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Abstract To date, epidemiological studies have assessed
the association between CYPIA2-164 A/C polymorphism
and colorectal cancer susceptibility. However, the results of
these studies remained controversial. We aimed to examine
the associations by conducting a meta-analysis of case—
control studies. A total of 11 studies including 5,093 cases
and 5,941 controls evaluated the association between the
CYPI1A2-164 A/C polymorphism and colorectal cancer sus-
ceptibility. No significantly associations were found in all
genetic models (CC vs. AA: OR = 1.14, 95 % CI = 0.93—
1.40; AC vs. AA: OR = 1.05, 95 % CI = 0.91-1.20; domi-
nant model: OR = 1.08, 95 % CI = 0.95-1.24; recessive
model: OR = 1.10, 95 % CI = 0.95-1.28). In the subgroup
analysis by ethnicity or source of controls, there were still
no significant associations detected in all genetic models.
This meta-analysis suggested the CYPIA2-164 A/C poly-
morphism was not a risk factor for increasing colorectal
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cancer, further large and well-designed studies are needed
to confirm these conclusions.
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Introduction

Colorectal cancer is the third most commonly diagnosed
human cancer in the world, with over 143,820 new can-
cer cases and 50,830 deaths estimated to be occurred in
the US in 2013 (Siegel et al. 2013). Modifiable risk fac-
tors for colorectal cancer include smoking, physical inac-
tivity, overweight and obesity, red and processed meat
consumption, and excessive alcohol consumption (Fer-
rari et al. 2007). Genetic susceptibility to this disease may
result from inherited mutations in genes involved in car-
cinogen metabolism and DNA repair (Shields and Harris
2000; Goode et al. 2002). It is now commonly accepted
that the pathogenesis of colorectal cancer involves the
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multi-factorial interactions of environmental triggers and
genetic susceptibility. A recent study has revealed that
approximately 35 % of colorectal cancer cases can be
attributed to inherited genetic susceptibility (Markowitz
and Bertagnolli 2009).

In recent years, several common low-penetrant genes
have been identified as potential colorectal cancer suscep-
tibility genes. Cytochrome P450 enzymes catalyze Phase
I metabolism reactions, such as C-, N- and S-oxidation
and dealkylation (Sergentanis et al. 2011). Cytochrome
P450 1A2 (CYPIA2) is a member of the CYP1 family and
it is an important gene in catalyzing 2- and 4-hydroxy-
lations of estrogens (Yamazaki et al. 1998; Nebert and
Dalton 2006) and metabolism of carcinogens (Nebert
et al. 2004). It is reasonable that CYPIA2 may play an
important role in the etiology of colorectal cancer. A
single nucleotide polymorphism (CYPIA2-164 A/C or
CYPIA2*1F, rs762551) in intron 1 of the CYPIA2 gene
at position 734 downstream of the first transcribed nucle-
otide was identified. The A to C base substitution might
influence the inducibility and activity of CYPIA2 (Sachse
et al. 1999).

To date, molecular epidemiological studies (Sachse
et al. 2002; Landi et al. 2005; Saebg et al. 2008; Rudolph
et al. 2011; Eichholzer et al. 2012) have investigated the
relationship between the CYPIA2-164 A/C polymorphism
and colorectal cancer susceptibility. However, results of
these studies were controversial. Therefore, we performed
this meta-analysis of all eligible studies to demonstrate the
effect of the CYP1A2-164 A/C polymorphism on colorectal
cancer susceptibility.

Materials and methods
Publication search

Prospective cohort and case—control studies on CYPIA2-
164 A/C polymorphism and the susceptibility of colorec-
tal cancer published before Oct 13, 2013 were identified
through computer-based searches of PubMed, Embase,
and Web of Science electronic databases using the terms
“cytochrome P-450 1A2”, “CYPIA2”, “CYPIA2*1F”,
“polymorphism” and “colon”, “rectum”, “colorectal”,
“cancer”, “carcinoma”. All searched studies were retrieved,
and their bibliographies were checked for other relevant
publications. Review articles and bibliographies of other
relevant studies identified were hand searched to find addi-
tional eligible studies. Only published studies with full-text
articles were included. When more than one of the same
patient population was included in several publications,
only the most recent or complete study was used in this
meta-analysis.

