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Abstract

Cytochrome P450 1A2 (CYP1A2) encodes a member of the cytochrome P450 superfamily of enzymes, which play a central
role in activating and detoxifying many carcinogens and endogenous compounds thought to be involved in the
development of colorectal cancer (CRC). The CYP1A2*C (rs2069514) and CYPTA2*F (rs762551) polymorphism are two of the
most commonly studied polymorphisms of the gene for their association with risk of CRC, but the results are conflicting. To
derive a more precise estimation of the relationship between CYP1A2 and genetic risk of CRC, we performed a
comprehensive meta-analysis which included 7088 cases and 7568 controls from 12 published case-control studies. In a
combined analysis, the summary per-allele odds ratio for CRC was 0.91 (95% Cl: 0.83-1.00, P =0.04), and 0.91 (95% ClI: 0.68-
1.22, P=0.53), for CYP1A2 *F and *C allele, respectively. In the subgroup analysis by ethnicity, significant associations were
found in Asians for CYP1A2*F and CYP1A2*C, while no significant associations were detected among Caucasian populations.
Similar results were also observed using dominant genetic model. Potential sources of heterogeneity were explored by
subgroup analysis and meta-regression. No significant heterogeneity was detected in most of comparisons. This meta-
analysis suggests that the CYP1A2 *F and *C polymorphism is a protective factor against CRC among Asians.
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and N-nitroso compounds (NOGs) [11]. High cooking tempera-
ture or prolonged duration of cooking favors the formation of
HCA [12]. A few epidemiological studies have considered
estimated levels of HCAs from diets high in well-done red meat
and overall support a role for HCAs in CRC [13,14]. Exposure to
NOCs can occur from exogenous sources, such as cured meats
with nitrites, or from endogenous formation due to nitrosating
agents that react with amines derived from red meat [15].
However, the relative contribution of each of these carcinogens to
CRC is still uncertain.

The influence of exposures on CRC development may be
affected by variation in biotransformation of carcinogens. The
cytochrome P450 (CYP)-dependent monooxygenase (Phase I
enzyme) represents the first line of defense against toxic chemicals.
CYPIA2 is the major enzyme involved in the metabolism of
HCAs and AAs [16] and phenotype studies have detected large
inter-individual variation of CYPIAZ2 expression in the liver [17].
In addition, variation in CYP1A2 activity in humans may be due

Introduction

Given its high prevalence and poor prognosis, colorectal cancer
(CRC) is very much a public health issue in industrialized Western
countries. In the European population it comprised 13.4% of all
newly diagnosed carcinomas in 2008 [1]. Most CRCs develop
through multiple mutations in the normal colonic mucosa and
evolve through the adenoma-carcinoma sequence [2,3]. Develop-
ment of sporadic colorectal adenomas and carcinomas has been
associated with several lifestyle factors, including cigarette smoking
[4,5] and dietary items such as red meat [6,7].

Cigarette smoke is a major source of a wide variety of
carcinogens, including nitrosamines, polycyclic hydrocarbons
(PAHs), aromatic amines (AAs) and heterocyclic aromatic amines
(HCAs) [8,9]. Carcinogens in cigarettes may reach the colorectal
mucosa through the circulatory system [10]. Long-term, heavy
cigarette smokers have a 2- to 3-fold elevated risk of colorectal
adenoma and the vast majority of studies in the past several years

show an association between cigarette use and CRC [4].
Carcinogens that form during the cooking or processing of meats
have been postulated as potential culprits for the association
between red meats and CRC risk. These include: HCAs, PAHs
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to various environmental exposures, including cigarette smoke
[18], genetic differences [19] or gene-gene interaction [20]. Two
polymorphisms of the CYPIA2 gene, CYPIA2¥1C (3858G—A) and
CYPIA2*1F (164A—C), have been examined to associate with
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reduced enzyme activity [18,21]. Associations between the two
polymorphisms and CRC have been independently replicated by
many studies [22-33]; however, a proportion of them have
produced contrary results. These disparate findings may be due
partly to insufficient power, ethnic diversity and publication biases.
We therefore performed a meta-analysis of the published studies to
clarify this inconsistency and to establish a comprehensive picture
of the relationship between (YPIA2 and CRC.

