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Association of Hypoxia-Inducible Factor 1«

Gene Polymorphisms With Breast
Cancer Susceptibility: A Meta-Analysis

Md. Shihabul Islam, MSc!; and Jesmin, PhD?

PURPOSE Overexpression of the hypoxia-inducible factor la (HIF1A) gene is significantly associated with
different types of cancers, including breast cancer. In this study, the effects of single-nucleotide polymorphisms
rs11549465, rs11549467, and rs2057482 of the HIF1A gene and their association with breast cancer were
systematically investigated through meta-analysis.

MATERIALS AND METHODS After a systematic review, nine case-control studies of the HIF1A rs11549465 C/T
polymorphism, six case-control studies of the HIF1A rs11549467 G/A polymorphism, and one case-control
study of the HIF1A rs2057482 C/T polymorphism were included in this meta-analysis. The summary pooled
odds ratios with 95% Cls were evaluated to detect the relationship between HIF1A polymorphisms and breast
cancer susceptibility.

RESULTS Subgroup-stratified analyses showed that the T and TT genotypes of the HIFIA rs11549465 C/T
polymorphism were significantly associated with increased breast cancer risk in the Asian population under
three genetic models (allele, homozygous, and recessive). HIF1IArs11549467 G/A analyses indicated that the A
and AA genotypes were significantly associated with increased breast cancer risk in the Asian population under
allele and dominant models. However, no association with breast cancer was observed in the White population
for the HIF1A rs11549465 C/T and rs11549467 G/A polymorphisms. In addition, the HIFIA rs2057482 C/T
polymorphism showed no association with breast cancer under any genetic models or by ethnicity-stratified
analyses.

CONCLUSION The results of this meta-analysis suggested that the HIF1A rs11549465 C/T and rs1154946 G/A
polymorphisms were significantly associated with increased breast cancer risk in the Asian population, but no
associations were found in the White population. Thus, HIF1A could be an important biomarker for population-
based breast cancer screening.
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INTRODUCTION

Worldwide, breast cancer is the most commonly di-
agnosed cancer in women, accounting for more than 2
million new cases and around 627,000 estimated
deaths from breast cancer in 2018.* About one in 20
females will be diagnosed with breast cancer in their
lifetime.22 The risk of developing breast cancer varies
among women significantly by country, and recent
studies have provided more evidence of genetic
susceptibility with an increased risk of cancer.*®
Several genome-wide association studies (GWASSs)

For patients with cancer, intratumoral hypoxia denotes
higher metastasis risk, poorer prognosis, and lower
response to radiotherapy and chemotherapy.'®'®
Hypoxia-inducible factor la (HIF1A) is an oxygen-
sensitive transcription factor that plays a crucial role
in facilitating cells to adapt to hypoxia through regu-
lating more than 100 genes involved in angiogenesis,
erythropoiesis, metabolic reprogramming, metastasis,
etc.?%2! In recent years, studies have demonstrated the
influence of HIFIA polymorphisms with different
cancer susceptibilities, such as lung, breast, pancre-

have already identified approximately 100 common
variants associated with breast cancer risk.”®

Breast cancer is a heterogeneous complex disease, 13
in which cellular adaptation to hypoxia has been
identified as a crucial step in cancer progression.!#15

atic, and gastric.???®> The most frequently reported
HIFIA single-nucleotide polymorphisms (SNPs) in
association with cancers were the two missense mu-
tation loci rs11549465 and rs11549467 on HIF1IAand
a micro-RNA binding locus rs2057482 regulating
HIFIA expression.??2* |n the literature, some studies
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CONTEXT

Key Objective

Hypoxia-inducible factor 1o (HIF1A), a transcription factor, regulates 100s of genes and plays a crucial role in different cancer
progression. The three most prevalent single-nucleotide polymorphisms: rs11549465, rs11549467, and rs2057482, of
this oxygen-sensing transcription factor play a vital role in the development of breast cancer. A key question that needs to be
addressed is whether the HIFIA gene polymorphisms associated with breast cancer are ethnicity-based or is it an in-
cidence common to all populations.

