135.

5. Ghoshal U, Tripathi S, Kumar S, Mittal B, Chourasia D, et al. (2013) Genetic
polymorphism of cytochrome P450 (CYP) 1A1, CYP1A2, and CYP2E1 genes

modulate susceptibility to gastric cancer in patients with Helicobacter pylori
infection. Gastric Cancer.

6. Shimada T, Fujii-Kuriyama Y (2004) Metabolic activation of polycyclic
aromatic hydrocarbons to carcinogens by cytochromes P450 1A1 and 1B1.

Cancer Sci 95: 1–6.

7. Guengerich FP, Kim DH, Iwasaki M (1991) Role of human cytochrome P-450
IIE1 in the oxidation of many low molecular weight cancer suspects. Chem Res

Toxicol 4: 168–179.
8. Roos PH, Bolt HM (2005) Cytochrome P450 interactions in human cancers:

new aspects considering CYP1B1. Expert Opin Drug Metab Toxicol 1: 187–

202.
9. Ingelman-Sundberg M, Johansson I, Yin H, Terelius Y, Eliasson E, et al. (1993)

Ethanol-inducible cytochrome P4502E1: genetic polymorphism, regulation, and
possible role in the etiology of alcohol-induced liver disease. Alcohol 10: 447–

452.

10. Shimada T, Watanabe J, Kawajiri K, Sutter TR, Guengerich FP, et al. (1999)
Catalytic properties of polymorphic human cytochrome P450 1B1 variants.

Carcinogenesis 20: 1607–1613.
11. Aklillu E, Oscarson M, Hidestrand M, Leidvik B, Otter C, et al. (2002)

Functional analysis of six different polymorphic CYP1B1 enzyme variants found
in an Ethiopian population. Mol Pharmacol 61: 586–594.

12. Shimada T, Watanabe J, Inoue K, Guengerich FP, Gillam EM (2001) Specificity

of 17beta-oestradiol and benzo[a]pyrene oxidation by polymorphic human
cytochrome P4501B1 variants substituted at residues 48, 119 and 432.

Xenobiotica 31: 163–176.
13. Helmig S, Seelinger JU, Philipp-Gehlhaar M, Dohrel J, Schneider J (2010)

Cyp1B1 mRNA expression in correlation to cotinine levels with respect to the

Cyp1B1 L432V gene polymorphism. Eur J Epidemiol 25: 867–873.
14. Harth V, Schafer M, Abel J, Maintz L, Neuhaus T, et al. (2008) Head and neck

squamous-cell cancer and its association with polymorphic enzymes of
xenobiotic metabolism and repair. J Toxicol Environ Health A 71: 887–897.

15. Singh AP, Shah PP, Mathur N, Buters JT, Pant MC, et al. (2008) Genetic
polymorphisms in cytochrome P4501B1 and susceptibility to head and neck

cancer. Mutat Res 639: 11–19.

16. Xu W, Zhou Y, Hang X, Shen D (2012) Current evidence on the relationship
between CYP1B1 polymorphisms and lung cancer risk: a meta-analysis. Mol

Biol Rep 39: 2821–2829.
17. Chen B, Qiu LX, Li Y, Xu W, Wang XL, et al. (2010) The CYP1B1 Leu432Val

polymorphism contributes to lung cancer risk: evidence from 6501 subjects.

Lung Cancer 70: 247–252.
18. Salinas-Sanchez AS, Donate-Moreno MJ, Lopez-Garrido MP, Gimenez-Bachs

JM, Escribano J (2012) Role of CYP1B1 gene polymorphisms in bladder cancer
susceptibility. J Urol 187: 700–706.

19. Teng Y, He C, Zuo X, Li X (2013) Catechol-O-methyltransferase and
cytochrome P-450 1B1 polymorphisms and endometrial cancer risk: a meta-

analysis. Int J Gynecol Cancer 23: 422–430.

20. Zhang H, Li L, Xu Y (2013) CYP1B1 polymorphisms and susceptibility to
prostate cancer: a meta-analysis. PLoS One 8: e68634.

21. Ulusoy G, Arinc E, Adali O (2007) Genotype and allele frequencies of

polymorphic CYP2E1 in the Turkish population. Arch Toxicol 81: 711–718.
22. Gajecka M, Rydzanicz M, Jaskula-Sztul R, Kujawski M, Szyfter W, et al. (2005)

CYP1A1, CYP2D6, CYP2E1, NAT2, GSTM1 and GSTT1 polymorphisms or
their combinations are associated with the increased risk of the laryngeal

squamous cell carcinoma. Mutat Res 574: 112–123.