Materials and Methods

Literature Search Strategy and Inclusion Criteria

Papers published before the end of Dec. 2012 were identified
through a search of Pubmed, ISI Web of Science and Embase
using the following terms “colorectal” or “colo*,” “cancer” or
“tumor” or “carcinoma,” and “CYPIA2” or “cytochrome P450
1A2”, without restriction on language. All references cited in these
studies and previously published review articles were reviewed to
identify additional eligible studies. Only those studies assessing the
association between the CRC and the CYPIA2 gene polymor-
phisms were included. The inclusion criteria were (1) original
papers containing independent data, (2) identification of CRC was
confirmed pathologically or histologically, (3) sufficient data to
calculate the odds ratio (OR) or P-value and (4) case—control or
cohort studies. The major reasons for exclusion of studies were (1)
overlapping data and (2) case-only studies and review articles.

Data Extraction

For each study, the following information was extracted
independently by two investigators: first author’s surname,
publication date, gender, ethnicity, genotyping method, cigarette
smoking status, age, sex, confirmation of diagnosis, Hardy
Weinberg equilibrium (HWE) status, and genotype frequency in
cases and controls. The results were compared and disagreements
were discussed and resolved with consensus. Where essential
information was not presented in articles, every effort was made to
contact the authors.

Statistical Methods

The strength of the association between CYPIA2 polymor-
phisms and CRC risk was evaluated by the odds ratios (ORs) with
95% confidence intervals (Cls). The per-allele odds ratio (OR) of
the risk allele was compared between cases and controls. Then we
examined the association between risk genotype of the polymor-
phism and CRC susceptibility using dominant model. HWE in the
control group was assessed using Fisher’s exact test.

Cochran’s X? based Q-statistic [34] test and I*~test [35] was
performed to assess possible heterogeneity in the combined studies.
If heterogeneity existed, the random effects model (the DerSimo-
nian and Laird method) [36], which yields wider confidence
intervals, was adopted to calculate the overall OR value.
Otherwise, the fixed effects model (the Mantel-Haenszel method)
was used [37]. In addition, sources of heterogeneity were
investigated by stratified meta-analyses based on ethnicity
(Caucasian and Asian population), source of controls (population
and hospital based), sample size (No. cases =500 or <500). The
significance of the overall OR was determined by the Z-test.
Funnel plots and Egger’s linear regression test were used to assess
evidence for potential publication bias [38]. In order to assess the
stability of the result, sensitivity analyses were performed, each
study in turn was removed from the total, and the remaining were
reanalyzed. The analyses were carried out by using the Stata
software version 10.0 (Stata Corporation, College Station, TX).
The type I error rate was set at 0.05. All P-values were two-tailed.
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Results

Characteristics of Studies

The combined search yielded 85 references. Seventy-three
articles were excluded because they clearly did not meet the
criteria or overlapping references (Figure S1). Finally, a total of 12
studies with 7088 cases and 7568 controls examined the
association between the CYPIA2 polymorphism and CRC were
included in the current meta-analysis [22-33]. Among them, 11
studies were identified for the CYPIA2 *F polymorphism,
including a total of 6370 cases and 6837 controls, and for the
CYPIA2 *C polymorphism 5 studies were identified covering a
total of 1283 cases and 1205 controls. The genotype distributions
in the controls for all studies were consistent with HWE.
Characteristics of studies included in the current meta-analysis
are presented in Table 1.

CYP1A2*F and CRC Risk

Significant heterogeneity was present among the 11 studies of
the CYPIAZ*F polymorphism (P=0.01). Ethnicity (P=0.02) and
sample size (P=0.01) explained a large part of the heterogeneity,
whereas source of controls (P=0.21), mean age of cases (P=0.51)
and controls (P =0.14), and sex distribution of cases (P =0.53) and
controls (P=0.99) explained little heterogeneity. Using random
effect model, the per-allele overall OR of the A variant for CRC
was 0.91 (95% CI: 0.83-1.00, P =0.04; figure 1) with correspond-
ing results under dominant genetic model of 0.97 (95% CI: 0.89—
1.07, P=0.68).