Knowledge Generated

In this systematic review and meta-analysis, stratified analyses by ethnicity data showed that the HIF1A rs11549465 C/T and
rs11549467 G/A polymorphisms were significantly associated with increased breast cancer risk in the Asian population,
but no such association was observed in the White population.

Relevance

Results from this study indicated that the HIF1A gene polymorphisms rs11549465 and rs11549467 could be an important
biomarker for screening, early detection, and diagnosis in Asian ethnicity.

have reported no significant association of the HIFIA
rs11549465 C/T polymorphism with breast cancer in the
White population®®?” or the Asian population,®® whereas
other studies on the Asian population showed a significant
association between the HIF1A rs11549465 C/T polymor-
phism and breast cancer risk.2%32 Similarly, for the HIF1A
rs11549467 G/A polymorphism, Naidu et al,>® Kim et al,*3

breast cancer in the Asian population and Apaydin et al*®
and Ribeiro et al?” reported the same in White ethnicity.
However, a recent study by Shan et al® concluded a sig-
nificant association in the Chinese population. Thus, several
studies have investigated the impact of HIFIA polymor-
phisms on breast cancer risk in different populations;
however, the available studies are heterogeneous in their

and Sharma et al?® found no significant association with design and operational quality and reported various

TABLE 1. Characteristics of the Eligible Studies Included in the Meta-Analysis

Study Year Country Ethnicity Case/Control Source of Control HWE
rs11549465
Apaydin et al*® 2008 Turkey White 102/102 PB 0.415 (Yes)
Lee et al* 2008 Korea Asian 1,332/1,369 PB 0.250 (Yes)
Kim et al* 2008 Korea Asian 90/102 HB 0.641 (Yes)
Naidu et al*® 2009 Malaysia Asian 410/275 PB 0.922 (Yes)
Zagouri et al*® 2012 Greece White 113/124 HB 0.413 (Yes)
Ribeiro et al*’ 2013 Portugal White 96/74 PB 0.001 (No)
Huang et al*° 2014 Taiwan Asian 96/120 PB 0.000 (No)
Sharma et al*® 2014 India Asian 200/200 HB 0.007 (No)
Bhushann Meka et al®! 2015 India Asian 348/320 PB 0.032 (No)
rs11549467
Apaydin et al®® 2008 Turkey White 102/102 PB 0.839 (Yes)
Kim et al* 2008 Korea Asian 90/102 HB 0.059 (Yes)
Naidu et al®® 2009 Malaysia Asian 410/275 PB 0.898 (Yes)
Ribeiro et al*’ 2013 Portugal White 96/74 PB 0.000 (No)
Sharma et al*® 2014 India Asian 200/200 HB 0.000 (No)
Shan et al** 2018 China Asian 560/583 PB 0.118 (Yes)
rs2057482
Lee et al*? 2008 Korea Asian 1,150/1,048 PB 0.018 (No)

NOTE. P values < .05 were considered as a significant departure from HWE.
Abbreviations: HB, hospital-based; HWE, Hardy-Weinberg Equilibrium; PB, population-based.
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Identification of studies through
database searching (PubMed, PMC,
Web of Science, and Google
scholar; N = 198)

Studies after removing duplicates
(n=194)

Studies after screening
(n=194)

Additional records
through other sources
(N=0)

Identification

Studies excluded
(n =144)

Full-text articles
removed with reasons
(n =40)

Full-text articles assessed
for eligibility
(n =50)

Subset of studies selected for
rs11549465 C/T
rs11549467 G/A
rs2057482 C/T

Eligibility

From (n = 10) articles

(n=9)
(n=6)
(n=1)

FIG 1. Flow diagram of the study selection for the HIF1A polymor-
phisms (rs11549465, rs11549467, and rs2057482) and breast
cancer, where n is the number of corresponding studies. C/T and G/A
are alleles. HIF 1A, hypoxia-inducible factor 1a; PMC, PubMed Central.

inconclusive results across studies.?>3* As yet, there was no
study exploring the association of the HIFIA gene poly-
morphisms rs11549465 C/T, rs11549467 G/A, and
rs2057482 C/T with breast cancer risk together, thus, in this
study, we have systematically investigated the association
between these three SNPs of the HIFIA gene and sus-
ceptibility to breast cancer through meta-analysis.