23. Cury NM, Russo A, Galbiatti AL, Ruiz MT, Raposo LS, et al. (2012)
Polymorphisms of the CYP1A1 and CYP2E1 genes in head and neck squamous

cell carcinoma risk. Mol Biol Rep 39: 1055–1063.
24. Ruwali M, Khan AJ, Shah PP, Singh AP, Pant MC, et al. (2009) Cytochrome

P450 2E1 and head and neck cancer: interaction with genetic and

environmental risk factors. Environ Mol Mutagen 50: 473–482.
25. Sun Q, Li QX, Song XF, Zheng SG, Yan F, et al. (2012) [Impact of CACNA1C

polymorphisms on antihypertensive efficacy of calcium channel blocker].
Zhonghua Xin Xue Guan Bing Za Zhi 40: 3–7.

26. Ickstadt K, Schafer M, Fritsch A, Schwender H, Abel J, et al. (2008) Statistical
methods for detecting genetic interactions: a head and neck squamous-cell

cancer study. J Toxicol Environ Health A 71: 803–815.

27. Yoo W, Ference BA, Cote ML, Schwartz A (2012) A Comparison of Logistic
Regression, Logic Regression, Classification Tree, and Random Forests to

Identify Effective Gene-Gene and Gene-Environmental Interactions. Int J Appl
Sci Technol 2: 268.

28. Tai J, Yang M, Ni X, Yu D, Fang J, et al. (2010) Genetic polymorphisms in

cytochrome P450 genes are associated with an increased risk of squamous cell
carcinoma of the larynx and hypopharynx in a Chinese population. Cancer

Genet Cytogenet 196: 76–82.
29. Guo L, Zhang C, Guo X (2012) Association of genetic polymorphisms of

aldehyde dehydrogenase-2 and cytochrome P450 2E1-RsaI and alcohol

consumption with oral squamous cell carcinoma. Zhongguo Yi Xue Ke Xue
Yuan Xue Bao 34: 390–395.

30. Jaworowska E, Masojc B, Tarnowska C, Brzosko M, Flicinski J, et al. (2006)
Association between early-onset breast and laryngeal cancers. Breast Cancer Res

Treat 97: 215–219.
31. Shah PP, Singh AP, Singh M, Mathur N, Mishra BN, et al. (2008) Association of

functionally important polymorphisms in cytochrome P4501B1 with lung

cancer. Mutat Res 643: 4–10.
32. Sissung TM, Price DK, Sparreboom A, Figg WD (2006) Pharmacogenetics and

regulation of human cytochrome P450 1B1: implications in hormone-mediated
tumor metabolism and a novel target for therapeutic intervention. Mol Cancer

Res 4: 135–150.

33. Ko Y, Abel J, Harth V, Brode P, Antony C, et al. (2001) Association of CYP1B1
codon 432 mutant allele in head and neck squamous cell cancer is reflected by

somatic mutations of p53 in tumor tissue. Cancer Res 61: 4398–4404.
34. Trubicka J, Grabowska-Klujszo E, Suchy J, Masojc B, Serrano-Fernandez P,

et al. (2010) Variant alleles of the CYP1B1 gene are associated with colorectal
cancer susceptibility. BMC Cancer 10: 420.

35. Wu RM, Cheng CW, Chen KH, Shan DE, Kuo JW, et al. (2002) Genetic

polymorphism of the CYP2E1 gene and susceptibility to Parkinson’s disease in
Taiwanese. J Neural Transm 109: 1403–1414.

36. Lu D, Yu X, Du Y (2011) Meta-analyses of the effect of cytochrome P450 2E1
gene polymorphism on the risk of head and neck cancer. Mol Biol Rep 38:

2409–2416.

37. Tang K, Li Y, Zhang Z, Gu Y, Xiong Y, et al. (2010) The PstI/RsaI and DraI
polymorphisms of CYP2E1 and head and neck cancer risk: a meta-analysis

based on 21 case-control studies. BMC Cancer 10: 575.
38. Huang LP, Gao LH (2010) Human Cytochrome CYP1B1 Gene Expression and

Cancer. Journal of Changchun Normal University (Natural Science) 6: 57–61.
39. Wang XD (2005) Alcohol, vitamin A, and cancer. Alcohol 35: 251–258.

40. Bin B, Yan SF, Su XL (2009) Advances in research of genetic polymorphism of

cytochrome p4502E1. Chinese Journal of Cancer Prevention and Treatment 16:
315–318.

Association of CYP SNPs with Laryngeal Cancer

PLOS ONE | www.plosone.org 9 October 2014 | Volume 9 | Issue 10 | e106580


