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Prostate cancer risk and aggressiveness associated with
the CYP1B1 4326C/G (Leu432Val) polymorphism: a
meta-analysis of 2788 cases and 2968 controls

Jie Yang*, Dong-Liang Xu*, Qiang Lu, Zhi-Jian Han, Jun Tao, Pei Lu, Chao Wang, Xiao-Ke Di and Min Gu

To derive a precise estimation of the associations between the cytochrome P450 1B1 (CYP1B1) 4326C/G variants and prostate cancer

(PCa) risk or aggressiveness, a meta-analysis was performed using all eligible published studies. Odds ratios (ORs) with 95%

confidence intervals (CIs) were estimated to assess the association in seven literature studies with 2788 cases and 2968 controls. In

the overall analysis, no significant association was found between the CYP1B1 4326C/G polymorphism and PCa risk, but ethnicity

subgroup analyses and a case-source analysis revealed significant associations. The 4326G allele showed a significant association

with increased PCa risk in Asians (OR51.52, 95% CI: 1.20–1.92), and significant associations were also observed in a heterozygote

comparison (OR51.40, 95% CI: 1.03–1.89), a homozygote comparison (OR52.38, 95% CI: 1.31–4.33) and in a dominant genetic

model (OR51.52, 95% CI: 1.14–2.01). Moreover, the 4326G allele was also significantly correlated with an increased risk of sporadic

PCa (OR51.13, 95% CI: 1.04–1.24), and significant associations were observed in a heterozygote comparison (OR51.16, 95% CI:

1.02–1.33), a homozygote comparison (OR51.24, 95% CI: 1.03–1.49) and a dominant genetic model (OR51.19, 95% CI: 1.05–

1.34). The overall analyses and all subgroup analyses showed no significant association between the 4326C/G polymorphism and PCa

aggressiveness. Our meta-analysis showed that CYP1B1 4326G allele is significantly associated with an increased PCa risk in Asians

and in sporadic PCa cases.
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INTRODUCTION

Prostate cancer (PCa) is one of the most common solid tumours and a

leading cause of death in men worldwide, but the incidence of PCa varies

distinctively by ethnic group and geographic location.1,2 For example,

there were approximately 192 280 newly diagnosed cases and 27 360

PCa-related deaths in the United States in 2008, and the incidence of

PCa in African-Americans in the United States is approximately 60 times

the incidence among the Han nationality population in China.1–3 PCa

can be divided into hereditary PCa (HPC) and sporadic PCa (SPC).

HPC is confirmed when a patient has more than three first- or second-

degree relatives with PCa, and patients not meeting these criteria are

defined as having SPC. HPC is a heterogeneous disease with complex

genetics. Although the onset of HPC is, on average, 6 years earlier than

the SPC onset, the clinical courses are the same.1–3 To date, the under-

lying aetiology of PCa is still unknown, but a large number of studies

have indicated that both genetic predispositions and environmental

factors likely contribute to the risk and aggressiveness of PCa.4

The human cytochrome P450 1B1 (CYP1B1) gene is implicated in

the activation of oestrogens and carcinogens and is differentially

expressed, with high mRNA levels detected in prostate, mammary,

kidney and other tissues.5–7 Furthermore, some studies have demon-

strated that the expression of CYP1B1 and the formation of activated

carcinogens are associated with several tumours, including PCa.6–8

Thus, we have reasons to believe that the tissue-specific hydroxylation

and carcinogen activation initiated by CYP1B1 may affect PCa risk.

One mechanism leading to CYP1B1 overactivation is genetic poly-

morphism. Several polymorphic sites within the CYP1B1 gene

(rs2617266, rs2567206, rs2551188, rs10012, rs1056836, rs1056827 and

rs1800440) have been studied, but the rs1056836 (4326C/G, Leu432Val

or L432V) site has been reported most frequently, albeit inconsistently,

associated with increased PCa risk.9–15 Some researchers have investi-

gated the relationship between the CYP1B1 4326C/G polymor-

phism and PCa aggressiveness, although the definitions of low and high

aggressiveness are different among these research reports.9,10,12,14,15

We performed a meta-analysis of all eligible case-controlled studies

to derive a more precise estimation of the associations between the

CYP1B1 4326C/G variants and PCa risk or aggressiveness.