MATERIALS AND METHODS
Search Strategy and Study Selection

To retrieve eligible peer-reviewed publications of empirical
studies, PubMed, PubMed Central, Web of Science, and
Google Scholar databases were searched systematically.
The articles published in the English language between the
years 2008 and 2019 were only considered in this inves-
tigation. The search criteria used to find out the eligible
studies were as follows: (1) hypoxia-inducible factor-1A, (2)
HIFIA, (3) SNPs, (4) polymorphisms, (5) rs11549465, (6)
rs11549467, (7) rs2057482, (8) cancer, (9) case-control
study, and (11) breast cancer. Advanced searches were
conducted with the combination of phrases using Boolean
operators (AND, OR, and NOT). The references of the
related reviews and articles were further searched manually
for incorporating additional relevant publications.

Eligibility Criteria and Data Extraction

Two investigators independently screened the titles and
abstracts of all the research articles on the basis of the
inclusion and exclusion criteria. Full texts were assessed
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when it is difficult to make the selection just on the basis of
the abstract. Only case-control studies of breast cancer with
HIF1A gene polymorphisms, GWAS, and human research
were included for the final review. The published articles in
the English language were only considered for this study,
and any discrepancies in extracting data were resolved by
discussion. Editorials, reviews, meta-analyses, and non-
human research were excluded. In addition, the studies
with the following criteria were excluded: (1) study in
nonhuman participants or in vitro studies, (2) study with
duplicate or overlapping data, (3) articles without full text
available, (4) articles with incomplete data on population
ethnicity, (5) articles with incomplete allele frequencies
data, and (6) articles without the timeline of the study
clearly defined. Studies for the final review included: (1)
authors name, (2) year of publication, (3) country, (4)
ethnicity, (5) allele frequency data, (6) sample size, and (7)
sources of control (Table 1).

Meta-Analysis

The meta-analysis was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses statement.® From the final 10 included articles,
the case-control studies of the HIF1A gene polymorphisms:
(1) rs11549465 C/T comprising a sample size of 5,473, (2)
rs11549467 G/A of sample size 2,794, and (3) rs2057482
C/T with a sample size of 2,198, were included in this meta-
analysis.

Statistical Analysis

Meta-analysis of the HIFIA gene polymorphisms
(rs11549465 C/T, rs11549467 G/A, and rs2057482 C/T)
and breast cancer susceptibility was evaluated using an
odds ratio (OR) with a 95% CIl. The OR measures the
association between exposure and outcome. The strength
of association was measured by the magnitude of OR. In
case-control studies, OR > 1.0 indicates an increased
occurrence of an event.® In the calculation of ORs, to
avoid the computation of reciprocal of zeros among ob-
served values (if present), a slightly adjusted estimator of
OR was used.® The |2 statistic®” and y? test®® were used for
heterogeneity among studies assessment (12 > 50% in-
dicating the presence of heterogeneity). If the study is
heterogeneous, pooled ORs with 95% Cls were calculated
using a random-effects model incorporating the inverse
variance-weighted method3%°; otherwise, a fixed-effects
model was adopted,** and a Pvalue < .05 was considered
statistically significant. Subgroup analyses were stratified
by ethnicity. The Hardy-Weinberg Equilibrium (HWE) test
was performed on the control group for each study.
Studies with control not in HWE (P < .05) were supervised
with sensitivity analysis. Furthermore, publication bias in
the eligible studies was assessed by Begg's* funnel plot
and Egger's® test. All statistical analyses were performed
using Stata 13.0 software (Stata Corporation, College
Station, TX).
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TABLE 2. Meta-Analysis of the Hypoxia-Inducible Factor 1a rs11549465 C/T, rs11549467 G/A, and rs2057482 C/T Polymorphisms Associated With Breast Cancer