@ Springer

Inclusion criteria

Inclusion criteria were defined as follows: (1) the articles
evaluated the association between the CYPIA2-164 A/C poly-
morphism and colorectal cancer susceptibility, (2) the studies
designed as prospective cohorts or case—controls, (3) sufficient
data available to estimate an odds ratio (OR) with its 95 % ClI,
and (4) studies demonstrated that the distribution of genotypes
among controls were in Hardy—Weinberg equilibrium.

Data extraction

Information was extracted carefully from all eligible publica-
tions independently by two authors according to the inclu-
sion criteria listed above, discrepancies were adjudicated
by the other authors until consensus was achieved on every
item. For each study, the following characteristics were col-
lected: the first author’s name, country or region, year of
publication, study design, method of genotyping, total num-
bers of cases and controls, and numbers of cases and controls
who harbored the CYPIA2-164 A/C polymorphism. The
quality of included studies was assessed using the Newcas-
tle-Ottawa Scale (NOS) (Stang 2010) for quality of case con-
trol and cohort studies in this meta-analyses, a study awarded
seven or more stars was considered as a high-quality study.

Statistical analysis

The strength of association between the CYPIA2-164 A/C
polymorphism and colorectal cancer susceptibility were
assessed by OR with the corresponding 95 % CI. Although
fixed-effect model and random-effects model yielded
similar conclusions, we chose to use the random-effects
model with Mantel-Haenszel statistics (DerSimonian and
Laird 1986; Ades et al. 2005), which assumed that the
true underlying effect varied among included individuals.
The pooled ORs were performed for co-dominant model
(CC vs. AA, AC vs. AA), dominant model (CC + AC vs.
AA), and recessive model (CC vs. AA + AC) respectively.
Heterogeneity assumptions among studies were checked
by the Chi-square test based on Q-statistic (p < 0.05 indi-
cated heterogeneity) (Cochran 1954). Furthermore, we
measured the effect of heterogeneity by another meas-
ure, I = 100 % x(Q — dplQ (Higgins and Thompson
2002). Venice criteria (Ioannidis et al. 2008) for the /> test
included: ‘I? < 25 % represents no heterogeneity, I> = 25—
50 % represents moderate heterogeneity, > = 50-75 %
represents large heterogeneity, and I* > 75 % represents
extreme heterogeneity’. Funnel plots were used to access
publication bias by the method of Begg’s test (Begg and
Mazumdar 1994) and Egger’s test (Egger et al. 1997)
(p = 0.05 suggests no bias). Statistical analyses were per-
formed using STATA statistical software (version 10.0). A
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Fig. 1 Study selection process
for meta-analysis

Potential articles from PubMed, EMBASE and
Web of Science (n=82)

Abstracts and title excluded during first screening(n=52)

Articles reviewed in details (n=30)

No CYP1A2-164 A/C polymorphism(n=16)

Potentially appropriate articles to be included

in meta-analysis (n=14)

» Review articles were excluded(n=3)

Articles included in meta-analysis (n=11)

p value <0.05 was considered statistically significant, and
all the p values were two sided.

Results
Characteristics of studies

The study selection process is shown in Fig. 1. A total of 11
eligible studies including 5,093 cases and 5,941 controls met
the inclusion criteria (Sachse et al. 2002; Landi et al. 2005;
Bae et al. 2006; Kiss et al. 2007; Kiiry et al. 2007; Yoshida
et al. 2007; Saebg et al. 2008; Kobayashi et al. 2009; Cleary
et al. 2010; Rudolph et al. 2011; Eichholzer et al. 2012). We
established a database according to the extracted informa-
tion from each article. The characteristics of selected stud-
ies were summarized in Table 1. There were three studies of
Asians, eight studies of Caucasians. Among these studies,
seven were hospital-based and four were population based.
Controls were mainly healthy populations and matched for
age. Genotypes distribution in the controls of each study
was in agreement with Hardy—Weinberg equilibrium.

