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Background: The CXCL12 rs1801157 polymorphism is putatively associated with the risk of
malignancy. However, research results are inconsistent regarding particular cancers, especially
colorectal cancer (CRC).

Methods: We conducted a meta-analysis via a comprehensive literature search of the data-
bases PubMed and Embase. Odds ratios and their corresponding 95% confidence intervals
were extracted to assess comprehensively the association between the CXCLI2 rs1801157
polymorphism and the risk of CRC.

Results: According to the following models, the correlation between the presence of the
CXCLI12 rs1801157 polymorphism and the risk of CRC was not statistically significant:
allelic (G cf. A), heterozygous (GG cf. GA), homozygous (GG cf. AA), dominant (GG
cf. GA+AA), or recessive (AA cf. GA+GQG) for pooled calculating. However, in subgroup
analysis, elevated risk of CRC was found in the non-Caucasian group in four genetic models,
while no connection was found in the Caucasian group. The sensitivity analysis confirmed
that the result of the Caucasian group was stable and analyzed the heterogeneity of the non-
Caucasian group.

Conclusion: This meta-analysis suggested that the CXCL/2 rs1801157 polymorphism did not
significantly confer a risk of CRC among Caucasians but may among non-Caucasians. These
results warrant confirmation and further studies of different ethnic populations.

Keywords: CXCLI12, rs1801157, polymorphism, CRC, meta-analysis

Introduction

Colorectal cancer (CRC) is one of the most common malignancies worldwide, ranking
third in both the number of new cases and mortality rate. Approximately 55% of cases
occur in developed countries.! However, the incidence of CRC is also increasing in the
developing world, as the westernized lifestyle is adopted, and the aging population.?
Thus, it is important to determine the risk factors that contribute to CRC, and in recent
years, studies on the pathogenesis of CRC have increased greatly.

The risk of CRC is related to many factors, as with most other malignancies.
Various epidemiological studies have suggested that the following increase the risk
of CRC: family history of CRC,? inflammatory bowel disease,* diabetes,’ obesity,°
diet habits,” smoking,® drinking,’ and infection with Helicobacter pylori or Fusobac-
terium spp.t®!! Other studies suggest that calcium and fiber supplementation,'? aspirin
use,'>!* and exercise may help prevent CRC.'> Because a family history of CRC is
a strong risk factor,'® further analysis of the association between genetic factors and
CRC is warranted.

The chemokine protein CXCL12 (also known as SDF1) and its receptor CXCR4
are involved in the proliferation, differentiation, and migration of specific cells in
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the body."” The levels of CXCLI12 are high in individual
organs such as liver, brain, heart, and kidney.'® Recently,
studies have linked the CXCL12/CXCR4 biological axis to
malignancy,' and elevated levels of SDF1 may be associated
with an increased risk of malignancy.

The CXCLI12 gene is located on chromosome 10q11.1.
A single nucleotide polymorphism (SNP) in noncoding
region 801 (G/A) of the CXCL 12 gene upregulated the expres-
sion of SDF1.2%%! An increasing number of studies in recent
years have confirmed an association between the CXCL12
rs1801157 polymorphism and the risk of malignancies.?%
Nevertheless, whether it is associated specifically with the
risk of CRC remains controversial. Therefore, this meta-anal-
ysis of relevant studies was conducted to investigate further
an association between CXCL/2 rs1801157 polymorphism
and the risk of CRC.

Methods

Search strategy

A systematic search was performed in the PubMed and
Embase databases for literature published in English up
to June 1, 2017. The search involved combinations of the
terms “colorectal” or “colon” or “rectal” and “cancer” or
“carcinoma” or “tumor” or “neoplasms” and “C-X-C motif
chemokine 12” or “CXCL12” or “SDF1” or “stromal cell-
derived factor 1” or “G801A “or “rs1801157” and “poly-
morphism” or “variation” or “variant.”

Eligibility criteria

For inclusion in this meta-analysis, the studies conformed
to the following four major criteria: all CRCs were patho-
logically diagnosed; concerned an association between
the rs1801157 polymorphism of CXCLI2 and the risk of
CRC; a case—control study design, with a control group in
Hardy—Weinberg equilibrium (HWE). All basic experimen-
tal research, duplicated research, studies with unavailable
experimental data, case reports or reviews or editorial articles,
or non-English literature were excluded.