In the stratified analysis by ethnicity, significant associations
were detected among Asians in all genetic models (allele contrast:
OR=0.76, 95% CI: 0.58-1.00; dominant model: OR =0.89,
95% CI: 0.77-0.99). However, we failed to detect any association
to CRC risk for Caucasians in all genetic models. By considering
control source subgroups, the OR was 0.99 (95% CI: 0.93-1.05,
P=0.71) in population-based controls compared to 0.69 (95% CI:
0.58-0.83, P<10~% in hospital controls. Subsidiary analyses of
sample size yielded a per-allele OR for small studies of 0.80 (95%
CI: 0.70-0.91, P=0.001), while no significant results were found
for large studies (Table 2).

A funnel plot of these 11 studies suggested a possibility of the
preferential publication of positive findings in smaller studies
(Egger test, P=10.03, Figure S2). Analysis restricted to the 4 studies
with at least 500 cases (total, 4512 cases and 4551 controls), which
should be less prone to selective publication than smaller studies,
yielded an OR of 1.02 (95% CI: 0.95-1.08, P=0.63). No
heterogeneity was present among the 4 studies of the CYPIAZ*F
polymorphism (P =0.93). Sensitivity analysis indicated that no
single study influenced the pooled OR qualitatively, suggesting
that the results of this meta-analysis are stable.

CYP1A2*C and CRC Risk

In the overall analysis, the risk G allele CYPIA2*C was not
significantly associated with elevated risk of CRC (Figure 2). When
studies were stratified for ethnicity, significant risks were found
among Asians in all genetic model (G allele: OR =0.84, 95% CI:
0.72-0.97, P=10.02; dominant model: OR =0.78, 95% CI: 0.65—
0.94, P=0.01). However, no significant association was found for
Caucasian populations in all genetic models. Further stratified
according to source of controls, no significant results were found in
all genetic models (Table 2).

The shape of the funnel plot did not indicate any evidence of
obvious asymmetry (Figure S3), thus suggesting no publication bias
among the studies included. Egger’s test was used to provide
further statistical evidence; similarly, the results showed no
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odds %
ratio (95% Cl) Weight
0.68 (0.47, 0.99) 4.70
1.01 (0.91, 1.11) 16.10
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0.88 (0.66, 1.18) 6.64
0.76 (0.58, 1.00) 14.27
0.91 (0.83, 1.00) 100.00
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Z

Figure 1. Forest plot from the meta-analysis of CYP71A2*F polymorphism and CRC risk.

doi:10.1371/journal.pone.0071481.g001

significant publication bias in this meta-analysis (Egger test,
P=0.14).

Discussion

This is the first comprehensive meta-analysis examined the
polymorphisms of CYPIA2 and genetic susceptibility to CRC. In
total, the meta-analysis involved 12 studies for CRC including
7088 cases and 7568 controls. Our results demonstrated
CYPIA2*F polymorphism is a protective factor against CRC.
Besides, significant association was also detected for the CYPIA2*C
polymorphism among Asians. As the sample size was considerably
smaller for Asian studies, so the results must be interpreted with
caution. Such result could be due to limited number of studies that
had insufficient statistical power to detect a slight effect or may
have generated a fluctuated risk estimate. Therefore, larger studies
of different ethnic populations, especially among Asians, are
needed to confirm our findings.

