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Abstract

Objective: This meta-analysis aimed to update knowledge about the association between the

SLC4A7 variant rs4973768 and breast cancer incidence.

Methods: Studies were identified from relevant digital databases. Fixed- or random-effects

models were used to calculate odds ratios and 95% confidence intervals. Statistical Q and I2

tests and sensitivity analyses were used to detect interstudy heterogeneity and test the statistical

stability of overall estimates, respectively. Egger’s tests were applied to detect publication bias

among included studies. In silico analysis was used to ascertain increased expression of SLC4A7

mRNA in rs4973768 with the mutant allele. Trial sequential analysis was used to calculate the

study’s sample size.

Results: The overall odds ratios reflected a positive correlation between the SLC4A7 rs4973768

polymorphism and susceptibility to breast cancer in five genetic comparisons of alleles T and C,

and tests revealed significant heterogeneity in the allele comparison. After stratification by eth-

nicity, heterogeneity in Asian and White populations substantially decreased (Ph¼ 0.984, I2¼ 0%)

and remained stable (Ph¼ 0.083, I2¼ 46.3%), respectively. The mutant allele was associated with

increased expression of SLC4A7 mRNA in rs4973768. The cumulative z curve indicated that our

conclusions were robust.

Conclusions: Our updated consequence shows that the SLC4A7 rs4973768 polymorphism is

associated with increased breast cancer risk.
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Introduction

Breast cancer is one of the most common
cancers in women worldwide and accounts
for 30% of female cancers in the USA, rank-
ing first among female malignant tumors.1

In its 2020 statistics, China’s National
Cancer Center reported 416,371 new cases
of female breast cancer, ranking first in the
number of new cases of female cancer in
China.2 Breast cancer is mostly sporadic,
and some breast cancers are hereditary.
The pathogenesis of breast cancer is not
completely clear.3 A variety of gene changes
produce abnormal gene products or func-
tional changes that can lead to breast
cancer. Therefore, identifying breast cancer
susceptibility genes is very important.4

As a possible substrate of tyrosine kinase,
the SLC4A7 protein was shown to be down-
regulated in cell lines and neoplastic tis-
sues.5,6 SLC4A7 rs4973768 exists in the
30-UTR, whose specific function remains
unclear.5,6 Because the variant was first asso-
ciated with susceptibility to breast cancer in
2009,7 a large number of studies have succes-
sively investigated the association between
rs4973768 and breast cancer risk.8–17 However,
subsequent studies have yielded inconsistent
results. A meta-analysis on the relationship
between SLC4A7 rs4973768 and breast
cancer was conducted in 2012.18 However,
several new studies have examined the rela-
tionship between the rs4973768 variant and
breast cancer risk since 2012.13–17 Therefore,
to update the knowledge of the relationship
between rs4973768 and breast cancer risk, we
conducted a meta-analysis incorporating rel-
evant studies published before 2022 and
assessed the robustness of our conclusions
using trial sequential analysis (TSA).

Methods

This study was approved by the ethics com-

mittee of the First Affiliated Hospital of

Xi’an Jiaotong University and was con-

ducted in accordance with the Declaration

of Helsinki. The systematic review and

meta-analysis were designed and reported

in accordance with the 2020 preferred

reporting items for systematic reviews and

meta-analysis guidelines.19 In error, we did

not prospectively register this trial; however,

we have now registered the trial retrospec-

tively in INPLASY (registration number

202320013).

Search strategy

A comprehensive literature search was con-

ducted in academic databases including

PubMed, Embase, Medline, Google

Scholar, the Cochrane Library, the Chinese

National Knowledge Infrastructure, and

Wanfang. Combinations of keywords, such

as “BC, breast carcinoma or breast neo-

plasm” and “rs4973768 or SLC4A7,” were

used in our search strategy. After reviewing

the included articles, further relevant articles

were assessed for incorporation into our

research.

Selection criteria

The inclusion criteria for the meta-analysis

were the following: 1) studies with both case

and control groups; (2) studies assessing the

relationship between the SLC4A7 rs4973768

polymorphism and susceptibility to breast

cancer; (3) studies with sufficient informa-

tion such as genotype frequency to allow

the generation of odds ratios (ORs) and
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95% confidence intervals (95% CIs); and (4)
full-text articles of studies with human par-
ticipants. Studies that met any of the follow-
ing criteria were excluded: (1) conference
abstracts, comments, reviews, case reports,
or editorials; (2) studies with inadequate
data for OR calculations; (3) studies without
control groups; and (4) animal studies.