Data extraction

Two researchers extracted data from the included studies
independently. All the data were then crosschecked. Dif-
ferences arising during data extraction were discussed and
resolved by consulting a third researcher. The following data
were noted: name of the author, year of publication, country
of origin, ethnicity of subjects, study design, genotyping
method, sample size, and P-value of the HWE test for the

control group. If the study did not specifically describe the
ethnicity of enrolled patients or volunteers, they were con-
sidered the main ethnicity of the investigated area.

Quality evaluation

All eligible studies were evaluated by the Newcastle—Ottawa
Quality Assessment Scale (NOS), which evaluates the quality
of literature, mainly according to the standardization of selec-
tion, comparability, and exposure. All authors of this meta-
analysis participated in quality assessment, and a consensus
was reached on the score after discussion. Scores ranged
from 0 to 9 points. Generally, studies scored >5 points were
considered high-quality research.

Statistical analysis

The Chi-squared goodness-of-fit test was employed to
examine whether the genotype distributions of the CXCL12
rs1801157 polymorphism in the controls were in HWE
(P > 0.05 for genetic equilibrium). Each of five genetic
models were compared and analyzed: the allele model
(G cf A), heterozygous model (GG cf GA), homozygous
model (GG cf AA), dominant model (GG cf GA+AA), and
the recessive model (AA cf GA+GQG). The strength of the
association between the CXCL12 rs1801157 polymorphism
and the risk of CRC was assessed by odds ratio (OR) with
the corresponding 95% confidence interval (CI). Cochran’s
Q statistic and the I-squared (/?) statistic were used to test the
heterogeneity between studies. Heterogeneity was considered
significant when P < 0.10 or /2 > 50%, where the random
effects model was used.

In addition, subgroup analyses by ethnicity were conducted.
Populations were stratified as Caucasian or non-Caucasian.
Sensitivity analyses were performed by recalculating the
pooled ORs in a random effects model, which replaced
the fixed effects model, and by omitting one study each
time to examine its effect on the entire OR value. Finally,
the Harbord test was used to determine publication bias,
where P < 0.05 indicated bias.?* All statistical analyses were
performed in the STATA 13.0 program (StataCorp LP, Col-
lege Station, TX, USA).

Results

Characteristics of the included studies
Twenty-eight potential articles were initially identified in
the literature search (10 from PubMed, 18 from Embase;
Figure 1). After applying the inclusion and exclusion
criteria, 22 articles were disqualified, specifically nine each
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28 articles identified through database
search up to July 1, 2016
(10 from PubMed, 18 from Embase)

{ 19 articles screened by title and abstract }

{ 12 full-texts retrieved for further detailed evaluation }

{ 6 articles provided sufficient data for meta analysis }

Figure | Flow chart of the literature retrieval and selection process.
Abbreviation: CRC, colorectal cancer.

for duplicated publication or not associated with CXCLI2
rs1801157 polymorphism and the risk of CRC; two for
lacking a control group; and one each for being a review or
basic research.

Finally, the following six articles were included: Hidalgo-
Pascual et al,”® Shi et al,”® Dimberg et al,”” Amara et al,?®
Razmkhah and Ghaderi,” and Ramzi et al.’® The studies of
Hidalgo-Pascual et al, Dimberg et al, and Razmkhah and
Ghaderi were conducted in Caucasian populations, and other
studies were non-Caucasian (Table 1).

Overall data analysis

The present meta-analysis of the six included articles
comprised pooled data of 1,071 CRC patients and 1,472
controlled volunteers. All of the five genetic models were
used for random effects model, owing to significant hetero-
geneity. From comparisons using all five genetic models,
no significant association was found between the rs1801157
polymorphism and the risk of CRC (Table 2).

Subgroup analysis

In all five genetic models specifically in the group of
Caucasians, there was no correlation between the CXCL12
rs1801157 polymorphism and the risk of CRC. However,
comparisons using the allele, homozygous, dominant, and
recessive genetic models showed that non-Caucasians with
the CXCL12 rs1801157 polymorphism had an elevated risk
of CRC. However, according to the heterozygous model,
there was no association between the rs1801157 polymor-
phism and the risk of CRC in these non-Caucasian subjects
(Table 2 and Figure 2).