Quantitative analysis

Table 2 lists the main results of this meta-analysis. Over-
all, no significantly elevated colorectal cancer risk was

found in all genetic models when all studies were pooled
into the meta-analysis (CC vs. AA: OR = 1.14, 95 %
CI = 0.93-1.40, p = 0.06 for heterogeneity, Fig. 2a; AC
vs. AA: OR = 1.05, 95 % CI = 0.91-1.20, p = 0.01 for
heterogeneity, Fig. 2b; dominant model: OR = 1.08, 95 %
CI = 0.95-1.24, p = 0.00 for heterogeneity, Fig. 2c; reces-
sive model: OR = 1.10, 95 % CI = 0.95-1.28, p = 0.30 for
heterogeneity, Fig. 2d). In the subgroup analysis by ethnic-
ity or source of controls, there was still no significant asso-
ciation detected in all genetic models.

Sensitivity analysis

Sensitivity analysis was performed according to heteroge-
neity. We found heterogeneity for CA vs. AA (p = 0.01)
and the dominant model (p = 0.00) of CYPIA2-164 A/C
polymorphism in overall population, in the stratified analy-
sis by ethnicity and source of control, no heterogeneity was
found in Caucasian and population-based groups (Table 2).

Publication bias

Publication bias was examined using Begg’s funnel, the
shape of the funnel plot seemed to be approximately sym-
metrical in the dominant model (Fig. 3a) and the recessive
model (Fig. 3b), but there was some uncertainty because
the symmetrical degrees were not content. Therefore, the
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Table 1 Main characteristics of all studies included in the meta-analysis

&

Control HWE NOS
AA AC CC

cCc

AC

Case/control Case
AA

Source

Gene test

Country

Year

Study

Springer

8
8
7
8

0.674

70
47
125

348
280
517

46 403
353

63

171
261
461

207

424/821

The MassArray system

KASPar assays

Switzerland

USA

2012

Eichholzer M
Rudolph A
Cleary SP

0.395

678/680

PB

2011

0.143
0.141

598 106 648

1,165/1,290
104/225

PB
HB

TagMan assays

Canada

2010

35

94
83
52

40 11 96
96 106
480

32
420

53

MassARRAY system
PCR-RFLP

Japan
PCR-RFLP

2009
2008

Kobayashi M
Saebg M

87
26
514

183/189

64/111

HB

Norway

9
8

0.891

17
85

0
553

HB

Japan

2007

Yoshida K
Kiiry S

0.169

79

1,013/1,118

PB

Applied Biosystems ABI 7900HT
sequence detection system

PCR-RFLP
PCR-RFLP

France

2007

8
8
7
8

69 228 207 65 0.100
0.347
0.625

212

219

500/500
111/93

361/321
490/593

HB

Hungary

2007

Kiss I

12
26
35

37
137
233

44
158
325

71 16
48

172

24

141

HB
HB
HB

Korea

2006

Bae SY
Landi S

Genorama image analysis software

PCR-RFLP

Italy

UK

2005

0.424

33

193

2002

Sachse C

HB hospital based, PB population based, PCR polymerase chain reaction, RFLP restriction fragment length polymorphism, HWE Hardy—Weinberg equilibrium, NOS Newcastle-Ottawa Scale

Egger’s test based on linear regression of the standard nor-
mal deviate against its precision was used to test the funnel
plot symmetry. The Egger’s test suggested that publication
biases may not have a significant influence on the results
of the CYPIA2-164 A/C polymorphism in the dominant
model (p = 0.12), the recessive model (p = 0.79) and other
models (data was not shown).