MATERIALS AND METHODS

Publication search

PubMed was searched with the terms ‘CYP1B1’, ‘polymorphism’ and

‘prostate cancer’ for articles published in English through 9 March

2011. All eligible studies were retrieved, and their bibliographies were

checked for other relevant publications. Relevant review articles were
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hand-searched to identify additional eligible studies. If more

than one article had been published using the same series of

study subjects, only the most recent or most complete study for this

meta-analysis were chosen.

Inclusion and exclusion criteria

The included articles had to be case–control studies, contain informa-

tion on the association between the CYP1B1 4326C/G polymorphism

and PCa risk or aggressiveness, and had to provide sufficient genotype

frequencies for a meta-analysis. The most frequent reasons for study

exclusion were the lack of a control population, the lack of sufficiently

available data and study duplication.

Data extraction

All data were carefully and independently extracted from the eligible

publications by two co-authors (Chao Wang and Xiao-Ke Di), and

any disagreement was resolved by a discussion between the two

authors. The collected data from each eligible article included the first

author’s last name, the year of publication, the country of origin,

patient ethnicity, the author’s definition of low- or high-tumour

aggressiveness, the characteristics of the controls, the numbers of gen-

otyped cases and controls, the numbers of genotyped cases of low and

high aggressiveness, the source of the case groups (familial or sporadic

prostate cancer cases), the genotyping methods and any quality con-

trols. The patient ethnicities were categorised as Caucasian, Asian or

African. When studies included subjects with both familial and spora-

dic PCa, the genotype data were extracted separately for the subgroup

analysis.

Statistical analysis

The strength of the association between the CYP1B1 4326C/G poly-

morphism and PCa risk or aggressiveness was measured by odds ratios

(ORs) with 95% confidence intervals (CIs). The statistical significance

of the summary ORs were determined with Z-tests. To explore the

association of the CYP1B1 4326C/G polymorphism and PCa risk, we

analysed the allelotype comparisons (4326G vs. C) as well as the het-

erozygote comparisons (CG vs. CC), homozygote comparisons (GG

vs. CC) and the dominant genetic model comparisons (CG1GG vs.

CC) between the cases and controls. For the association of the 4326C/

G polymorphism with PCa aggressiveness, we evaluated these same

effects between the low- and high-aggressiveness cases. Stratified ana-

lyses were performed by ethnicities and the case sources (i.e., HPC vs.

SPC).

The heterogeneity assumption was checked by a x2-based Q-test.

If the Q-test had a P value greater than 0.05, thereby indicating the

lack of heterogeneity among the studies, the summary OR estima-

tion of each study was calculated by the fixed-effects model (the

Mantel–Haenszel method). Otherwise, the random-effects model

(the DerSimonian–Laird method) was adopted.16 Meta-regression

analyses to explore the reasons for heterogeneity among these stud-

ies were performed. Subgroup analyses, which were grouped by

characteristics including ethnicity and case source, were adopted

to avoid the influence of heterogeneity on these studies. The

inter-study variance (I2) was used to quantify the degree of hetero-

geneity, and the I2 per cent was used to describe the extent of the

heterogeneity explained by the subgroup characteristics. The poten-

tial publication bias was determined by an Egger’s linear regression

test with a funnel plot. All statistical analyses were performed with

the Stata software (version 11.0; StataCorp LP, College Station, TX,

USA) using two-sided P values.