In meta-analysis, heterogeneity evaluation was always conduct-
ed in statistical analysis. Thus, several subgroup meta-analyses
were performed according to ethnicity, sample size, and control
source. After stratified by ethnicity, significant association was
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observed among Asians, but not among Caucasians, a possible
reflection of differences in genetic background and gene-
environment interactions in the etiology. In fact, the distribution
of the less common *F allele varies extensively between different
races, with a prevalence of ~35% among Asians, and ~27%
among Caucasians, suggesting a possible ethnic difference. On the
other hand, it is possible that variation at this locus has modest
effects on CRC, but environmental factors may predominate in
the progress of CRC, and mask the effects of this variation.
Specific environmental factors like lifestyle and cigarette smoking
have already been well studied in recent decades [28]. The
unconsidered factors mixed together may cover the role of
CYPIA2 polymorphism. Thus, even if the variation has a causal
effect on colorectal cancer, it may take a long time to be observed.
Finally, different populations usually have different linkage
disequilibrium patterns. A polymorphism may be in close linkage
with another nearby causal variant in one ethnic population but
not in another. In the stratified analysis by control source, we
found significant associations between CYPIAZ*F carriers and
CRC risk for detected in hospital-based studies but not in
population-based studies. This reason may be that the hospital-
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based studies have some biases because such controls may just
represent a sample of ill-defined reference population, and may
not be representative of the general population very well,
particularly when the genotypes under investigation were associ-
ated with the disease conditions that the hospital-based controls
may have. Therefore, using a proper and representative popula-
tion-based control subjects is very important to reduce biases in
such genetic association studies.

CYPIA?2 is an inducible phase I metabolizing enzyme which
plays a key role in the metabolism of HCAs [39]. The CYPIA2*F
(164A—C) polymorphism is common among Caucasians [21] and
it may explain the reported variation in (1PIA2 inducibility [19].
The A allele is associated with higher enzymatic activity compared
with the protein coded by the C allele [19]. Therefore, an effect
modification of this SNP on the effect of HCAs on CRC risk is
plausible. However, in which way the C allele affects inducibility
and enzyme activity is not clear. Studies of the CYPIAZ*F
polymorphism and protein activity in humans have reported
conflicting evidence. Both the A/A and any C allele had either no
effect [40-42], or increased, or decreased activity [19,21,30,43].
Various markers have been used to assess protein activity (urinary
caffeine metabolites, plasma metabolic ratio, urinary PhIP
metabolites, clozapine serum concentrations) which makes it
difficult to compare results from different studies. A Korean study
used the urinary caffeine challenge test to analyze the genotype
phenotype association and found that the CYPIA2 activity in
healthy smokers with the C allele was significantly higher than that
in individuals with the A/A genotype [30]. The genotype
frequencies of the CYPIAZ*F polymorphism in the Korean study
[30] were comparable to the result in this study and other
Caucasian studies [19,33]. To clarify the effect of CYPIAZ*F
polymorphism on activity, identical methods for measuring
activity should be used in additional studies to enhance our

PLOS ONE | www.plosone.org

Table 2. Main results of overall and subgroups in the meta-analysis.
Sub-group
Polymorphism analysis Allele contrast Dominant model
OR (95% ClI) P(Z) P(Q) 12 OR (95% Cl) P(2) P(Q) 2
CYP1A2*F (rs762551) Total 0.91 (0.83-1.00) 0.04 0.02 53.7% 0.97 (0.89-1.07) 0.68 0.58 50.9%
Ethnicity
Caucasian 0.94 (0.86-1.03) 0.20 0.05 50.0% 0.98 (0.84-1.11) 0.58 0.41 47.3%
Asian 0.76 (0.58-1.00) 0.04 0.20 37.9% 0.89 (0.77-0.99) 0.04 0.54 35.0%
Control source
Population 0.99 (0.93-1.05) 0.71 0.48 26.8% 1.00 (0.88-1.15) 0.97 0.94 0.0%
Hospital 0.69 (0.58-0.83) <107* 0.44 38.4% 0.86 (0.67-0.98) 0.01 0.13 17.0%
Sample size
<500 0.80 (0.70-0.91) 0.001 0.20 11.6% 0.74 (0.57-0.97) 0.03 0.42 0.0%
=500 1.02 (0.95-1.08) 0.63 0.93 0.0% 1.01 (0.88-1.17) 0.58 0.71 0.0%
CYP1A2*C (rs2069514) Total 0.91 (0.68-1.22) 0.53 0.14 42.2% 0.84 (0.59-1.21) 0.35 0.13 46.1%
Ethnicity
Caucasian 2.84 (0.24-34.23) 0.41 0.03 80.2% 2.85 (0.20-40.79) 0.44 0.02 66.3%
Asian 0.84 (0.72-0.97) 0.02 0.74 0.0% 0.78 (0.65-0.94) 0.01 0.86 0.0%
Control source
Population 2.53 (0.19-33.30) 0.48 0.01 45.5% 2.59 (0.17-38.81) 0.49 0.009 73.8%
Hospital 0.89 (0.66-1.22) 0.48 0.75 0.0% 0.76 (0.53-1.11) 0.16 0.83 0.0%
P(Z): Z test used to determine the significance of the overall OR; P(Z)<0.05 was considered statistically significant.
P(Q): Cochran'’s chi-square Q statistic test used to assess the heterogeneity between-studies; P(Q)<0.05 was considered statistically significant.
doi:10.1371/journal.pone.0071481.t002

