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Background: A meta-analysis was performed to estimate the association between HIF-1a polymorphism (C1772T) and breast
cancer risk.
Material/Methods: The relevant published literature was retrieved from PubMed, Web of Knowledge, and Embase. Odds ratios
(ORs) and 95% confidence intervals (Cls) were calculated to estimate the strength of the associations.
Results: Six case-control studies, including 2043 cases and 2146 controls were identified. Meta-analysis showed that
there was no marked association between C1772T polymorphism and breast cancer risk in the overall popu-
lation in the dominant model. The subgroup analysis showed an increased breast cancer risk in Asians based
on homozygote comparison and the recessive model. There were no associations between C1772T polymor-
phism with clinicopathological parameters and habits.
Conclusions: The present meta-analysis suggests that HIF-1o. C1772T polymorphism is a risk factor for susceptibility to breast
cancer in Asians.
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Background

Breast cancer is the leading cause of death by cancer for fe-
males worldwide [1]. Although there are some well-established
risk factors identified for breast cancer [2,3], unfortunately,
the mechanisms have not been clearly identified. Hypoxia has
been confirmed as an important factor in most solid tumors,
including breast cancer. A hypoxic microenvironment triggers
multiple cellular responses, such as angiogenesis, and involv-
ing cell-cycle control proteins, metastasis, and poor progno-
sis. These responses are highly dependent on the activation
of hypoxia-inducible factor-1 (HIF-1). HIF-1 is a key transcrip-
tion factor that regulates the cellular adaptation to hypoxia
[4]. The HIF-1 gene is located on chromosome 14g21-24 and
consists of 15 exons and codes the cDNA of 3919 bps [5]. HIF-
1 consists of HIF-1a and HIF-1p subunits (also known as aryl
hydrocarbon nuclear translocation, ARNT). The HIF-1f sub-
unit is constitutively expressed, while HIF-1o. protein expres-
sion and transcriptional activity are tightly regulated by the
oxygen level [6]. Under normoxic conditions, HIF-1a is rap-
idly degraded, binding to the von Hippel-Lindau tumor sup-
pressor protein (pVHL), a recognition component for ubiqui-
tination and proteasomal degradation of HIF-1c. In hypoxic
conditions, HIF-1o. degradation is limited and rapidly accu-
mulated in the nucleus to drive transcription of many survival
genes [7]. A number of polymorphisms and mutations within
the HIF-1o gene have been identified. The most widely stud-
ied single-nucleotide polymorphism (SNP) in HIF-1a, C1772T
(P582S, rs11549465), has been identified in exon 12 of the
gene within the oxygen-dependent degradation (ODD) domain
11 [8]. The C>T change at 1772 leads rise to Pro/Ser variation
at codon 582 [8]. The presence of the polymorphic variant was
shown to cause a markedly higher transcriptional activity than
the wild type under both normoxic and hypoxic conditions in
in vitro studies [9,10]. HIF-1a. 1772 C/T genetic polymorphism
has been considered to influence risk for many types of can-
cer, but the results of epidemiological studies are conflicting.
C1772T polymorphism was found to confer increased risk of
developing glioma [11], cervical cancer [12], endometrial can-
cer [12], and pancreatic cancer [13] but not liver cancer [14],
oral cancer [15], or esophageal cancer [16]. Even in studies on
breast cancer, the results were inconsistent. Several studies
showed no marked differences between patients and controls
in terms of the distribution of C1772T polymorphism [17-19],
and others showed opposite conclusions [20-22].

The inconsistent conclusions may due to the relatively small
sample sizes and differences in patient ethnic backgrounds. To
clarify the association of HIF-1oe C1772T polymorphism with
breast cancer risk, we estimated the overall cancer risk of this
polymorphism by performing a meta-analysis on all eligible
case-control studies In addition, we stratified the subgroup
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analysis according to ethnic backgrounds, clinicopathological
parameters, and habits.

Material and Methods

Publication search

Computer searches were performed independently by 2 au-
thors in PubMed (published before June 2013 in English) to
collect articles about the association of HIF-1ae C1772T poly-
morphism and breast cancer risk. The following keywords were
used: breast cancer, hypoxia-induced factor 1/HIF-1/HIF-1q,
C1772T/P582S/ rs11549465 and polymorphism/genotype/SNP.
We also reviewed reference lists of main reports and review ar-
ticles by a manual search to identify additional relevant articles.

Inclusion criteria and data extraction

The following criteria were used to choose studies for the me-
ta-analysis: (1) use of a case-control design; (2) evaluated the
associations between C1772T polymorphism and breast cancer
risk; (3) contained at least 2 comparison groups (cancer group
and control group); (4) included detailed data. Accordingly, ar-
ticles lacking data or containing data inappropriate for meta-
analysis, review articles without original data, and case reports
were excluded. Two reviewers independently extracted data
and all authors discussed disputable data. The following char-
acteristics were recorded from each study: the first author’s
surname, year of publication, country of origin, patient ethnic-
ity, source of control, number of cases and controls, genotyp-
ing methods, and number of various genotypes. Subjects were
extracted separately according to ethnicity, clinicopathological
parameters, and habits for subgroup analyses. The clinicopath-
ological parameters included menopausal status, clinical stage,
lymph nodes, histological grade, and estrogen receptor. The
habits included alcohol consumption and cigarette smoking.