Ethnicity® Study No. Sample Size OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% ClI) P
rs11549465 TTvCC CTvCC TT+CTvCC TTvCT + CC TvC

Overall 9 5,473 1.87 (0.86 to 4.08) 114 1.13(0.84t0 1.52) .409 1.32 (090 to 1.93) .156 1.80 (0.89 to 3.65) 105 1.35(091 to 2.00) .134

Asian 6 4,862 297 (1.83t04.83) <.001 1.20(0.84to1.74) .318 158 (097 t0 2.57) .064 272 (1.68t04.42) < .00l 1.69(1.03t02.77) .038

White 3 611 0.44 (0.16 to 1.22) 114 095 (0.63to 1.44) 810 0.86(0.58t01.29) .474 0.45(0.17 to 1.23) 121 0.80 (0.65to0 1.14) .217
1s11549467 AA v GG GA v GG AA + GA v GG AA v GA + GG AvG

Overall 6 2,794 1.29 (0.58 t0 2.87) 525  1.26 (095t0 1.68) .106 1.29 (098 t0 1.70) .073 1.27 (0.58 to 2.82) 551 1.29 (1.00 to 1.68) .054

Asian 4 2,420 1.40 (0.59 to 3.34) 448  1.31 (09910 1.75) .064 1.34 (1.01 to 1.77) .042 1.37 (0.57 to 3.26) 478  1.34(1.03t0 1.74) .031

White 2 374 0.86 (0.12 to 6.19) 883 032(0.06t01.79) .197 0.32(0.06t01.79) .197 0.88(0.12 to 6.31) 898 0.33 (0.06 to 1.80) .200
1s2057482 TTvCC CTvCC TT+CTvCC TTvCT + CC TvC

Asian 1 2,198 0.95 (0.61 to 1.47) 815 093(0.78t0 1.10) .395 0.93 (0.78t0 1.10) .395  0.98 (0.63 to 1.50) 917 0.95(0.821t0 1.09) .457