understanding of the genotype—phenotype associations. The
CYPIA2*F polymorphism is located in intron 1 and variation in
activity may be due to both environmental exposures and gene—
gene interactions [20]. Unfortunately, very few of included studies
explore the interaction between CYPIA2 genotype and environ-
mental risk factor exposure such as smoking habits. This was
probably due to the low statistical power of the individual studies
to detect interactions. For, CYPIA2*C the functional significance
of the CYPIA2*C allele remains unclear. Some studies found
decreased enzyme activity or inducibility associated with the A
allele [18,44]. Other studies found no difference in the enzyme
activities or inducibility between the G and A alleles [21,45]. One
study reported the A allele was related to increased CYP1A2
activity [46]. Recently, Wang et al. [47] reported a meta-analysis
and found no association between C1PIA2*F and genetic
susceptibility to cancer among Asians. However, the Asian
population reports in the study include a mixture of various types
of cancer. As cancer is a complex and heterogeneous disease,
different types of cancer may have different biologic mechanisms
that underpin tumor heterogeneity. Thus, the effect of single
genetic factor on the risk of cancer may be more pronounced in
the presence of other common genetic or environmental risk
factors such as smoking, hepatitis virus infection. In addition, such
result could be due to limited number of included studies that had
insufficient statistical power to detect a slight effect. In the present
study, we focused on C1PIA2 and genetic susceptibility to CRC
which significantly decreased tumor heterogeneity. Furthermore,
we explored potential sources of heterogeneity across studies.
Besides, our results suggest an overestimation of the true genetic
association by small studies, consistent with the phenomenon
known as ‘winner’s curse’ [48,49].

Several limitations of this meta-analysis should be addressed.
Firstly, our results were based on unadjusted estimates, while a
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NOTE: Weights are from random effects analysis
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Figure 2. Forest plot from the meta-analysis of CYP7A2*C polymorphism and CRC risk.

doi:10.1371/journal.pone.0071481.g002

more precise analysis should be conducted if all individual raw
data were available, which would allow for the adjustment by
other co-variants including age, drinking status, cigarette con-
sumption and other lifestyle. Secondly, the sample size was still
relatively small for the stratified analysis. Thirdly, most of the
included studies have conducted on Caucasians and a few on
Asians, so that the results must be interpreted with caution.
Further studies concerning populations in other areas are required
to diminish the ethnic variation produced biases.

In conclusion, this meta-analysis suggested that the CYPIA2*C
and CYPIAZ*F polymorphism was associated with decreased CRC
risk for Asian populations. It is also known that the pathogenesis of
CRC is complex and polygenetic in the vast majority of patients,
with several genes, each with a small to moderate effect, acting
individually, together or in association with important environ-
mental determinants. Larger studies of different ethnic popula-
tions, especially with detailed individual information, are needed
to confirm our findings.

Supporting Information

Figure S1 Flow chart of literature search for studies
examining CYPIA2 gene polymorphism and risk of CRC.
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(TIF)

Figure S2 Funnel plot of studies of the CYPIA2*F
polymorphism and CRC showing a possible excess of
smaller studies with strikingly positive findings beyond
the 95% CI.

(TIF)

Figure S3 Funnel plot for the association between and
CYPIA2*C and CRC risk; Egger’s test was also per-
formed to investigate the symmetry of the funnel plot
(P=0.14).

(TTEF)

Checklist S1

(DOC)
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