Statistical analysis

The associations between HIF-1oe C1772T polymorphism and
breast cancer risk were measured using odds ratio (OR) with
95% confidence interval (Cl). We used the Z test to assess the
significance of the Ors, and /? and Q statistics to determine
the statistical heterogeneity among studies. We used a ran-
dom-effects model when P value of heterogeneity tests was
no more than 0.1 (P<0.1); if not, we used a fixed-effects mod-
el. Sensitivity analyses were performed to assess the stability
of the results by removing 1 study at a time to reflect the in-
fluence of the individual data set on the pooled OR. Publication
bias was evaluated by funnel plot and Egger’s test. We inves-
tigated the strength of the association in the allele model (T
vs. C), the dominant model (TT+CT vs. CC), and the recessive
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Records identified through
PubMed, ISI Web of Knowledge,
Embase and CNKI

13 articles were preliminary
identified

3 articles were excluded because the
design of the experiments were not
case control studies

4 articles were excluded for no
detailed genotyping data

6 articles finally included in
meta-analysis

Figure 1. Flow chart of study selection.

model (TT vs. CT+CC), respectively. P value <0.05 were con-
sidered significant. All statistical analyses were performed
using Review Manager version 5.1 (Revman; The Cochrane
Collaboration, Oxford, UK).

Results

Study characteristics

After searching 13 articles meeting the search criteria, we iden-
tified 6 relevant publications, including 2143 cases and 2046
controls, to assess the relationship of HIF-1o. C1772T polymor-
phism and breast cancer (Figure 1) [17-22]. The characteris-
tics of the included studies are listed in Table 1. Three stud-
ies [17-19] were performed in Caucasians and 3 [20-22] were
based in Asians. All studies were case-control, including 3 pop-
ulation-based studies and 3 hospital-based studies.

Table 1. Characteristics of the studies included in the meta-analysis.

First author Country

Ethnicity
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Quantitative data synthesis

For HIF-1o. C1772T polymorphism, a variation in the T allele
frequency was identified across the 6 studies, ranging from
0.04 to 0.19 (Table 2). The mean frequency of the T allele in
Caucasian populations was 0.11, which was higher than that
in Asian populations (0.08). There was no significant differ-
ence between Asians and Caucasians (P>0.05).

As shown in Table 3, there was no significant association be-
tween C1772T polymorphism and breast cancer risk in the
overall population in the dominant model (Figure 2, OR 1.13;
95% Cl, 0.94-1.36; Phetemgeneity=0.10, P=0.06) and the recessive
model (OR1.62; 95% Cl 0.83-3.15; P, 0.0, =0-04; P=0.16).

Subgroup analyses were extracted separately according to eth-
nic background (Table 3) and clinicopathological parameters
and habits (Table 4). The subgroup analysis showed C1772T
polymorphism was significantly associated with increased
breast cancer risk in Asians based on homozygote compari-
son (OR 4.42; 95% Cl 1.60-12.21; P =0.93 for TT vs. CC;

heterogeneity
P=0.004) and the recessive model(OR 4.16; 95% Cl 1.51-11.48;
Phetemgeneity=0.91; P=0.006). Interestingly in Caucasians, we found

the opposite result (OR 0.27; 95% Cl 0.07-1.01; Phetemgeneny=0.66
for TT vs. CC; P=0.05). Furthermore, when stratified by clinico-
pathological parameters of breast cancer, there were no as-
sociations between C1772T polymorphism and the parame-
ters in the dominant model, such as menopausal status (OR
0.72; 95% Cl 0.38-1.34; P=0.50), clinical stage (OR 1.01; 95%
Cl 0.69-1.48; P=0.34), lymph nodes (OR 1.15; 95% Cl 0.86—
1.53; P=0.10), histological grade (OR 0.69; 95% Cl 0.46-1.05;
P=0.34), and estrogen receptor (OR 1.10; 95% Cl 0.81-1.50;
P=0.62). When data from breast cancer patients were strati-
fied by habits, no significant associations were found between
the genotypic distribution and cigarette smoking (P=0.95) and
alcohol consumption (P=0.45).

Total sample

Zagouri [18] 2012 Greece Caucasian
CRibeo[17] 2013 Sweden  Caucasian
Nadu[0] 2000  Malaysia . asan
Cleel2l 2008 1 Korea . psian
Ckimpy 2008 Korea . psian
CApaydin[19] 2008 Ty Guesty

Study design G:::m::g S::;:fo‘l)f size (case/
control)

CcC PCR-RELP Hospital 113/124
””””” CC PCRREP  Hospital 9674
””””” CC PCRREP  population 410275
o« PR Hospital  1332/1369
””””” CC sequencing  population 90102
””””” CC PCRRELP  population 1027102

CC - case-control; PCR-RFLP — polymerase chain reaction-restriction fragment length polymorphism.
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Table 2. The genotype and allele frequencies of HIF-1a. C1772T polymorphism in cases and controls.