RESULTS

The summary of included studies

Seven literature studies that matched the inclusion criteria for our

analysis of the association between PCa risk and the CYP1B1 4326C/

G polymorphism were retrieved.9–15 Of these, 5 studies were analysed

for the association of the 4326C/G polymorphism and PCa aggressive-

ness.9,10,12,14,15 The characteristics of each study are summarized in

Table 1. All studies employed frequency-matched controls by age, sex

and ethnicity. A PCR restriction fragment length polymorphism

(PCR-RFLP) assay was adopted in four of the seven studies, and all

studies mentioned genotyping quality control, including randomly

repeated assays or validation by directed sequencing. The distribution

of genotypes in the control groups was consistent with the Hardy–

Weinberg equilibrium in all but two studies.11,14

Sobti et al.11 and Chang et al.13 studied only the association between

PCa risk and the 4326C/G polymorphism, and thus, these two

studies were excluded when analysing the association between PCa

aggressiveness and the 4326C/G polymorphism. In addition, Chang

et al.13 studied both sporadic and hereditary PCa risk with 103 HPC

cases, 207 SPC cases and 182 common controls, and thus, the results of

this study were divided into two different studies, each using the

common control group, for the subgroup analysis (Table 2).

Therefore, there were seven studies with 2788 cases and 2968 controls

(containing twice the number of common controls for the study by

Chang et al.13) for the PCa risk analysis and 5 studies with 1017 low-

and 1167 high-aggressiveness cases for the PCa aggressiveness analysis.

After grouping by ethnicity, there were two studies of Caucasian des-

cendants, three of Asian descendants and three of a mixed group of

descendants (more than 90% Caucasian)13,15 for the PCa risk analysis,

and there were two studies of Caucasian descendants, two of Asian

descendants and one of a mixed group of descendants (91%

Caucasian, 8% African American and 1% Asian or Hispanic/

Latino)15 for the PCa aggressiveness analysis. After grouping by case

Table 1 The main characteristics of included studies

First

author

Publication year Publish

country

Subject

ethnicity

Case number Case source Control

number

HWE test Genotyping

method

Aggressiveness

analysis

Cussenot9 2007 France Caucasian 1053 SPC 837 Yes PCR-TaqMan Yes

Beuten10 2008 USA Caucasian 633 SPC 733 Yes PCR-TaqMan Yes

Sobti11 2006 India Asian 100 SPC 100 NM PCR-RFLP NM

Fukatsu12 2004 Japan Asian 136 SPC 255 Yes PCR-RFLP Yes

Chang13 2003 USA Mixed 310 HPC/SPC 182 Yes MassARRAY NM

Tanaka14 2002 Japan Asian 117 SPC 200 NM PCR-RFLP Yes

Cicek15 2005 USA Mixed 439 HPC 479 Yes PCR-RFLP Yes

Abbreviations: HPC, hereditary prostate cancer; HWE, Hardy–Weinberg equilibrium; NM, not mentioned; PCR, polymerase chain reaction; RFLP, restriction fragment length

polymorphism; SPC, sporadic prostate cancer.
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source, a total of six studies investigated SPC risk, two studies13,15

investigated HPC risk, four studies9,10,12,14 investigated SPC aggres-

siveness and one study15 investigated HPC aggressiveness.

The CYP1B1 4326C/G polymorphism and PCa risk

PCa risk is defined as the predicted likelihood of developing PCa

during a man’s lifetime.2 We observed a wide variation of CYP1B1

4326G allele frequencies across different ethnicities. The frequency of

the 4326G allele was 16.76% among Asian controls, which was signifi-

cantly lower than in Caucasian controls (38.66%, P,0.01) and in

mixed controls (46.22%, P,0.01). We also found that the frequency

of the 4326G allele in hereditary cases was significantly higher than in

sporadic cases (44.19% vs. 38.58%,P,0.05), but there was no obvious

difference between the frequencies of the 4326G allele between low-

and high-aggressiveness cases (39.63% vs. 39.46%, P.0.05).

In the overall analysis, we did not find any significant association

between the CYP1B1 4326C/G polymorphism and PCa risk, but there

was significant heterogeneity in the allelotype comparison (P50.014

for heterogeneity) and the homozygote comparison (P50.027 for

heterogeneity). Therefore, we assessed the source of the allelotype

heterogeneity by comparing the results by the publication year (before

or after 1 January 2005), ethnicity, case source and sample size (more

or less than 200 subjects in both cases and controls). The publication

year (P50.796), ethnicity (P50.540), source of cases (P50.150) and

the sample size (P50.375) were all unable to account for the substan-

tial heterogeneity. In addition, the meta-regression analysis indicated

that the source of cases could explain only 27.66% of the I2.