Discussion

The association between the CYPIA2-164 A/C polymor-
phism and colorectal cancer susceptibility had been studied
extensively, but the results were inconsistent. A potential
rationale behind these gene—cancer risk associations was that
these genetic variants might result in alterations in pheno-
types. This meta-analysis suggested that CYPIA2-164 A/C
polymorphism was not associated with colorectal cancer sus-
ceptibility when all studies were pooled together. In the sub-
group analysis by ethnicity or source of controls, there was
still no significant association detected in all genetic models.
It was reported that C allele causing decreased activity
of the encoded enzyme may lead to decreased metabolism
of estradiol. Therefore, C allele carriers might potentially
increase the colorectal cancer risk (Sachse et al. 2003).
Actually, it might be not uncommon that the epidemiology
results were not coincident with the results of functional
study. Cancer development was a complicated process
involving many genes, different genetic backgrounds might
contribute to the discrepancy. The influence of the C allele
might be decreased by the presence of other unidentified
causal genes involved in colorectal cancer susceptibility.
There was a moderate heterogeneity of studies for CA
vs. AA and the dominant model of the CYPIA2-164 A/C
polymorphism in the overall population, but when we ana-
lysed by ethnicity and source of control, the heterogeneity
disappeared in Caucasian and population-based groups.
These results suggested that the heterogeneity might be
partly due to ethnicity and lacking of sufficient data, large
studies should be needed and subgroup should be per-
formed such as according to smoking and other factors.
Some limitations of this meta-analysis should be
acknowledged. First, a common limitation of meta-analysis
was heterogeneity, heterogeneity was often caused by vari-
ation in the environmental and genetic background of study
participants, which was unavoidable when combing many
studies, and we found evidence of study heterogeneity in
our study, presumably due to ethnicity and the small num-
ber of included studies. Second, in the subgroup analysis,
the number of each subgroup was relatively small, not hav-
ing enough statistical power to explore the real association.
Third, only published articles were included in the meta-
analysis, we cannot exclude the possibility of publication
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Table 2 Summary odds ratios relations between the CYPIA2-164 A/C polymorphism and colorectal cancer susceptibility
Study group Homozygous Heterozygous Dominant model Recessive model
CCyvs. AA CA vs. AA (CC+ CAvs.AA) (CCvs.AA + CA)
OR (95 % CI) p OR (95 % CI) P OR (95 % CI) p OR (95 % CI) p
Total (n) 1.14 (0.93-1.40) 0.06 1.05 (0.91-1.20) 0.01 1.08 (0.95-1.24) 0.00 1.10 (0.95-1.28) 0.30
Ethnicity
Asian (3) 0.93 (0.36-2.42) 0.03 1.38 (0.55-3.44) 0.00 1.26 (0.50-3.16) 0.00 0.76 (0.48-1.22) 0.48
Caucasian (8) 1.16 (0.97-1.39) 0.19 1.00 (0.92-1.08) 0.45 1.05 (0.95-1.16) 0.17 1.14 (0.98-1.32) 0.35
Source
Population-based (4) 1.07 (0.90-1.28) 0.37 0.95 (0.86-1.05) 0.99 0.97 (0.88-1.06) 0.97 1.10 (0.92-1.32) 0.31
Hospital-based (7) 1.18 (0.79-1.77) 0.03 1.21 (0.90-1.62) 0.00 1.22 (0.94-1.59) 0.00 1.09 (0.82-1.448) 0.22
P value of Q test for heterogeneity
OR odds ratio, CI confidence interval
A ccvsaa C Dominant model (CC+CA vs AA)
Study OR (95% CI) Weight(%)  Study OR (95% CI)  Weight(%)
Eichholzer M (2012) —-F.— 128(0.85,1.92) 12.16 Eichholzer M (2012) — 1.01 (0.80, 1.28) 11.11
Rudolph A (2011) i D 1.34(0.89,2.01) 12.24 Rudolph A (2011) — 0.99(0.80,1.22) 11.80
Cleary SP (2010) —.-- 0.92(0.69,1.22) 16.54 Cleary SP (2010) —r 0.96 (0.82, 1.12)  13.55
Kobayashi M (2009) R 0.57(0.27,1.21) 5.46 Kobayashi M (2009) —_— 0.72(0.45,1.14)  5.61
Yoshida K (2007) —.__ 0.57(0.20,1.63) 3.16 Saebo M (2008) ™ 1.41(0.94,2.12) 6.64
Kiiry S (2007) 1 1.00(0.72,139) 1477 Yoshida K (2007) —_— 0.89 (0.47, 1.67) 3.64
Kiss I (2007) e 111(0.75,1.63) 12.84 Kiiry S (2007) - 0.95(0.80, 1.13) 13.18
Bac S (2006) L 244(100,600) 4.13 Kiss I (2007) —— 1.08 (0.84, 1.38)  10.65
Landi S (2005) P 2.07(1.22,3.51)  9.06 Bae SY (2006) 3 . 3.26(1.77,5.98) 384
Sachse C (2002) — 1.16 (0.70,1.92)  9.64 Landi § (2005) ; 1.51(1.12,2.05) 9.06
! Sachse C (2002) e 1.04 (0.82, 1.32) 10.93
Overall (I-squared = 44.6%, p = 0.062 <7> 1.14 (0.93, 1.40)  100.00
o ; Overall (I-squared = 62.5%, p = 0.003 1.08 (0.95, 1.24) 100.00
Heterogencity chi-squared=16.52) : Heterogeneity chi-squared=26.64)
T T T T T T
03 05 1 2 03 05 1 2
B cAvsaa D Recessive model (CC vs AA+CA)
Study OR (95% CI)  Weight(%) Study OR (95% CI) Weight(%)
Eichholzer M (2012) _._ 0.96 (0.75,1.23) 11.92 Eichholzer M (2012) ___._ 1.31(0.88,1.93) 11.94
Rudolph A (2011) — 0.93(0.74, 1.16)  12.84 Rudolph A (2011) e 1.38(0.93,2.05)_ 11.85
Cleary SP (2010) —._ 0.97 (0.82, 1.14)  15.06 Cleary SP (2010) — 0.93(0.71,122) 20.73
Kobayashi M (2009) R 0.77 (0.47,1.27)  5.50 Kobayashi M (2009) ~ ——— 11 0.64(0.31,132) 4.05
Yoshida K (2007) _ 0.99 (0.51,1.92) 3.60 Yoshida K (2007) : 0.57(0.21,1.53) 2.23
Kiiry S (2007) — 0.94(0.79, 1.12)  14.66 Kiiry S (2007) — 1.03 (0.75, 1.41) 16.56
Kiss I (2007) —— 1.07 (0.82,1.39)  11.26 Kiss I (2007) — 1.07 (0.74, 1.54)  13.45
Bae SY (2006) : —  —  352(1.86,6.65) 3.80 Bae SY (2006) —_.— 1.14(0.51,2.54) 329
Landi S (2005) —— 141 (1.02,1.94) 9.53 Landi S (2005) — 1.74 (1.05,2.88) 7.81
Sachse C (2002) . 1.02(0.79, 1.31) 11.84 Sachse C (2002) —ﬂ.— 1.15(0.70, 1.88) 8.14
Overall (I-squared = 58.7%, p=0.010 > 1.05 (0.91, 1.20)  100.00 Overall (I-squared = 15.6%, p = 0.299 <> 1.10 (0.95, 1.28)  100.00
Heterogeneity chi-squared=21.77)  |i Heterogeneity chi-squared=10.67) |1
T T T T T
03 05 1 5 03 05 1