NOTE. A, T, G, and C are alleles. AA, CCCT, GG, GA, and TT are allelic combinations.
Abbreviation: OR, odds ratio.
“The value of ORs for the ethnicity subgroups represents the overall breast cancer risk.
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FIG 2. Forest plot of the hypoxia-inducible factor
la gene rs11549465 C/T polymorphism for the
(A) allelic (T v C), (B) recessive (TT v CT + CC),
and (C) homozygous (TT v CC) models, showing
the overall association with breast cancer
susceptibility. The squares and horizontal lines
correspond to the individual study-specific ORs
with 95% Cls. The blue areas of the squares
represent the corresponding study weight. The
blue diamonds reflect the pooled OR, and the
lateral points of the diamonds represent the Cls of
the overall analyses. The solid vertical lines are the
OR of 1, which are the lines of no effect. The red
dashed vertical lines show the corresponding
pooled ORs of the analyses. C and T are alleles.
CC, CT, and TT are allelic combinations. OR, odds
ratio.
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Study ID OR (95% CI) % Weight
T
White '
Apaydin et al® H 0.59 (0.34t0 1.02)  11.16
Zagouri et al”® T 0.97 (0.4710 1.98)  9.62
Ribeiro et al”’ <:—‘4_| 1.05 (0.54 t0 2.04)  10.08
B |
Subtotal (I = 4.0%, P = .353) ! 0.80(0.55t0 1.16)  30.87
1
Asian !
Lee et al*? T 1.08 (0.84t0 1.39)  13.44
Kim et al*® — T 1.27 (0.51t0 3.21)  7.95
Naidu et al*® T 1.69 (1.21t0 2.36)  12.90
Huang et al*® ! % 14.84(6.90t03191) 9.23
Sharma et al® _*::_ 0.96 (0.65t0 1.42)  12.47
Bhushann Meka et al®' T 1.13(0.8410 1.52)  13.14
Subtotal (I? = 89.2%, P =.000) T 1.69 (1.03t0 2.77)  69.13
1
Overall (I” = 85.4%, P=.000) <<.:> 1.35 (0.9110 2.00)  100.00
NOTE. Weights are from random-effects analysis| !
T T
0.0313 1 31.9
Study ID OR (95% CI)  %Weight
T
White !
Apaydin et al®® —‘__: 0.49 (0.12t0 1.99)  9.52
Zagouri et al*® | 1.10 (0.07 to 17.73)  2.46
Ribeiro et al”’ H 0.30 (0.06to 1.57)  6.84
Subtotal (I = 0.0%, P= .724) = 0.45(0.16t0 1.23)  18.81
1
Asian '
Lee et al* T 3.61(0.75t0 17.41)  7.69
Kim et al*® ] 2.29 (0.20to 25.66)  3.26
Naidu et al*® T = 2.94(0.98108.82)  15.72
Huang et al* 1 T 7.18(2.6110 19.70)  18.66
—_—
Sharma et al*® | 1.09 (0.45t02.64)  24.59
Bhushann Meka et al®' T =" 3.13(0.85t0 11.47) 11.27
Subtotal (I? = 36.5%, P=.164) '\l/>| 272 (1.6810 4.42)  81.19
1
Heterogeneity between groups: P=.002 H
Overall (I* = 56.7%, P=.018) <§> 1.94(1.26 t0 3.00)  100.00
T T
0.039 1 25.7
Study ID OR (95% Cl) % Weight
White '
Apaydin et al®® 1 ! 0.43(0.10to0 1.79)  9.49
Zagouri et al*® ] 1.09 (0.07 to 17.68)  2.48
Ribeiro et al” H 0.33(0.06t0 1.76)  6.86
Subtotal (12 = 0.0%, P=.771) = ! 0.44(0.16t0 1.21)  18.83
1
Asian ,
Lee et al* v T 361(0.75t017.41) 7.76
Kim et al® 5 2.29 (0.20t0 25.75)  3.29
Naidu et al® T = 3.21(1.07t0 9.68)  15.80
1
Huang et al® | T 997(360t027.62) 18.49
Sharma et al*® —mm 1.08 (0.44 t0 2.61)  24.51
Bhushann Meka et al®’ T 3.12(0.85t0 11.47)  11.33
Subtotal (1> =52.7%, P=.061) O: 2.97 (1.83t0 4.83)  81.17
1
Heterogeneity between groups: P=.001 !
2
Overall (I” = 63.9%, P =.005) > 2.08(134103.22)  100.00

0.0362

27.6
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A
Study ID OR (95% Cl) % Weight
1
White !
< ]
Apaydin et al?® < : 0.20 (0.02t0 1.69)  1.48
Ribeiro et al?’ i 0.77 (0.05 to 12.44)  0.89
Subtotal (12 =0.0%, P = .445) <:>f 0.33 (0.06 to 1.80) 2.36
1
1
Asian !
Kim et al®® T 0.44 (0.141t0 1.43)  4.95
Naidu et al?® - 1.27 (0.87 to 1.85)  48.50
Sharma et al®® 1.00 (0.06 to 16.04)  0.89
34 ——
FIG 3. Forest plotof the hypoxia-inducible factor 1o gene Shan et al ) \ o 1'2‘21 :1'82 IO f;‘l; gg'gi
rs11549467 G/A polymorphism for the (A) allelic (A v G) Subtotal (I"=32.4%, P=.218) ! ’ osto :
and (B) dominant (AA + GA v GG) models, showing the Heterogeneity between groups: P=.110 H
overall association with breast cancer susceptibility. The :
. . o Overall (I = 34.0%, P=.181
squares and horizontal lines correspond to the individual v ( ° ) <€> 1.29(1.00t0 1.68)  100.00
study-specific ORs with 95% Cls. The blue areas of the 0_0'227 1 4'4
squares represent the corresponding study weight. The
blue diamonds reflect the pooled OR, and the lateral B
points of the diamonds represent the Cls of the overall
analyses. The solid vertical lines are the OR of 1, which Study ID OR (95% CI) % Weight
are the line of no effect. The red dashed vertical lines White i
show the corresponding pooled ORs of the analyses. A Apaydin et al?® < E 0.19 (0.02 to 1.67) 1.65
and G are alleles. AA, GA, and GG are allelic combi- Ribeiro et al”’ i 0.77 (0.05 to 12.57) 0.99
nations. OR, odds ratio. Subtotal (I?=0.0%, P =.440) <:% 0.32(0.06t0 1.79)  2.64
Asian :
Kim et al*® e 0.48 (0.14t0 1.61) 5.24
Naidu et al?® - 1.26 (0.84 to 1.88) 47.02
Sharma et al® 1.00 (0.06 to 16.10) 1.00
Shan et al** - 1.63 (1.07 to 2.47) 44.11
Subtotal (12 = 19.6%, P = .292) |0 1.34(1.01to 1.77) 97.36
1
Heterogeneity between groups: P=.109 H
1
Overall (I? = 27.5%, P =.228) 1.29 (0.98 to 1.70) 100.00
T T L T
0.0221 1 45.3
A B
3 4
o
2 2 4
E —
S S
= 1 - 0 v [
j=2] 81 ° o
S ., 2
0 20 o (<] -2
o
-1 4 -4 4
T T T T T T T
0.0 0.2 0.4 0.0 0.5 1.0 15
SE of Log (OR) SE of Log (OR)

