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Abstract Studies investigating the association between cyto-
chrome P450 1B1 (CYP1B1) Leu432Val (432 C/G, rs1056836)
polymorphism and colorectal cancer (CRC) risk report
conflicting results. The aim of this study was to quantitatively
summarize the evidence for such a relationship. Two
investigators independently searched the Medline, Embase,
China National Knowledge Infrastructure, and Chinese Bio-
medicine Databases. Summary odds ratios (ORs) and 95%
confidence intervals (95% CIs) for CYP1B1 polymorphism
and CRC were calculated in a fixed-effects model and a
random-effects model when appropriate. The pooled ORs
were performed for co-dominant model (GG vs. CC, GC vs.
CC), dominant model (GG+GC vs. CC), and recessive model
(GG vs. GC+CC). This meta-analysis included ten case–
control studies, which included 8,466 CRC cases and 9,301
controls. Overall, the variant genotypes (GG and GC) of the
432 C/G were not associated with CRC risk when compared
with the wild-type CC homozygote (GG vs. CC, OR01.01,
95% CI00.93–1.10; GC vs. CC, OR00.97, 95% CI00.90–
1.04), without any between-study heterogeneity. Similarly, no
associations were found in the dominant and recessive models
(dominant model, OR00.98, 95% CI00.92–1.05; recessive
model, OR01.03, 95% CI00.96–1.11). Limiting the analysis
to the studies within Hardy–Weinberg equilibrium, the results
were persistent and robust. When stratifying for country,
matched control and source of controls, no evidence of sig-
nificant association was observed in any subgroup. No publi-
cation bias was found in the present study. No association is

found between the CYP1B1 Leu432Val polymorphism and
risk of CRC among Caucasians.
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Introduction

Colorectal cancer (CRC) is one of the most common forms
of cancer and is the third leading cause of cancer-related
death worldwide [1]. In 2010, an estimated 142,570 new
cases will be diagnosed and 51,370 deaths will occur [1].
CRC is a serious problem for public health in many countries.
However, the mechanism of colorectal carcinogenesis is still
not fully understood. As with other complex diseases, CRC is
caused by both genetic and environmental factors [2]. Twin
study indicates that about 35% of all colorectal cancer can be
ascribed to inherited genetic susceptibility [2]. Because well-
recognized genetic predisposition syndromes account for less
than 3% of colorectal cancer, low-penetrance genetic factors
alone or in combination with environmental factors probably
contribute to colorectal cancer development [3].

Cytochromes P450 (CYPs) are the most important
enzymes involved in the phase I of biotransformation. CYPs
catalyze a large number of reactions modifying dietary and
smoking-derived pre-carcinogens and participate in the
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metabolism of endogenous compounds including hormones
and bile acids [4]. Cytochrome P450 1B1 (CYP1B1) is a key
P450 enzyme implicated in the metabolism of exogenous and
endogenous substrates [5]. A variety of studies have demon-
strated that the metabolism of polycyclic aromatic hydrocar-
bons and other procarcinogens through CYP1B1 may well
lead to the activation of the carcinogenic compounds [6, 7].

To date, no prospective studies have been done to evaluate
the relationship between the CYP1B1 polymorphisms and the
risk of CRC. A number of case–control studies were con-
ducted to investigate the association between CYP1B1
Leu432Val (432 C/G, rs1056836) polymorphism and CRC
risk in humans. However, the results of these studies are
confusing rather than conclusive. No quantitative summary
of the evidence has ever been performed. The purpose of this
meta-analysis was to quantitatively summarize the evidence
for such a relationship.

Materials and methods

Publication search

We searched the PubMed, Embase, China National Knowledge
Infrastructure, and Chinese Biomedicine databases for all
articles on the association between CYP1B1 polymorphisms
and CRC risk (last search update 1 October 2011). The follow-
ing keywords were used: “colorectal” or “colo*,” “cancer” or
“tumor” or “carcinoma,” “CYP1B1” or “cytochrome P450
1B1,” and “polymorphism” or “variant.” The search was with-
out restriction on language, conducted on human subject.
The reference lists of reviews and retrieved articles were
hand-searched at the same time. We did not consider
abstracts or unpublished reports. If more than one article
was published by the same author using the same case
series, we selected the study where the most individuals
were investigated.

