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Abstract: Aim: Our aim was to investigate the relationship between transcription factor 7-like 2 (TCF7L2) polymor-
phisms and breast cancer susceptibility. Methods: PubMed, Embase and CNKI databases were used to search
the related studies investigating the correlation between TCF7L2 polymorphisms and breast cancer susceptibility.
Pooled ORs and 95% Cls, based on five genetic models, were applied to estimate the association betweenTCF7L2
polymorphisms and breast cancer. A fixed-effect model or a random-effect model was applied according to the
between-study heterogeneity. Results: We analyzed six single nucleotide polymorphisms (SNPs) in TCF7L2 gene,
namely rs12255372, rs7903146, rs7900150, rs3750805, rs1225404 and rs7003146. The increased risk of
breast cancer was associated with TCF7L2 polymorphisms (22 vs. 11: OR=1.16, 95% CI=1.02-1.32; 22+12 vs. 11:
OR=1.06, 95% CI=1.02-1.10; 22 vs. 11+12: OR=1.15, 95% CI=1.04-1.27; 2 vs. 1: OR=1.07, 95% CI=1.02-1.13;
12 vs. 11: OR=1.05, 95% CI=1.01-1.09). Among the locus, rs7903146 polymorphism was significantly associated
with the risk for breast cancer under five genetic models (TT vs. CC: OR=1.29, 95% CI=1.08-1.53; TT+CT vs. CC:
OR=1.09, 95% CI=1.01-1.18; TT vs. CC+CT: OR=1.24, 95% CI=1.05-1.48; T vs. C: OR=1.11, 95% CI=1.04-1.19; CT
vs. CC: OR=1.08, 95% CI=1.00-1.17). Additionally, rs7900150 also showed effects on the susceptibility of breast
cancer (TT vs. AA: OR=1.22, 95% CI=1.07-1.39; TT+AT vs. AA: OR=1.06, 95% CI=1.00-1.14; TT vs. AA+AT: OR=1.21,
95% CI=1.07-1.37; T vs. A: OR=1.09, 95% CI=1.02-1.15; AT vs. AA: OR=1.04, 95% CI=1.01-1.33). Meanwhile, we
found that rs3750805 polymorphism could increased the risk for breast cancer (TT+AT vs. AA: OR=1.12, 95%
Cl=1.01-1.24). Conclusion: Our meta-analysis demonstrates that TCF7L2 polymorphisms may increase the risk for
breast cancer.
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have demonstrated that breast cancer is
caused by genetic and environmental factors,

Introduction

Breast cancer is one of the most common
malignant tumors seriously threatening the
health of women and patients with breast can-
cer account for 23% among all the patients with
tumors. Every year, about 1.15 million breast
cancer patients are diagnosed, and the highest
incidence of breast cancer is found in Europe
and America [1-4]. In China, the incidence of
breast cancer is increased rapidly and the
patients tend to be younger [5-7]. Some studies

the pathogenesis of it is still unclear [8-10].

Transcription factor 7-like 2 (TCF7L2), also
named T-cell factor 4 (TCF4), locates on 10g25.2
[12-13], which is part of the Wnt signaling path-
way. And the activity of Wnt signaling pathway
was significantly associated with the onset and
development of tumors. In recent years, asso-
ciation between TCF7L2 polymorphisms and
breast cancer susceptibility has attracted
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Figure 1. Flow diagram of included studies in the meta-analysis.

Table 1. Main characteristics of all studies included in the meta-analysis

First author Year Country Ethnicity Locus Genotyping method NOS Score  HWE
Burwinkel 2006 Germany Caucasian rs12255372 TagMan 7 0.643
Naidu 2012 Malaysia Asian rs12255372 PCR-RFLP 7 1.000
Connor 2012 America Caucasian rs12255372 Multiplexed Bead Array 8 0.172
Alanazi 2013 Saudi Arabia Asian rs12255372 PCR 6 0.958
Naidu 2012 Malaysia Asian rs7903146 PCR-RFLP 7 0.518
Connor 2012 America Caucasian rs7903146 Multiplexed Bead Array 8 0.121
Connor 2012 America Caucasian  rs7900150 Multiplexed Bead Array 8 0.005
Connor 2012 America Caucasian  rs3750805 Multiplexed Bead Array 6 NA

Connor 2012 America Caucasian rs1225404 Multiplexed Bead Array 7 0.576
Wei 2013 China Asian rs7003146  Sequenom MassArray 8 0.993

TagMan: TagManSNP; PCR-RFLP: PCR-restriction fragment length polymorphism; PCR: polymerase chain reaction; 11: Wide-

type homozygote; 12: Heterozygote; 22: Rare homozygote; HWE: Hardy-Weinberg equilibrium.