We next performed subgroup analyses by stratifying by ethnicity or

case source and revealed several interesting associations. First, the

4326G allele was significantly associated with an increased risk of

PCa in Asians compared with the 4326C allele (OR51.52, 95% CI:

1.20–1.92, P50.453 for heterogeneity) (Figure 1). This association

was further confirmed in the heterozygote comparison (OR51.40,

95% CI: 1.03–1.89, P50.666 for heterogeneity), the homozygote com-

parison (OR52.38, 95% CI: 1.31–4.33, P50.222 for heterogeneity)

and in the dominant genetic model (OR51.52, 95% CI: 1.14–2.01,

P50.576 for heterogeneity) (Table 2). In contrast, no association was

found between the polymorphism and PCa risk in either the

Caucasian or mixed subject subgroup. Subdivision by case source also

indicated that the 4326G allele was significantly correlated with

increased PCa risk in sporadic cases (OR51.13, 95% CI: 1.04–1.24,

P50.064 for heterogeneity) (Figure 1), and similar results were

observed in the heterozygote comparison with the 4326CC genotype

(OR51.16, 95% CI: 1.02–1.33, P50.717 for heterogeneity), in the

homozygote comparison (OR51.24, 95% CI: 1.03–1.49, P50.072

for heterogeneity) and in the dominant genetic model (OR51.19,

95% CI: 1.05–1.34, P50.343 for heterogeneity) (Table 2). However,

there was no significant correlation between the 4326C/G polymorph-

ism and HPC risk.

CYP1B1 4326C/G polymorphism and PCa aggressiveness

Five studies have investigated the relationship between the CYP1B1

4326C/G polymorphism and PCa aggressiveness, but the definitions of

low and high aggressiveness vary among these research reports.9,10,12,14,15

Some articles define aggressiveness by the Gleason score, the clinical

stage, and the preoperative prostate-specific antigen level or by a com-

bination of these separate criteria. Therefore, for the meta-analysis of

PCa aggressiveness, we defined low-aggressive potential as a Gleason

score between 2 and 6, a clinical stage of T1–T2–N0–M0 or a preopera-

tive prostate-specific antigen level of less than 30 ng ml21, and we

defined high-aggressive potential as a Gleason score between 7 and 10,

a clinical stage of T3–T4 or N1 or M1, or a preoperative prostate-

specific antigen level of 30 ng ml21 or higher.

Table 2 Stratified analyses of CYP1B1 4326C/G polymorphism on Prostate Cancer (PCa) risk

Variables N Cases/controls
G allele vs. C allele GC vs. CC GG vs. CC GC1GG vs. CC

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

Total 8 2788/2968b 1.10 (0.96–1.26)c 0.014 1.10 (0.98–1.24) 0.421 1.15 (0.86–1.53)c 0.027 1.12 (1.00–1.24) 0.100

Ethnicities

Caucasian 2 1686/1570 1.09 (0.98–1.20) 0.138 1.11 (0.96–1.30) 0.559 1.16 (0.95–1.42) 0.114 1.12 (0.97–1.30) 0.292

Asian 3 353/555 1.52 (1.20–1.92) 0.453 1.40 (1.03–1.89) 0.666 2.38 (1.31–4.33) 0.222 1.52 (1.14–2.01) 0.576

Mixed 3 749/843b 0.94 (0.81–1.08) 0.318 0.94 (0.75–1.18) 0.431 0.89 (0.67–1.17) 0.336 0.92 (0.75–1.14) 0.317

Sources of cases

Sporadic 6 2246/2307b 1.13 (1.04–1.24) 0.064 1.16 (1.02–1.33) 0.717 1.24 (1.03–1.49) 0.072 1.19 (1.05–1.34) 0.343

Hereditary 2 542/661b 0.90 (0.77–1.06) 0.222 0.88 (0.68–1.15) 0.397 0.84 (0.61–1.15) 0.198 0.87 (0.68–1.11) 0.272

Abbreviations: CI, confidence interval; N, number of studies; OR, odds ratio.
a P value of Q-test for heterogeneity test.
b Numbers of the controls containing double the number of common controls for the studies by Chang et al.13

c A random-effects model was used when P value for heterogeneity test was ,0.05.