Genotype (N) Allele frequency (N)

author Control

cC cT

Ribeiro 96 74 21 1 74 61 9 4 12.0/11.5

0.84) (0.16) (0.90) (0.10)
170 10 195 9
K 1 1 102 4.4
m 20 8 8 0 3 ? O (094) (006) (096 (00a) >

Lee 1332 1207 119 6 1369 1245 123 1 ) 4.9/4.6

MAF — minor allele frequencies.

Table 3. Meta-analysis results.

Heterogeneity Effects

Comparisons 95%ClI
P value model

Asian 4.16 1.51-11.48 0.006 0% 0.91 F

F — fixed effects model; R — random effects model.
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Study 0dds ratio M-H, fixed, 95% Cl
Zagouri 2012 N
Ribeiro 2013 I
naidu 2009 —=—
Lee 2008 .
Kim 2008 N
Apaydin 2008 -

»

} } }

l
T T

0.05 0.2 1 5 20
Favours (experimental) Favours (control)

Total (95%Cl) Case 2143 Control 2046

0dds ratio 1.13 [0.94, 1.36]

Heterogeneity: Chi>=9.33, df=>5 (P=0.10); I’=46%
Test for overall effect: Z=1.31 (P=0.19)

Figure 2. Combined meta-analyses of association between
HIF-1o. C1772T polymorphism and risk of breast cancer
in the dominant model.

We used Begg’s funnel plot and Egger’s test to assess the pub-
lication bias. The funnel plots appeared to be symmetrical in
all models and Egger’s test did not reveal any evidence of pub-
lication bias (P>0.05).
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Discussion

HIF-1a has an important role in carcinogenesis; polymorphisms
affecting its activity might conceivably influence tumor progres-
sion and aggressiveness. Consequently, multiple studies have
been performed assessing the role of HIF-1a polymorphisms
as risk factors in cancer. It was reported that HIF-101772 C/T
polymorphism was a risk factor for many types of cancers, in-
cluding head and neck, esophageal, lung, colonic, breast, gastric,
pancreatic, kidney, prostatic, and endometrial cancer [7,23,24].
In breast cancer, HIF-1o. expression has been shown to be as-
sociated with poor overall and disease-free survival [25,26]
and progression of pathological stage [27,28].

HIF-1o0 1772 C/T polymorphism, which induces proline-to-ser-
ine amino acid substitutions, is considered to increase tumor
microvessel density, which result in cancer progression [29]. It
has previously been shown to be associated with the risk for
breast cancer. The present study included 2143 cases and 2046
controls for C1772T polymorphism, and investigated the associ-
ation of HIF-1ae C1772T polymorphism with breast cancer risk.
Subgroup analyses by ethnicity, clinicopathological characteris-
tics, and habits were also extracted, showing that there was no
marked association between C1772T polymorphism and breast
cancer risk in the overall population. In the subgroup analysis

Table 4. Association between C1772T polymorphism and clinico-pathological parameters and habits of the breast cancer patients

based on the dominant models.

Genotype (N)

Clinic index

Association Heterogeneity test

Menopausal status
Premenopausal 93 21
Postmenopausal 121 38

Clinical stage

| 502 61

11+11 472 59
Lymph nodes

Negative 767 131

Positive 567 107
Histological grade

I+ 237 68

I 164 60
ER status

Negative 491 95

Positive 735 116
Cigarette smoking

Yes 15 9

No 131 35
Alcohol intake

Yes 17 8

No 129 35

0.72(0.38-1.34) 0.30 0 2 0.50
1.01(0.69-1.48) 0.97 0 1 0.34
1.15(0.86-1.53) 0.35 51 3 0.10
0.69(0.46-1.05) 0.08 45 2 0.16
1.10(0.81-1.50) 0.52 0 2 0.62
2.24(0.90-5.55) 0.08 0 1 0.95
1.81(0.69-4.76) 0.23 0 1 0.45
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of ethnicity, we found an increased breast cancer risk in Asians
based on homozygote comparison and the recessive model.
However, in the TT vs. CC model of Caucasian populations, we
found the opposite result (TT vs. CC OR=0.27, P=0.05). Ethnicity
may be an essential biological factor that influences C1772T
polymorphism through gene-gene interactions, which was par-
ticularly prominent in breast cancer. It is believed that breast
cancers with different clinicopathological characteristics have
widely divergent prognoses; therefore, we analyzed the associ-
ation between HIF-1oe C1772T polymorphism and clinicopatho-
logical characteristics of breast cancer patients such as meno-
pausal status, lymph node metastasis, clinical stage, histologic
grade, and ER Status. Ultimately, we found no association be-
tween them. We also stratified the association between HIF-1o
C1772T polymorphism and habits, also obtaining negative results.

When interpreting the results of the current study, certain lim-
itations of the meta-analysis must be considered. Firstly, this
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