Inclusion and exclusion criteria

We reviewed abstracts of all citations and retrieved studies. The
following criteria were used to include published studies: (a)

case–control studies were conducted to evaluate the association
between CYP1B1 Leu432Val polymorphism and CRC risk,
(b) sufficient genotype data were presented to calculate the
odds ratios (ORs) and 95% confidence intervals (CIs), and (c)
the paper should clearly describe CRC diagnoses and the
sources of cases and controls. Major reasons for exclusion of
studies were (a) no control, (b) duplicate, and (c) no sufficient
data were reported.

Data extraction

Two investigators (Yong X and Guo-Qing L) extracted
information from all eligible publications independently
according to the inclusion criteria listed above. Disagreements
were resolved by discussion between the two investigators.
The following characteristics were collected from each study:
first author, year of publication, country of the first or
corresponding author, ethnicity, number of cases and controls,
study design, genotyping methods, matching variables, minor
allele frequency in controls, and evidence of Hardy–Weinberg
equilibrium (HWE) (Table 1).

Statistical analysis

We first assessed HWE in the controls for each study using
goodness-of-fit test (chi-square or Fisher’s exact test) and a
P<0.05 was considered as significant disequilibrium. The
strength of the association between CRC and the CYP1B1
Leu432Val polymorphism was estimated using ORs, with
the corresponding 95% CIs. The pooled ORs were per-
formed for co-dominant model (GG vs. CC, GC vs. CC),
dominant model (GG+GC vs. CC), and recessive model
(GG vs. GC+CC). We also carried out the stratified analyses
by country, matched control (yes/no), HWE in controls (yes/
no), and source of controls.

Both the Cochran’s Q statistic [10] to test for hetero-
geneity and the I2 statistic to quantify the proportion of
the total variation due to heterogeneity [11] were calculated. A
P value of more than the nominal level of 0.10 for the Q
statistic indicated a lack of heterogeneity across studies,
allowing for the use of a fixed-effects model (the Mantel–
Haenszel method) [12]; otherwise, the random-effects
model (the DerSimonian and Laird method) was used
[13]. Sensitivity analysis was performed to assess the stability
of results.

Several methods were used to assess the potential publica-
tion bias. Visual inspection of funnel plot asymmetry was
conducted. The Begg’s rank correlation method [14] and the
Egger’s weighted regression method [15] were used to statis-
tically assess publication bias (P<0.05 was considered statis-
tically significant). All analyses were done using STATA
software, version 11.0 (STATA Corp., College Station, TX,
USA). All the P values were two-sided.
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CYP1B1 gene is located on chr2p22–p21, and there are at
least 179 different polymorphism sites in the gene (http:// ncbi.
nlm.nih.gov/dbSNP). Of the most studied single-nucleotide
polymorphisms, four are reported to result in amino acid sub-
stitutions, and they are rs10012 (Arg48Gly), rs1056827
(Ala119Ser), rs1056836 (Leu432Val), and rs1800440
(Asn453Ser). Importantly, these polymorphic variants have
been associated with enhanced catalytic activity when com-
pared to the wild-type allele [8, 9]; it has been postulated that
this functional finding may confer susceptibility toward cancer
at a certain extent [9].



Results

Characteristics of studies

We identified 65 relevant studies when searched the databases.
Fifteen publications described the association between
CYP1B1 polymorphism and CRC, and their full text were
retrieved and carefully studied. Finally, a total of ten eligible
studies involving 8,466 cases and 9,301 controls were included
in the pooled analyses [3, 16–24]. The characteristics of

selected studies are summarized in Table 1. There were ten
studies of Caucasian patients, no study of African patients and
Asian patients. Studies had been carried out in UK, Spain,
Canada, Czech, Polish, German, and France. The cases defi-
nition used in the individual studies were pathologically or
histologically diagnosed with CRC. Controls were mainly
healthy populations and matched for age and/or sex, of which
seven were population-based and three were hospital-based.
The distribution of genotypes in the controls of all studies was
in agreement with HWE except for two studies [19, 22].