FIG 4. Funnel plots (pseudo 95% Cl limits) of studies evaluating the risk of breast cancer associated with the hypoxia-
inducible factor 1a gene polymorphisms: (A) T versus C allelic model of the rs11549465 C/T polymorphism and (B) A
versus G allelic model of the rs11549467 G/A polymorphism. A, C, G, and T are alleles. OR, odds ratio.
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A HIF1A rs11549465 C/T polymorphism
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FIG 5. Worldwide prevalence of the HIF1A gene polymorphisms: (A) rs11549465 C/T, (B) rs11549467 G/A, and (C) rs2057482 C/T poly-
morphisms and allele frequency data from the 1,000 Genomes Projects (phase Ill). A, C, G, and T are alleles. HIF1A, hypoxia-inducible factor 1a.
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100 4 Allele (%) in Asian Breast Cancer Cases of the Included Studies
W Callele Population  Country CAllele (%) T Allele (%)
M T allele
— Asian (total) 89.74 + 10.47 10.26 + 10.47
x
— . India?® 85.50 14.50
> South Asian
2 (total) India®' 83.91 16.09
@
g_ 84.49 + 1.12 15.561 + 1.12
E 32
i Korea 95.08 4.92
@ . Korea® 94.44 5.56
) East Asian
< (total) Malaysia®® 83.90 16.10
Taiwan®° 66.15 33.85
91.23 + 13.51 8.77 + 13.51
Asian South Asian East Asian
Population
100 - Allele (%) in Asian Breast Cancer Cases of the Included Studies
W Gallele ISR Count GAllele (%) A Allele (%)
= A allele opulation ountry ele (% ele (%
S 80
= Asian (total) 94.05 + 4.56 5.95 + 4.56
>
(&) . + 028
S 60 South Asian India 100.0 0.0
=> Korea33 98.33 1.67
[«})
= Malaysia? 89.76 10.24
L 40 - East Asian Y
2 China®* 94.38 5.62
=2 (total)
<
20 4 92.92 +4.29 7.08 +4.29
0 .
Asian South Asian East Asian
Population

FIG 6. Prevalence of allele frequency of the HIFIA gene (A) rs11549465 C/T and (B) rs11549467 G/A polymorphisms in Asian populations from
the 1,000 Genomes Projects (phase I11) and the allele frequency in breast cancer cases from the included studies of this meta-analysis. A, C, G,and T

are alleles. HIF1A, hypoxia-inducible factor la.