Quality assessment

All included studies were assessed for quality
using the Newcastle–Ottawa Scale. The scale
measures three aspects—selection, compara-
bility, and exposure— and has a total score
of 9. The studies could therefore be catego-
rized based on their final score as high (score
higher than 6), medium (score between 4 and
6), or low (score lower than 4) quality.

Data extraction

Data extraction was conducted by two
reviewers separately. Incompatible opinions
were resolved through discussion to reach a
final agreement. The information acquired
from each suitable study was the first
author’s name, publication year, patient eth-
nicity, disease type, the sum of cases and
controls, genotype and/or allele frequencies
in case and control groups, and evidence of
Hardy–Weinberg equilibrium in controls.

Statistical analysis

All data analyses were calculated using
STATA software version 17.0 (StataCorp
LP, College Station, TX, USA). The strength
of the association between the SLC4A7
rs4973768 variant and breast cancer suscepti-
bility was determined by calculating pooled
ORs and 95% CIs. The interstudy heteroge-
neity assumption was examined using
v2-based q-statistics and I2 tests. If heteroge-
neity was deemed significant (P< 0.05 in the
Q test or I2> 50%), the random-effects
model was used to obtain summarized OR
estimates using the DerSimonian and Laird

method; otherwise, the fixed-effects model
was applied using the Mantel–Haenszel
method. Additionally, when the heterogeneity
between studies was statistically significant,
subgroup analysis was conducted to identify
potential causes of heterogeneity. Egger’s
linear regression tests were used to assess
probable publication bias among the studies.
The stability of the joint consequences was
inspected by applying a sensitivity analysis
in which each of the studies in the analysis
was sequentially removed, and then summary
ORs were recalculated to observe changes
between the original and recalculated
ORs. P< 0.05 was considered statistically
significant.

In silico analysis and trial sequential
analysis

To explore the influence of polymorphisms
on SLC4A7, we replicated the association
between the rs4973768 variant and SLC4A7
expression levels using the GTEx Analysis
Release V6 (dbGaP Accession phs000424.
v7.p2) database.20

TSA was conducted in accordance with
the guideline of a former publication.21 We
set a significance of 5% for type I error and
a 20% significance for type II error to cal-
culate the required sample size and built the
TSA monitoring boundaries.

Results

Study characteristics

In the online databases, 83 potentially rele-
vant papers were identified through our
search strategy. After identification and
screening, 10 eligible articles covering inde-
pendent studies on rs4973768 were ulti-
mately included in our meta-analysis
(Figure 1).8–17 Among these studies, seven
and three offered information on White8–10,
13,14,16,17 and Asian populations11,12,15,
respectively. Table 1 provides more
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comprehensive information on the studies

included in the meta-analysis.

Meta-analysis results

Data on the association between the

SLC4A7 rs4973768 variant and breast

cancer risk are summarized in Table 2.

The joint results proved that the SLC4A7

rs4973768 polymorphism increased suscep-

tibility to breast cancer in five genetic com-

parisons of allele T versus allele C

(OR¼ 1.1, 95% CI¼ 1.05–1.14, P< 0.001),

TTþCT versus CC (OR¼ 1.12, 95%

CI¼ 1.06–1.18, P< 0.001), TT versus

CCþCT (OR¼ 1.1, 95% CI ¼1.06–1.14,

P< 0.001), TT versus CC (OR¼ 1.17,

95% CI¼ 1.09–1.25, P< 0.001), and CT

versus CC (OR¼ 1.1, 95% CI¼ 1.04–1.16,

P¼ 0.001).

Heterogeneity test

The statistical results of the Q and I2 tests

indicated obvious heterogeneity in the allele

T versus allele C comparison (Figure 2).

Therefore, the random-effects model was

applied to calculate ORs in this comparison.

Figure 1. Flowchart for literature search and selection.
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The fixed-effects model was applied for

genetic comparisons of the remaining four

types of heterogeneity, which can be ignored

(Supplementary Figure 1).
Subgroup analysis was conducted when

significant heterogeneity was observed in

the comparisons. The results demonstrated

that racial differences explained the signifi-

cant heterogeneity of most or all sources.