9 articles removed :
because of duplicates

1 article was meta analysis
6 articles were obviously irrelevant

1 article was pure cell study ‘
2 articles were not case—control study

3 articles were without reference to the
risk of CRC i

Sensitivity analysis

In the sensitivity analysis, the change from the fixed effects
model to the random effects model did not substantially affect
the results. However, in the dominant model among the non-
Caucasians, the original OR 0f2.556 (95% CI: 1.307-5.001)
changed to 1.980 (95% CI: 0.724-5.417) after excluding
Shi et al, and changed to 2.202 (95% CI: 0.664-7.297)
after excluding Amara et al. Similar changes were found in
the heterozygous model in the non-Caucasian group after
excluding Ramzi et al (OR: 3.045, 95% CI: 1.833-5.059)
(Figure 3). In the other genetic models applied to Caucasians
and non-Caucasians, the ORs did not significantly change.

Publication bias

There was no publication bias via the Harbord tests (Figure 4).
Specifically, results of the Harbord tests for the five genetic
models were as follows: allele, P =0.613, 95% CI: —14.969
to 22.314; heterozygous, P = 0.771, 95% CI: —14.323 to
11.432; homozygous, P =0.780, 95% CI: =9.913 to 12.304;
dominant, P=0.880,95% CI: —14.567 to 16.360; and reces-
sive, P =0.877, 95% CI: —9.259 to 10.431.

Discussion

Like most malignancies, many factors contribute to a risk of
CRC. Lichtenstein et al found that 35% of the risk of CRC was
determined by genetic factor.’! However, there is much about
the underlying genetics of CRC that lacks elucidation. SNPs
directly take variation of the genetic sequence as marker,
are closely associated with human phenotypic differences,
disease susceptibility, and drug reactions. Genome-wide
association studies (GWAS) have reported that 14 SNPs are
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Figure 2 Forest plots of the CXCLI12 rs1801 157 polymorphism regarding the risk of CRC for non-Caucasians with the random effects model.
Notes: (A) Allele model; (B) homozygous model; (C) dominant model; and (D) recessive model. Weights are from random effects analysis.
Abbreviations: CXCLI12, C-X-C motif chemokine 12; CRC, colorectal cancer; OR, odds ratio; Cl, confidence interval.

associated with the risk of CRC and could explain ~6% of'the
excess familial risk.’>** Theodoratou et al in a meta-analysis
extracted data from 635 studies regarding SNP and CRC and
found 16 independent variants at 13 loci linked to the risk

of CRC.** However, none of the abovementioned studies

have investigated an association specifically between the
CXCLI2 rs1801157 polymorphism and risk of CRC.

A

Shi et al (2013 |

Amara et al (2015)%

Ramzi et al (2014)%® |

Meta-analysis estimates, given named

0.66 1.31

study is omitted

CXCL12 is closely related to invasion and metastasis of
CRC through the CXCL12/CXCR4 axis, but it is unclear
whether there is a risk associated with CRC. Recently, studies
have been conducted concerning the link between the CXCL12
rs1801157 polymorphism and the risk of malignancies. For

example, in an Asian population the polymorphism was

associated with malignancies, but in a Caucasian population

ILower CI limit

o Estimate

IUpper CI limit

| le]

2.56
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1
7.30

Shi et al (2013 |

Amara et al (2015)%

Ramzi et al (2014)%

Meta-analysis estimates, given named

o

study is omitted

0.380.84 1.97

Figure 3 The effect on the pooled OR of the non-Caucasian subgroup by individual studies.
Note: (A) Dominant model and (B) heterozygous model.
Abbreviations: OR, odds ratio; Cl, confidence interval.
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Figure 4 Harbord test detecting publication bias for the association between the CXCLI2 rs1801157 polymorphism and the risk of CRC by comparisons of five genetic

models.

Notes: (A) Allele model; (B) heterozygous model; (C) homozygous model; (D) dominant model; and (E) recessive model.
Abbreviations: CXCLI2, C-X-C motif chemokine 12; CRC, colorectal cancer; Cl, confidence interval.