Summary Measures

Pooled ORs with a 95% Cl were computed from studies by
allelic comparisons (T vC), dominant model (TT + CT v CC),
recessive model (TT v CT + CC), homozygote comparisons
(TT vCC), and heterozygote comparisons (CT v CC) for both
rs11549465 C/T and rs2057482 C/T polymorphisms of the
HIFIA gene. The genotype contrasts for the HIFIA
rs11549467 G/A polymorphism were as follows: homozygote
comparison (AA vGG), heterozygote comparison (GA vGG),
dominant model (AA + GA v GG), recessive model
(AA v GA + GG), and the allele comparison model (A v G).
The statistical significance level was based on a Z-test with a
P value < .05.

8 © 2022 by American Society of Clinical Oncology

RESULTS
Characteristics of the Selected Studies

Initially, after the screening of the titles and abstracts, 194
articles were identified and were further assessed in full
text. After the inclusion and exclusion criteria, 10
studies?®>* were finally enrolled to collect data for the meta-
analysis (Fig 1 and Data Supplement). Among the 10
enrolled articles, nine case-control studies of the HIFIA
rs11549465 C/T polymorphism, including 2,787 cases and
2,686 controls; six case-control studies of the HIFIA
rs11549467 G/A polymorphism, including 1,458 cases
and 1,336 controls; and a single case-control study of the
HIF1A rs2057482 C/T polymorphism, comprising 1,150
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cases and 1,048 controls, were included to explore the
relationship with breast cancer risk. The characteristics of
the included studies are shown in Table 1, and in most, the
source of control was population-based (PB): seven of the
included case-control studies were on the Asian population
and the other three were on the White population. The
sources of control were PB in seven studies and hospital-
based in three studies (Table 1).

Association of the HIF1Ars11549465 C/T Polymorphism
With Breast Cancer Risk

The pooled ORs for overall analyses suggested that the
HIF1Ars11549465 C/T polymorphism was not significantly
associated with breast cancer under any of the five genetic
models (Table 2 and Data Supplement). However, the
subgroup-stratified analyses data by ethnicity for the Asian
population suggested that the T allele and TT genotype of
HIF1A rs11549465 C/T polymorphism were significantly
associated with increasing breast cancer risk in homozy-
gote comparison (TT v CC: OR = 2.97; 95% Cl, 1.83 to
4.83; P value < .001), recessive model (TT v CT + CC:
OR =2.72;95% Cl, 1.68 t0 4.42; Pvalue < .001), and the
allele model comparison (T vC: OR =1.69; 95% Cl, 1.03 to
2.77; Pvalue = .038; Fig 2 and Table 2). The magnitude of
ORs > 2 and P values < .001 indicated a strong associ-
ation between the HIF1A rs11549465 C/T polymorphism
and breast cancer. However, the analyses data for the
HIF1A rs11549465 C/T polymorphism suggested no sig-
nificant effect on the White population.

Sources of Heterogeneity

Statistically significant heterogeneity was observed across
the included studies of the HIFI1A rs11549465 C/T poly-
morphism for overall cancer risk in all five genetic models (T
vC:Q=54.62,df =8, Pvalue <.001,12=85.4%: TT vCC:
Q=22.17,df =8, Pvalue = .005, 1> = 63.9%; CT v CC:
Q=21.53,df=8, Pvalue =.006, I2=62.8%; TT + CT vCC:
Q =40.48, df =8, Pvalue < .001, 1> =80.2%; and TT v
CT + CC: Q = 18.49, df = 8, Pvalue = .018, I> = 56.7%).
However, when stratified on the basis of subgroup analysis
by ethnicity, heterogeneity disappeared in the White pop-
ulation. The results suggested that the studies in Asian
ethnicity were the main sources of heterogeneity (Data
Supplement).