After stratification by race, the heterogeneity

in the Asian population substantially

decreased (Ph¼ 0.984, I2¼ 0%); however,

the heterogeneity in the White population

remained (Ph¼ 0.083, I2¼ 46.3%). All details

are summarized in Supplementary Figure 2.

Sensitivity analysis

Results of sensitivity analysis indicated no

material differences between original ORs

and ORs recalculated after deleting any

single eligible study (Figure 3) in all the

comparisons, implying that our results

were dependable and stable.

Publication bias

Potential publication bias can be assessed

with a visual inspection of Egger’s funnel

plots and has statistical consequences. In

our study, plot and P value (P> 0.05) results

of Egger’s linear regression tests (Figure 4)

revealed no significant publication bias

among included studies in all comparisons.

In silico analysis and trial sequential

analysis

The results of the GTEx portal database

analysis indicated that the presence of the

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

First author Year Race

Sample size Case genotype Control genotype
NOS

scoreCase Control CC CT TT CC CT TT HWE

Antoniou 2010 White 8809 7627 2162 4357 2290 1984 3799 1844 8 Y

Bhatti 2010 White 780 1005 200 378 202 265 491 249 8 Y

Campa 2011 White 8338 11,547 2388 4035 1915 3457 5615 2475 8 Y

Wonshik Han 2011 Asian 3303 3497 1913 1213 177 2195 1143 159 8 Y

Chien-yu Lin 2012 Asian 88 70 58 22 8 45 23 2 8 Y

Bayraktar 2013 White 184 536 42 92 50 144 264 128 8 Y

Barrdahi 2014 White 14,616 17,567 3647 7397 3572 4657 8847 4063 8 Y

Xu Li 2016 Asian 459 549 246 190 23 329 194 26 8 Y

Michelle Rath 2019 White 450 1142 87 224 139 311 568 263 8 Y

Asuman 2020 White 101 100 14 51 36 18 48 34 8 Y

NOS: Newcastle–Ottawa Scale; HWE: Hardy–Weinberg equilibrium; Y signifies conforming to HWE.

Table 2. Result of meta-analysis of the SLC4A7 rs4973768 polymorphism and breast cancer risk.

Study groups OR (95% CI, P) Ph I2 (%) Model

Allele model 1.1 (1.05–1.14, <0.001) 0.038 49.4 R

Dominant model 1.12 (1.06–1.18, <0.001) 0.074 42.6 F

Recessive model 1.1 (1.06–1.14, <0.001) 0.385 6.1 F

Homozygote model 1.17 (1.09–1.25, <0.001) 0.134 34.2 F

Heterozygote model 1.1 (1.04–1.16, <0.001) 0.101 38.6 F

P, the p-values of the association; Ph, p-value of Q test for heterogeneity; R, random-effect model; F, fixed-effect model.
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mutant allele was associated with the
increased expression of SLC4A7 mRNA in
the rs4973768 variant (P¼ 0.00069, Figure 5).

The TSA result is shown in Figure 6. The
required sample size was 109,971 samples,
and the cumulative z curve crossed the trial
sequential monitoring boundary before
reaching the required sample size, signifying
that our conclusions were robust.

Discussion

Breast cancer tumors are some of the most
common malignant tumors among women,
and targeted therapy of breast cancer is
the hot spot of precision treatment.22–24

Targeted therapy refers to the delivery of
a specific combination of drugs to carcino-
genic sites in the body to cause the death of
tumor cells without affecting normal tissues

and cells around the tumor.25–27 this meta-
analysis aimed to update the knowledge of
the relationship between the rs4973768
single nucleotide polymorphism of the
SLC4A7 gene and breast cancer to poten-
tially provide support for future research on
targeted gene therapy for breast cancer.

SLC4A7 is essential for encoding the
sodium bicarbonate cotransporter,28 influ-
ences the adjustment of intracellular pH
drawn into visual and auditory sensory
transfer and may be associated with suscep-
tibility to cancer and cancer severity.5,6,29

However, genome-wide association studies
have extensively examined the association
between the SLC4A7 rs4973768 polymor-
phism and breast cancer risk and reported
inconsistent results.17,30–32 Therefore, we
used a meta-analysis to more precisely
explore the correlation.