extensive attention. And the studies have
showed that genetic mutations of TCF7L2 may
affect the risk for breast cancer [14, 15]. Due to
the differences in ethnicity, region, country and
experimental methods, the results about the
relationship of TCF7L2 polymorphisms and
breast cancer are controversial. Our meta anal-
ysis, based on the published articles, was
aimed to make sure the effects of TCF7L2 poly-
morphisms in the pathogenesis of breast
cancer.
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Materials and methods
Search strategy and inclusion criteria

The related articles were searched in PubMed,
Embase and CNKI databases with the key
words of “TCF7L2", “breast cancer”, “polymor-
phism” or “variants”. Inclusion criteria were as
followings: (1) case-control studies; (2) studies
investigating the relationship of single nucleo-
tide polymorphisms (SNPs) in TCF7L2 gene and
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Table 2. TCF7L2 polymorphisms and breast cancer risk

TCF7L2 polymorphisms and breast cancer susceptibility

TCF7L2

22vs. 11 22+12vs. 11

2

2vs. 11+12 2vs. 1 12vs. 11

OR (95% Cl) OR (95% Cl)

OR (95% Cl)

OR (95% Cl) OR (95% Cl)

Locus rs12255372 1.17 (0.83, 1.64) 1.07 (1.00, 1.16)

rs7903146

rs7900150

rs3750805

rs1225404

rs7003146
Total

(
1.29 (1.08, 1.53) 1.09 (1.01, 1.18)
1.22(1.07, 1.39) 1.06 (1.00, 1.14)

NA 1.12(1.01, 1.24)
1.05 (0.96, 1.15) 1.02 (0.96, 1.09)
0.57 (0.31, 1.07) 0.78 (0.56, 1.09)
1.16 (1.02, 1.32) 1.06 (1.02, 1.10)

1.14 (0.84, 1.54)
1.24 (1.05, 1.48)
1.21 (1.07, 1.37)

1.07 (0.99, 1.17)

1.08 (0.95, 1.22) 1.07 (0.99, 1.15)

1.11 (1.04, 1.19) 1.08 (1.00, 1.17)

1.09 (1.02, 1.15) 1.04 (1.01, 1.13)
NA NA

1.04 (0.99, 1.09) 1.03 (0.94, 1.12)

NA

0.67 (0.37, 1.21) 0.76 (0.58, 1.00) 0.78 (0.54, 1.12)

1.15 (1.04, 1.27)

1.07 (1.02, 1.13) 1.05 (1.01, 1.09)

11: Wide-type homozygote; 12: Heterozygote; 22: Rare homozygote.

Study %
ID OR (95% Cl)  Weight
rs12255372 !
Burwinkel —t— 1.12 (0.93, 1.36) 3.05
Naidu - 1.18 (0.89, 1.56) 1.39
Connor —— 1.07 (0.98, 1.16) 16.46
Alanazi * 0.77 (0.48, 1.23) 0.61
Subtotal (l-squared = 0.0%, p = 0.461) <:> 1.07 (1.00, 1.16) 21.50
. [}
rs7903146 :
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. I
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I
1
T T

479

2.09

Figure 2. Forest plot of risk of breast cancer associated with TCF7L2 polymorphisms.

breast cancer; (3) sufficient data for evaluating
odds ratios (ORs) with 95% confidence intervals
(95% Cls). For the publications with overlapping
data, the largest publication was adopted.
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Data extraction

Data were independently extracted by two
investigators, and inconsistent results were
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Figure 3. Begg's funnel plot of publication bias test.

solved through discussion. The extracted data
included the first name of author, publication
date, country, ethnicity, source of control, num-
ber of cases and controls, genotype frequen-
cies and genotyping methods.

Statistical analysis

Hardy-Weinberg equilibrium (HWE) was ch-
ecked by x? test. The chi-square based Q-test
was applied to testify between-study heteroge-
neity. Pooled ORs were calculated by the fixed-
effects model when P (heterogeneity) > 0.05.
Otherwise, the random-effects model was used.
Pooled ORs with 95% Cls were used to assess
the relationship between TCF7L2 polymor-
phisms and breast cancer susceptibility. The
calculation was performed based on the follow-
ing five genetic models: 22 versus 11, 22+12
versus 11, 22 versus 11+12, 2 versus 1 and 12
versus 11. Ztest was used to testify whether
the pooled ORs were significant, and P<0.05
was considered statistically significant. Sen-
sitivity analysis was performed by precluding a
single study to observe whether the pooled ORs
changed. Egger’'s test and Begg's test were
applied to evaluate the publication bias. The
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analysis was performed with STATA version
12.0 (Stata Corporation, College Station, TX,
USA).

Results
Study characteristics

As shown in Figure 1, we searched 200 related
studies through PubMed, Embase and CNKI
databases in which 127 studies were preclud-
ed for obvious irrelevance, and 39 studies were
excluded for unrelated titles and abstracts, and
29 studies were precluded for insufficient data,
and finally 5 studies with 4800 cases and 5489
controls were included in our meta-analysis
[15-19] (Table 1).