Figure 1 The forest plot of PCa risk associated with the CYP1B1 4326C/G

polymorphism (G allele vs. C allele). The squares and horizontal lines correspond

to the study-specific OR and 95% CI. The area of the squares reflects the weight.

The diamonds represent the summary OR and 95% CI. CI, confidence interval;

OR, odds ratio; PCa, prostate cancer.
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In the overall analysis, there was no significant association between

the 4326C/G polymorphism and PCa aggressiveness (Figure 2), but

we found significant heterogeneity in the allele comparison (P50.011

for heterogeneity), in the homozygote comparison (P50.029 for het-

erogeneity) and in the dominant genetic model comparison (P50.024

for heterogeneity) (Table 3). Therefore, we assessed the source of the

heterogeneity in the allelotype comparison by stratifying by the pub-

lication year (before or after 1 January 2005), ethnicity, case source

and sample size (more or less than 200 subjects in both the low- and

high-aggressiveness cases or not). However, none of these concom-

itant variables could account for the substantial heterogeneity or the I2

of the allelotype comparison by the meta-regression analyses.

Additional subgroup analyses with stratification by ethnicity or case

source also produced no significant association (Table 3 and Figure 2).

Sensitivity analyses

In the allelotype comparison for the association between 4326C/G

variants and PCa risk, our sensitivity analyses indicated that no single

study influenced the summary OR or the 95% CI significantly.

Although two studies11,14 failed to meet the Hardy–Weinberg equi-

librium, the summary OR and the 95% CI were effectively unaltered by

the inclusion of the two studies (Figure 3a). Similarly, the sensitivity

analyses also demonstrated that no single study qualitatively influ-

enced the summary OR or the 95% CI in the allelotype comparison

for the association of the 4326C/G polymorphism and PCa aggressive-

ness (Figure 3b).

Publication bias

We adopted the Begg’s funnel plot and Egger’ss test to assess the

publication bias. The shape of the funnel plots appeared symmetric

and did not suggest the presence of publication bias in either the

allelotype comparison for PCa risk (Figure 3c) or in aggressiveness

(Figure 3d). Egger’s test was used to provide statistical evidence for the

funnel plot symmetry. As expected, the results failed to indicate any

obvious evidence of publication bias in both allelotype comparisons

for PCa risk (P50.457) or aggressiveness (P50.539).

DISCUSSION

Prostate carcinogenesis is a multistep process involving multifac-

torial interplay between genetic and environmental factors.17 As a

result, a single polymorphism study is unlikely to have any sub-

stantial effect and may be of limited value in predicting risk and

aggressiveness.18 Therefore, to explore the association between

CYP1B1 4326C/G variants and PCa risk or aggressiveness, we per-

formed a meta-analysis including 2788 cases and 2968 controls

from seven published studies. To the best of our knowledge, this

is the first meta-analysis exploring the CYP1B1 4326C/G poly-

morphism in PCa risk and potential aggressiveness.

CYP1B1 is a member of the cytochrome P450 (CYP450) gene family

and one of the major enzymes involved in oestrogen hydroxylation,18

a key reaction in hormonal carcinogenesis.19 Therefore, CYP1B1 is

commonly implicated in hormone-mediated tumours, such as pro-

state, breast, endometrial, and ovarian cancer. CYB1B1 is expressed at

particularly high levels in these cancers and is responsible for hormone

metabolism and the formation of toxic metabolites from both endo-

genous and exogenous molecules.18,19 Interestingly, there have been

reports that, in contrast to its overexpression in PCa tissue, CYP1B1

protein expression is not detected in normal prostate tissue.20,21 The

importance of CYP1B1 in chemical carcinogenesis is also well illu-

strated in animal models, in which metabolites of CYP1B1 have been

shown to induce PCa.5,22

Several family-based and case-controlled studies have demon-

strated that individuals with the hyperactive 4326GG genotype are

at higher risk for breast cancer.23–25 Other studies have indicated that

the 4326GG genotype may also be associated with endometrial cancer

risk in premenopausal women.26 However, the ovarian cancer risks

associated with the CYP1B1 4326C/G polymorphism are not consist-

ent in different races. Goodman et al.27 have found that the 4326GG

and 4326GC genotypes are associated with a higher risk in the

Hawaiian population (consisting of Asians and Caucasians), but a

recent study by Cecchin et al.28 reported no difference between

4326GG cases and controls in Caucasian subjects.