Table 1 Characteristics of studies included in this meta-analysis

First author [Ref.] Year Country Study No. of Case Control Matching criteria MAF HWE

design case/control CC CG GG CC CG GG

Sachse et al.[24] 2002 UK PCC 490/593 141 258 91 187 283 123 Age, sex 0.45 Yes

Landi et al. [23] 2005 Spain HCC 343/299 128 151 64 101 139 59 – 0.43 Yes

Bethke et al. [22] 2007 UK PCC 2,559/2,695 519 1,277 763 538 1,365 792 – 0.55 Yes

Küry et al [21] 2007 France PCC 1,013/1,118 317 507 189 368 576 174 Sex, 5-year age, and
geographic origins

0.41 No

Cotterchio et al. [20] 2008 Canada PCC 831/1,248 283 382 166 407 604 237 Sex and 5-year age 0.43 Yes

Hlavata et al. [17] 2010 Czech HCC 495/495 174 237 84 155 262 78 Age (±2.5 years) 0.42 Yes

Northwood et al. [19] 2010 UK HCC 308/296 98 150 60 93 140 63 – 0.45 Yes

Trubicka et al. [18] 2010 Polish PCC 597/597 214 275 108 206 265 127 Sex and age 0.43 No

Cleary et al. [3] 2010 Canada PCC 1,162/1,291 391 547 224 424 617 250 Sex and 5-year age 0.43 Yes

Rudolph et al. [16] 2011 German PCC 668/669 220 320 128 224 339 106 Sex, 5-year age, and county
of residence

0.41 Yes

Ref. reference, PCC population-based case–control, HCC hospital-based case–control, MAF minor allele frequency in control, HWE Hardy–
Weinberg equilibrium in control

Table 2 Stratified analyses of the CYP1B1 Leu432Val polymorphism on colorectal cancer risk

Variables N GG vs. CC GC vs. CC Dominant model Recessive model

OR (95% CI) Pa OR (95% CI) Pa OR (95% CI) Pa OR (95% CI) Pa

Total 10 1.01 (0.93, 1.10) 0.63 0.97 (0.90, 1.04) 0.79 0.98 (0.92, 1.05) 0.85 1.03 (0.96, 1.11) 0.41

Study design

HCC 3 0.91 (0.72, 1.16) 0.93 0.87 (0.72, 1.05) 0.61 0.88 (0.74, 1.05) 0.77 0.98 (0.79, 1.22) 0.72

PCC 7 1.03 (0.94, 1.12) 0.41 0.98 (0.91, 1.06) 0.80 1.00 (0.93, 1.07) 0.85 1.03 (0.96, 1.12) 0.21

Matched control

Yes 7 1.03 (0.93, 1.15) 0.41 0.97 (0.89, 1.06) 0.56 0.99 (0.91, 1.07) 0.66 1.05 (0.95, 1.15) 0.21

No 3 0.97 (0.85, 1.12) 0.77 0.96 (0.85, 1.09) 0.77 0.96 (0.86, 1.08) 0.75 1.00 (0.90, 1.12) 0.77

HWE in controls

Yes 8 1.00 (0.91, 1.10) 0.93 0.96 (0.89, 1.03) 0.66 0.97 (0.90, 1.04) 0.83 1.02 (0.95, 1.11) 0.76

No 2 1.03 (0.67, 1.57) 0.04 1.01 (0.87, 1.18) 0.89 1.02 (0.89, 1.18) 0.37 1.02 (0.68, 1.53) 0.03

Country

UK 3 0.99 (0.86, 1.13) 0.92 1.02 (0.90, 1.15) 0.38 1.01 (0.90, 1.13) 0.60 0.99 (0.89, 1.10) 0.55

Canada 2 0.99 (0.83, 1.17) 0.83 0.94 (0.82, 1.07) 0.69 0.95 (0.84, 1.08) 0.82 1.03 (0.88, 1.19) 0.65