Figure 2. Forest plot for the association between the SLC4A7 rs4973768 polymorphism and breast cancer
risk (including ethnicity subgroup analysis) in allele T vs allele C. The squares and horizontal lines correspond
to the study-specific odds ratio (OR) and 95% confidence interval (CI), respectively. The area of the squares
reflects the weight (i.e., inverse of the variance). The diamond represents the summary OR and the 95% CI.
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Figure 3. Sensitivity analysis for testing the sta-
bility of the overall estimate in allele T vs allele C
(a), TTþCT vs CC (b), TT vs CCþCT (c), TT vs
CC (d), and CT vs CC (e) comparisons.

Figure 4. Egger’s publication bias plot and p-value
in allele T vs allele C (a), TTþCT vs CC (b), TT vs
CCþCT (c), TT vs CC (d), and CT vs CC and (e)
comparisons. Each point represents a separate
study for the indicated association.
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Interestingly, findings on the role of
SLC4A7 rs4973768 in the occurrence of
breast cancer are inconsistent. Some previ-
ous studies have reported no overall

association between SLC4A7 rs4973768
and breast cancer risk,33 while other
researchers have found that the allele C of
SLC4A7 rs4973768 reduces the risk of
breast cancer.18 As mentioned earlier,
SLC4A7 rs4973768 was not even previously
linked to breast cancer. A meta-analysis in
2012 reported that SLC4A7 rs4973768 was
associated with breast cancer but did not
use TSA to address the random error
observed in the repeated updating of tradi-
tional meta-analyses and did not calculate
the required sample size.18 Moreover, the
authors identified the small sample size as
a limitation of the study.18 Between 2012
and 2022, many new published studies
have reported the risk relationship between
SLC4A7 rs4973768 and breast cancer.13–17

To further update out knowledge of the
relationship between SLC4A7 rs4973768
and breast cancer occurrence, we imple-
mented a systematic review and meta-
analysis that included all the relevant
literature published before 20228–17 and
assessed the robustness of our conclusions
using TSA. We systematically reviewed the
association between the SLC4A7 polymor-
phism rs4973768 and breast cancer risk

Figure 5. In silico analysis of SLC4A7 expression in
rs4973768 and breast cancer SLC4A7 mRNA
expression by eQTL analysis in human tissues based
on the GTEx database.

Figure 6. Trial sequential analysis of SLC4A7 rs4973768 polymorphism under the allele contrast model.
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using 10 case–control studies including a
total of 37,128 cases and 43,640 controls.
Our meta-analysis concluded that SLC4A7
rs4973768 correlated with the occurrence of
breast cancer, and allele C of the SLC4A7
rs4973768 mutation played a protective
effect against breast cancer. The result of
TSA showed the cumulative z curve crossed
the trial sequential monitoring boundary
before reaching the required sample size,
confirming that our results were robust. In
addition, we found that the mutant allele
was associated with an increased expression
of SLC4A7mRNA in the rs4973768 variant
(P¼ 0.00069), according to the results
from the GTEx portal database. Overall,
our findings provide evidence to support
future research on SLC4A7 gene therapy
targeting breast cancer.

This study had some limitations.
First, because gene-with-gene and gene-
with-environment interactions may affect
the risk of breast cancer, assessing the inter-
action between a genotype polymorphism
and possible factors of breast cancer such
as psychology and environment is difficult.
Such a study can only estimate the risk rela-
tionship between one abnormal genotype
and breast cancer. Second, our meta-
analysis included only Chinese and
English studies, thereby introducing lan-
guage bias. Third, only one polymorphic
site of rs4973768 was included in our
study; the polymorphic sites linked to
other genes were not considered. The poly-
morphic sites linked to other genes may
have affected the pathogenesis of breast
cancer. More high-quality studies with
large sample sizes must be included in the
future.

Conclusion

Our meta-analysis indicated that the
rs4973768 polymorphism of the SLC4A7
gene is markedly correlated with the occur-
rence of breast cancer, and allele C is

protective against breast cancer. These find-

ings provide preliminary research data for

assessing the risk of breast cancer associat-

ed with the rs4973768 single nucleotide

polymorphism and are expected to lay the

foundation for future research in personal-

ized medicine targeting breast cancer.
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