In our study, the analysis indicated that the 4326C/G polymorphism

was not significantly associated with an overall PCa risk, but we found

significant heterogeneity in the allelotype comparison and the homo-

zygote comparison. We performed subgroup analyses, and the 4326G

allele was found to be significantly associated with an increased PCa

risk in Asians and sporadic cancer subjects in the allelotype compar-

ison. The increased PCa risk in the Asian population was also assoc-

iated with the GC genotype in the heterozygote comparison, the GG

genotype in the homozygote comparison and the GC1GG genotypes

in the dominant genetic model. No association was observed in

Caucasians, mixed population subjects or in hereditary cases in all

genetic models (Table 2). We believe that these inconsistent results

may have several causes. First, it may result from the distribution of

allele frequencies among different ethnicities or between different case

sources. We found that the frequency of the 4326G allele was signifi-

cantly lower in Asian controls than in Caucasian or mixed population

controls (both P,0.01), and the frequency of the 4326G allele was

significantly higher in hereditary cancer cases than in sporadic cases

(P,0.05). This finding is consistent with the higher incidence of PCa

in Caucasians and Africans than in Asians and with the 2- to 11-fold

increase in the lifetime risk of PCa in patients with a positive family

history.1–4,19 Second, the mechanism of PCa development is similar to

other cancers and is dependent on the interactions of genetic factors

and environmental agents.29,30 Environments and lifestyles are

very different among individuals of different races.31 In addition,

Figure 2 The forest plot of PCa aggressiveness associated with the CYP1B1

4326C/G polymorphism (G allele vs. C allele). The squares and horizontal lines

correspond to the study-specific OR and 95% CI. The area of the squares reflects

the weight. The diamonds represent the summary OR and 95% CI. CI, confid-

ence interval; OR, odds ratio; PCa, prostate cancer.
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individuals with a PCa family history may be more likely to pursue

regular prostate exams, leading to an increased detection rate of PCa

among these patients. Thus, the aetiology of PCa is unlikely to be

explained solely by genetic polymorphisms because hereditary vari-

ation alone cannot affect the risk of any disease.20,21 Third, the sample

sizes of the cases and controls in the Asian populations were both

noticeably smaller than those in Caucasians (353/555 vs. 1686/1570)

or mixed population subjects (353/555 vs. 749/843), and thus, the

results of the Asian subject subgroup analysis may have a weaker

statistical power and be at higher risk for sampling error and false

positive results. In conclusion, further investigations with larger sam-

ple sizes are needed to validate these results. While other factors, such

as time-lag bias and publication bias, might also be expected to play a

role in biasing the study, we examined these possibilities and found no

significant results.

To analyse the relationship between the 4326C/G polymorphism

and PCa aggressiveness, we investigated five studies with 1017 low-

and 1167 high-aggressiveness cases. There was not any significant

association in the overall analysis, and we found no obvious difference

in the frequency of the 4326G allele between low- and high-aggres-

siveness cases (P.0.05). Although we found significant heterogeneity

for the allelotype, homozygote and dominant genetic model compar-

isons, subgroup analyses also did not reveal any significant associa-

tions. To assess the source of heterogeneity, we performed meta-

regression analyses for several concomitant variables, including the

publication year, ethnicity, case source and the sample size, but none

of these could account for the substantial heterogeneity or the I2 of the

allelotype comparison. We believe that the most probable source of

heterogeneity is the difference in the definitions of low- and high-

aggressiveness PCa, which could lead to the lack of any detected asso-

ciation and indicate that more studies with uniform definitions are

needed to investigate the association between the 4326C/G poly-

morphism and PCa aggressiveness.

Several limitations of this meta-analysis should be acknowledged.