Others 5 1.06 (0.91, 1.22) 0.18 0.95 (0.85, 1.06) 0.67 0.97 (0.88, 1.08) 0.52 1.09 (0.96, 1.24) 0.15

N number of comparisons
aP value ofQ test for heterogeneity test. Random-effects model was used when P value for heterogeneity test <0.1; otherwise, fixed-effects model was used
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Quantitative synthesis

Table 2 listed the main results of this meta-analysis, and Fig. 1
showed the association of CRC risk with CYP1B1 Leu432Val
polymorphism. Overall, the variant genotypes (GG and GC)
of the 432 C/G were not associated with CRC risk when

compared with the wild-type CC homozygote (GG vs. CC,
OR01.01, 95% CI00.93–1.10; GC vs. CC, OR00.97, 95%
CI00.90–1.04), without any between-study heterogeneity.
Similarly, no associations were observed in the dominant
and recessive models (dominant model, OR00.98, 95% CI0
0.92–1.05; recessive model, OR01.03, 95% CI00.96–1.11).

Fig. 1 Forest plots of ORs with 95% CIs for CYP1B1 Leu432Val
polymorphism and risk for CRC. The center of each square represents
the OR, the area of the square is the number of sample and thus the

weight used in the meta-analysis, and the horizontal line indicates the
95% CI a GG vs. CC, b GC vs. CC, c GG+GC vs. CC, and d GG vs.
GC+CC
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On the basis of the potential underestimation of the true
effect of the polymorphism on the CRC risk, we stratified
these studies according to country, matched control, source of
controls, and HWE in controls. Different countries were cate-
gorized as UK, Canada, and others. Different source of controls
were defined as hospital-based case–control (HCC) and
population-based case–control (PCC). In stratified analyses,
the variant genotypes (GG and GC) had no significant

relationship with CRC in all of the subgroups, compared with
wild-type. The similar results were observed in the recessive
model and the dominant model (Table 2).

Heterogeneity and sensitivity analyses

Significant heterogeneity between studies was not observed
in overall comparisons and main subgroup analyses. In the

Fig. 1 (continued)
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sensitivity analysis, the influence of each study on the
pooled OR was examined by repeating the meta-analysis
while omitting each study, one at a time. This procedure
confirmed the stability of our overall results. In addition,
when excluding the studies that were not in HWE, the
results were persistent and robust (Table 2).

Publication bias

Funnel plot, Begg’s and Egger’s tests were performed to
evaluate publication bias of the literature on CRC. Figure 2
displayed a funnel plot that examined the CYP1B1 Leu432Val
polymorphism and overall CRC risk included in the meta-
analysis in the heterozygous comparison. The shape of funnel
plots did not reveal any evidence of funnel plot asymmetry.
The statistical results still did not show publication bias (GG
vs. CC: Begg’s test P00.28, Egger’s test P00.58; GC vs. CC:
Begg’s test P01.00, Egger’s test P00.91; dominant model:
Begg’s test P00.59, Egger’s test P00.61; recessive model:
Begg’s test P00.47, Egger’s test P00.68).

Discussion

Xenobiotic clearance is important for the removal of carcino-
gens and is primarily accomplished by hydroxyl conjugation,
involving enzymes in the cytochrome P450 pathway [25].
Cancers of the colon, lung, larynx, kidney, and pancreas have
been shown to be associated with environmental exposures to
various carcinogens [26, 27], and polymorphisms in several
key enzymes involved in xenobiotic clearance have been
linked to the risks of various cancers. One enzyme of particular

importance is CYP1B1, which is primarily involved in the
hydroxylation of 17 β-estradiol at the 2-OH and 4-OH
positions [25]. CYP1B1 is encoded by a polymorphic
gene [27], and a number of polymorphisms in this gene
have been shown to affect the activity of the encoded
protein [9, 28]. In recent years, a number of molecular
epidemiologic studies have been conducted to evaluate
the role of Leu432Val polymorphisms in the CYP1B1 gene on
CRC risk; however, the results remain conflicting rather than
conclusive [3, 16–24]. Therefore, a systematic review and
meta-analysis of association between CYP1B1 Leu432Val
polymorphism and CRC risk was of great value.