Fig. 2 Odds ratios (ORs) for associations between the CYP1A2-164 A/C polymorphism and colorectal cancer susceptibility

bias influencing the results of this meta-analysis, even
though statistical analysis indicated no publication bias.
Further, the results were based on unadjusted estimates,
there would be a more precise estimation on the associa-
tions of CYPIA2-164 A/C polymorphism with colorectal
cancer susceptibility if the ORs were adjusted for age, diet,
tobacco, alcoholism, and other environmental factors, more

studies with adjusted ORs are needed to further provide a

more precise estimation.

In conclusion, this meta-analysis suggested that the
CYPIA2-164 A/C polymorphism was not a risk factor for
colorectal cancer susceptibility. Besides, large and adjusted
estimates studies are warranted to validate the conclu-
sion from this meta-analysis, furthermore, gene—gene and
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A Dominant model (CC+CA vs AA)
1.5 4

s.e. of: logor

B Recessive model (CC vs AA+CA)

1 A
S A °
5 o o
I %
-5 ° .
-1 4
T T T T
0 2 4 6
s.e. of: logor

Fig. 3 Begg’s funnel plot of the CYPIA2-164 A/C polymorphism
and colorectal cancer susceptibility, a funnel plot with pseudo-95 %
confidence limits (dashed lines) was used

gene—environment interactions should also be considered,
which may eventually lead to comprehensive understand-
ing of the association between the CYPIA2-164 A/C poly-
morphism and colorectal cancer susceptibility.
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