Association of the HIF1Ars11549467 G/A Polymorphism
With Breast Cancer

The pooled ORs for the overall analyses suggested no
significant association between the HIF1Ars11549467 G/A
polymorphism and breast cancer under any genetic model
(Table 2 and Data Supplement). However, the subgroup-
stratified analyses by ethnicity for the Asian population
suggested that the A allele and the AA genotype of HIFIA
rs11549467 G/A polymorphism were significantly associ-
ated with increased breast cancer risk in the allele model (A
vG:OR=1.34;95% Cl, 1.03 to 1.74; Pvalue = .031) and
the dominant model comparisons (AA + GA v GG:
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OR =1.34; 95% ClI, 1.01 to 1.77; P value = .042; Fig 3;
Table 2). The magnitude of the OR > 1 and Pvalues < .05
indicated a significant association of the HIFIA
rs11549467 G/A polymorphism with breast cancer. The
analyzed data from studies on White ethnicity revealed no
significant association between the rs11549467 G/A
polymorphism and breast cancer risk.

Sources of Heterogeneity

No significant heterogeneity was observed in the HIFIA
rs11549467 G/A polymorphism analyses under any of the
genetic model comparisons for overall cancer (Data
Supplement).

Association of rs2057482 C/T Polymorphism With Breast
Cancer Development

The results of the pooled ORs indicated no significant
association between the HIF1A rs2057482 C/T polymor-
phism and breast cancer risks under any of the five genetic
models (Table 2).

Publication Bias

The evidence of publication bias within this meta-analysis
of the HIF1A rs11549465 C/T polymorphism for T versus C
allele and the HIF1A rs11549467 G/A polymorphism for A
versus G allele was assessed using both Begg's funnel plot
and Egger’s test. Funnel plot shapes demonstrated sym-
metrical distribution, and no publication bias was detected
for the HIF1A rs11549465 C/T (T v C allele: Z = 0.94,
Pvalue = .348) polymorphism and the HIF1A rs11549467
G/A (A vG allele: Z=0.38, Pvalue = .707) polymorphism
(Fig 4 and Data Supplement). In addition, Egger’s linear
regression analyses suggested no evidence of significant
publication bias for the HIFIA rs11549465 C/T polymor-
phism (T v C allele: t = 0.71, P value = .50) and for the
HIFIA rs11549467 G/A polymorphism (A v G allele:
t=-2.01, Pvalue = .115; Fig 4 and Data Supplement).

Sensitivity Analysis

To evaluate the stability of the acquired pooled ORs of the
HIF1A rs11549465 C/T and rs11549467 G/A polymor-
phisms, the sensitivity analysis was carried out by excluding
the studies that were not in HWE. The results demonstrated
no significant fluctuations in the pooled ORs by omitting any
individual study that was not in HWE (Data Supplement).
Thus, none of the studies influenced the combined overall
results substantially in this meta-analysis and confirmed
that the obtained results of the meta-analysis were stable
and robust.

DISCUSSION

The results of this meta-analysis showed no significant
association between the HIF1A rs2057482 C/T polymor-
phism and breast cancer risk. For the two missense SNP
variants of the HIFIA genes rs11549465 C/T and
rs11549467 G/A, although the overall pooled ORs showed
no association with breast cancer, the subgroup stratified
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by ethnicity analyses showed a significant association
between the HIF1A rs11549465 C/T polymorphism and
increasing breast cancer risk in the homozygote, recessive,
and allele model comparisons for the Asian population. In
addition, a significant association between the HIFIA
rs11549467 G/A polymorphism and increasing breast
cancer risk was observed under the allele and dominant
model comparisons in the Asian population. However, the
subgroup analyses by ethnicity for the White population
showed no association with rs11549465 C/T or
rs11549467 G/A polymorphisms of the HIFIA gene.

To understand this Asian ethnicity—based association with
breast cancer propensity, we interrogated three publicly
available databases: 1000 Genome browser phase [l1,%
NCBI variation database dbSNP,* and PGG.SNV,* to
review the current knowledge of allele frequency for the
HIFIA variants rs11549465 C/T, rs11549467 G/A, and
rs2057482 C/T in the overall worldwide population and
then compared that with the subgroup of the Asian and
White ethnicity (Fig 5). Furthermore, we interrogated the
1000 Genome browser (phase Ill) for the allele frequency of
the HIF1A rs11549465 C/T and rs11549467 G/A variants
in the Asian population overall and then compared that with
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