First, there was no independent study in Africans in the meta-analysis,

which hindered the comprehensive investigation of the association

Table 3 Stratified analyses of CYP1B1 4326C/G polymorphism on Prostate Cancer (PCa) aggressiveness

Variables N
High-/Low-

aggressiveness

G allele vs. C allele GC vs. CC GG vs. CC GC1GG vs. CC

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

Total 5 1017/1167 0.93 (0.72–1.21)b 0.011 1.09 (0.90–1.31) 0.068 0.88 (0.53–1.45)b 0.029 0.98 (0.70–1.37)b 0.024

Ethnicities

Caucasian 2 720/802 0.89 (0.51–1.56)b 0.001 0.96 (0.57–1.63)b 0.029 0.79 (0.26–2.38)b 0.001 0.91 (0.46–1.78)b 0.003

Asian 2 109/140 0.93 (0.60–1.42) 0.336 0.87 (0.50–1.51) 0.267 1.00 (0.35–2.82) 0.761 0.89 (0.53–1.49) 0.274

Mixed 1 188/225 1.00 (0.76–1.31) — 1.50 (0.96–2.35) — 0.93 (0.56–1.56) — 1.26 (0.84–1.89) —

Sources of cases

Sporadic 4 829/942 0.91 (0.63–1.31)b 0.004 1.01 (0.82–1.25) 0.096 0.85 (0.41–1.78)b 0.013 0.91 (0.59–1.40)b 0.017

Hereditary 1 188/225 1.00 (0.76–1.31) — 1.50 (0.96–2.35) — 0.93 (0.56–1.56) — 1.26 (0.84–1.89) —

Abbreviations: CI, confidence interval; N, number of studies; OR, odds ratio.
a P value of Q-test for heterogeneity test.
b A random-effects model was used when P value for heterogeneity test was ,0.05.

Figure 3 Sensitivity analysis pictures of each included study and Begg’s funnel plots of the publication bias test for PCa risk and aggressiveness associated with the

CYP1B1 4326C/G polymorphism (G allele vs. C allele). (a) Sensitivity analysis picture for the PCa risk and with the omission of the named study. (b) Begg’s funnel plot

for the publication bias test. Each point represents a separate study for PCa risk. (c) Sensitivity analysis picture for PCa aggressiveness. (d) Begg’s funnel plot of the

publication bias test for PCa aggressiveness. PCa, prostate cancer.

PCa risk and aggressiveness associated with the CYP1B1 4326G allele

J Yang et al

564

Asian Journal of Andrology



between the CYP1B1 4326C/G polymorphism and PCa risk or

aggressiveness. Second, the sample sizes of the cases and controls

in Asians were relatively small, so the statistical power of these

results was weaker than the power in Caucasians or mixed popu-

lation subjects. We need further studies with larger sample sizes to

confirm the positive associations in Asians. Third, PCa is consid-

ered the result of the combined effects of many factors, including

inherited and environmental factors. However, our results were

only based on unadjusted estimates that disregard the effect of

environmental factors in tumorigenesis.29,30

Our meta-analysis also had some advantages. First, the aggressive-

ness of PCa was taken into account when analysing the association of

the 4326C/G polymorphism and PCa risk. Second, the quality of the

studies included in our meta-analysis was satisfactory and met our

strict inclusion criteria. Third, although two studies did not meet the

Hardy–Weinberg equilibrium criterion, the sensitivity analyses indi-

cated that no single study influenced the summary OR or the 95% CI

significantly. Fourth, we adopted Begg’s funnel plot and Egger’s test to

assess the publication bias, and the results failed to show any obvious

evidence of publication bias either for the PCa risk or aggressiveness.

CONCLUSIONS

Our meta-analysis demonstrated that the CYP1B1 4326G allele was

significantly associated with an increased PCa risk in Asians and in

sporadic PCa, but there was no obvious association between the

4326C/G polymorphism and PCa aggressiveness. Considering the lim-

itations of the present meta-analysis, further research with standar-

dised unbiased methods and larger, worldwide sample sizes are

expected to confirm our results. Moreover, other possible confound-

ing factors, including environmental factors and lifestyles, should be

controlled and be taken into account when we assess the effect of

inherited factors on PCa tumorigenesis.
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