The present meta-analysis, including 8,466 cases and
9,301 controls from ten case–control studies, explored the
association between the Leu432Val polymorphism of the
CYP1B1 gene and CRC risk. To the best of our knowledge,
this is the first meta-analysis of the comprehensive assessment
for the relationship between CYP1B1 Leu432Val polymor-
phism and the risk of CRC. Overall, we did not find any
significant association between CYP1B1 Leu432Val polymor-
phism and CRC susceptibility among Caucasians (all popula-
tions were Caucasians). In the stratified analysis by country,
matched control, HWE in controls, and sources of controls,
significant associations were still not observed in all genetic
models. Our finding is in accordance with one previously
published meta-analysis on breast cancer by Yao et al. [29].
They suggest that their meta-analysis provides strong evidence
that CYP1B1 Val432Leu polymorphism is not associated with
breast cancer risk. However, Wang et al. [30] found that
CYP1B1 gene L432V polymorphism was associated with a
significantly increased risk of endometrial cancer; Xu et al. [31]
found that CYP1B1 432 C/G polymorphism was associated

Fig. 2 Funnel plot for
publication bias test (GC vs.
CC). Each point represents a
separate study for the indicated
association
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with risk of lung cancer. Meanwhile, they indicated that
individuals with 432GG genotype had a 39.7% higher
risk of having lung cancer than those with the 432CC genotype
and individuals with the 432 G allele had a 26.3% increased
risk as well. Although the reasons for this apparent difference in
risk with different tumors are as yet unknown, some possibili-
ties should be considered. First, those gene–variant associations
vary in different kinds of cancer and may result from the
different mechanisms of carcinogenesis among different kinds
of cancer. Second, different ethnic composition may contrib-
ute to the discrepancy. Different meta-analyses included differ-
ent original studies which were performed in different races,
and the ethnic composition in different meta-analyses may be
diversity. For example, original studies included in this meta-
analysis were all performed in Caucasian populations.

Results of meta-analyses often depend on control selection
procedures [32]. Different controls source may be a confound-
ing factor which may impact on the conclusion of our study
because of case–control studies. For instance, some studies
used a healthy population as the reference group, whereas
others selected inpatients without CRC as the reference group.
In order to eliminate interference from the confounding factor,
we performed subgroup analysis by source of controls.
Our results showed that there was no significant association
between CYP1B1 Leu432Val polymorphism and CRC
risk in different controls (HCC and PCC), which confirmed
the reliability of our overall results.

One of the major concerns in a sound meta-analysis is the
degree of heterogeneity that exists between the component
studies because non-homogeneous data are liable to result in
misleading results. In the present study, the Q test and I2

statistics were carried out to test the significance of heteroge-
neity. Obvious heterogeneity between studies was not observed
in overall comparisons and main subgroup analyses. Another
important issue for any meta-analysis is publication bias due to
selective publication of reports. In the current study, funnel
plot, Begg’s and Egger’s tests were performed to evaluate this
problem. Both the shape of funnel plots and statistical results
did not show publication bias.

However, there are still some limitations in this meta-
analysis. First, in this meta-analysis, ten studies were all
conducted in Caucasian population, and the results of the
meta-analysis suggest that there is no association between
the CYP1B1 432 G variant and CRC susceptibility, mainly
in Caucasian population. Second, another limitation of this
analysis is that we did not have original data and we therefore
were not able to take into account other factors, like obesity,
inflammation, aspirin/NSAID use, vitamin D, and vitamin E
intake that may modify the risk estimates, as reported in
previous publications. Thus, assessment of the association
between CYP1B1 polymorphism and these covariates and
CRC is needed in order to determine clearly the impact of
CYP1B1 polymorphism on the etiology of CRC. Third, the

genotype distribution in control group showed deviation from
HWE in two studies.

In conclusion, this meta-analysis reveals that CYP1B1
Leu432Val polymorphism is not associated with altered
susceptibility to CRC among Caucasians. Since no study
was from non-Caucasian population, it is critical that larger
and well-designed multicentric studies based on Asian and
African-American patients should be performed to re-evaluate
the association.
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