Association of TCF7L2 polymorphisms and the
risk of breast cancer

Six SNPs in TCF7L2 gene were analyzed and
the results were showed in Table 2. The
increased risk of breast cancer was found
associated with TCF7L2 polymorphisms (22 vs.
11: OR=1.16, 95% Cl=1.02-1.32; 22+12 vs.
11:0R=1.06, 95% CI=1.02-1.10; 22 vs. 11+12:

Int J Clin Exp Med 2015;8(6):9355-9361
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OR=1.15, 95% CI=1.04-1.27; 2 vs. 1: OR=1.07,
95% Cl=1.02-1.13; 12 vs. 11: OR=1.05, 95%
Cl=1.01-1.09). In the analysis, we found that
rs7903146 was associated with breast cancer
susceptibility (TT vs. CC: OR=1.29, 95% CI
=1.08-1.53; TT+CT vs. CC: OR=1.09, 95%
Cl=1.01-1.18; TT vs. CC+CT: OR=1.24, 95%
Cl=1.05-1.48; T vs. C: OR=1.11, 95% CI=1.04-
1.19; CT vs. CC: OR=1.08, 95% CI=1.00-1.17).
In addition, rs7900150 could also increased
the risk for breast cancer (TT vs. AA: OR=1.22,
95% Cl=1.07-1.39; TT+AT vs. AA: OR=1.06,
95% Cl=1.00-1.14; TT vs. AA+AT: OR=1.21,
95% CI=1.07-1.37; T vs. A: OR=1.09, 95%
Cl=1.02-1.15; AT vs. AA: OR=1.04, 95%
Cl=1.01-1.33). Meanwhile, rs3750805 was
also a risk factor for breast cancer (TT+AT vs.
AA: OR=1.12, 95% CI=1.01-1.24) (Figure 2).

Quality of the included studies

As shown in Table 1, the score of Newcastle-
Ottawa quality assessment scale (NOS) was
range from 6 to 8.

Sensitivity analysis

Sensitivity analysis was carried out repeatedly
by precluding a single study at a time. The
results demonstrated that the estimates before
and after the deletion of each study were simi-
lar, suggesting our meta-analysis results were
stable and credible.

Publication bias

As performed in Figure 3, the shape of funnel
plot seemed symmetrical, and Egger’s test and
Begg's test provided no statistical evidence for
publication bias (P=0.793, P=1.000). Thus,
there existed no obvious publication bias influ-
encing overall results in our meta-analysis.

Discussion

Breast cancer, a kind of malignant tumor, seri-
ously threatens the health of women, the inci-
dence and mortality of which are highest
among all malignant tumors on female [20].
The incidence of breast cancer is increased
rapidly in China in recent years. Therefore, it is
urgent to improve the diagnosis and treatment
of patients with breast cancer [21-23].

TCF7L2, an important component in Wnt signal
pathway, involves in the regulation of cell prolif-
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eration and differentiation, which was one of
susceptibility genes for T2D. For the relation-
ship of TCF7L2 polymorphisms and breast can-
cer, the results were controversial. Naidu et al.
have reported that rs7903146 (T) variant could
increase the risk of breast cancer [15]. The
research conducted by Connor et al. showed
that there were significant relationships
between rs7903146, rs3750805, rs7900150
and rs1225404 polymorphisms and increased
risk of breast cancer [18]. Burwinkel et al.
reported that rs12255372 polymorphism could
increase the risk for breast cancer [19].
However, Wei et al. found that rs7003146 was
significantly associated with reduced risk of
breast cancer in Chinese Han population [17].
And Alanazi MS1 et al. concluded that
rs12255372 showed no effects on the onset of
breast cancer [16].

With the improvement of medical techniques,
meta-analysis has been broadly used in medi-
cal domain. It can increase sample sizes, com-
prehensively analyze multiple research results
and further solve the inconsistency of results
[24-30]. Our meta-analysis, with 4800 cases
and 5489 controls, investigated the relation-
ship of TCF7L2 polymorphisms and the risk of
breast cancer. And the results indicated that
TCF7L2 polymorphisms could increase the risk
of breast cancer. Meanwhile, rs7903146,
rs7900150 and rs3750805 polymorphisms
were also associated with increased risk of
breast cancer.

Some limitations in our study should be
addressed. Firstly, different genotyping meth-
ods might result in some bias in the results.
Secondly, lack of original data, such as meno-
pausal state, age of menarche, smoking, drink-
ing and family history could affect the compre-
hensiveness and preciseness of relationship
between TCF7L2 polymorphisms and breast
cancer. Finally, limited research articles, to
some extent, could affect the validity of the
results. Further well-designed studies are
needed to provide more comprehensive under-
standing on the result.
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