this was uncertain.” Xia et al found individuals with the A
allele of the G801A4 polymorphism in the CXCLI2 gene are
under a higher risk for breast carcinoma.*® Zhang et al dem-
onstrated that SDF1-3’A polymorphism may be associated
with increased risk of hematological malignancy, especially
for chronic myeloid leukemia, Hodgkin’s lymphoma,
multiple myeloma and the non-Caucasian population.*
Studies have also investigated the association between the
CXCLI12rs1801157 polymorphism and CRC risk regarding
the site of occurrence,”?’ degree of tumor invasion,?*3” and
prognosis.?>** However, the role of this polymorphism in
the development and progression of CRC remains uncertain.
The present meta-analysis was performed to obtain a more
accurate and objective conclusion through strict evaluation

and analyses of similar research. To our best knowledge, the
present meta-analysis is the first to assess the association
between the CXCL12 rs1801157 polymorphism and the risk
of CRC. In this study, in five genetic models, upon calcu-
lating the pooled ORs no association between the CXCL12
rs1801157 polymorphism and the risk of CRC was found.
It should be noted that the heterogeneity among each model
was obvious, yet to analyze the source of the heterogene-
ity, we successively conducted subgroup and sensitivity
analyses. In the subgroup analysis, ethnicity was identified
as a factor responsible for heterogeneity. The heterogene-
ity was acceptable in the Caucasian group, and the result
was stable. This suggested that there was no significant
association between the CXCL12 rs1801157 polymorphism
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and the risk of CRC among the Caucasian population. This
reconfirmed and complemented the published meta-analysis
by Tong et al concerning various malignancies,? although
it should be noted that the study did not specifically address
CRC in detail because it was published early and included
only three CRC-related studies. On the other hand, the present
meta-analysis found obvious heterogeneity within some
genetic model comparisons among the non-Caucasians. Two
studies in this meta-analysis were very different from the
others, as Shi et al only included CRC patients at stage T2
in the test group, and Ramzi et al used gene chip technology
for gene analysis. These two factors were identified as the
main source of heterogeneity after deep analysis for the
three studies of this group. Finally, through comparisons
of the allele, homozygous, dominant, and recessive genetic
models, we found that in the non-Caucasian population, the
CXCL12 rs1801157 polymorphism may be associated with
a risk of CRC, and the A allele increased the risk of CRC.
Whereas the study of Razmkhah and Ghaderi®® did not report
the ethnicity of the samples and the heterogeneity in non-
Caucasian subgroup, a sensitivity analysis was conducted
to improve the reliability and stability of these results. The
pooled ORs were not significantly affected except for the
comparison of heterozygous model and dominant model
in the non-Caucasian population. It implied that the results
concerning the Caucasian group were more reliable, but the
result of the non-Caucasian group should be understood
with caution. This may be due to the heterogeneity of the
non-Caucasian group. Thus, further randomized controlled
studies with a large sample size are needed to confirm the
association among non-Caucasian subjects. In particular, it
is necessary to stratify non-Caucasian populations by specific
ethnicities.

Why should we persist in publishing this meta-analysis
although the abovementioned results and analysis need to
be further studied? All meta-analyses about CXCLI2 poly-
morphism and the risk of malignancies were fully consulted
before we did this research. Various cancers were mixed
together to analysis by most of the studies and got the statisti-
cally significant results of the correlation. Deeper research
was bound by the lack of single disease studies. Recently,
the related literature were published increasingly in the study
of breast cancer, CRC, and hematological malignancies with
the research advance of this aspect. Scholars have completed
the meta-analysis of breast cancer and hematological malig-
nancies about this respectively.>>3¢ The result of CRC is
still controversial. More credible and acceptable results are
expected based on the method of evidence-based medicine.

Only in this way can researchers carry out further studies
on the connection between CXCL12 polymorphism and the
clinicopathology of CRC.

This meta-analysis is limited by the obvious insufficient
quantity and depth of the included studies, especially for
non-Caucasian subjects. We were unable to conduct an in-
depth subgroup analysis, because of the incompleteness and
incomprehensiveness of specific data such as gender, age,
and lifestyle, which were difficult to collect. HWE testing
was not routinely and appropriately performed in most of
the included studies. Only Ramzi et al reported on HWE and
others had to be recalculated. In addition, studies that have
investigated an association between the CXCLI2 rs1801157
polymorphism and the occurrence and development of CRC
are still rare, and much remains unknown regarding primary
site, invasion, metastasis, and prognosis.

Conclusion

The present meta-analysis did not find a significant associa-
tion between the CXCL12 rs1801157 polymorphism and risk
of CRC. However, this result may be belied in some popula-
tions because of the existence of the heterogeneity in overall
calculation process. In summary, this meta-analysis indicated
that the CXCLI2 rs1801157 polymorphism had no signifi-
cant association with the risk of CRC among Caucasians but
may contribute to the risk of CRC among non-Caucasians.
Nevertheless, studies should be conducted to reconfirm these
conclusions among different ethnic populations.
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