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Background. Results from the studies investigating the impact of CC chemokine receptor 2 (CCR2) polymorphism on the risk of cancers
are diverse. An updated meta-analysis was conducted to access the relationship between cancer risk and CCR2-V64I polymorphism.
Methods. We performed a meta-analysis using STATA 11.0 based on a comprehensive retrieval in WanFang Data, PubMed, China
National Knowledge Infrastructure, EMBASE, and Web of Science databases up to January 20, 2023. Results. We included 23 studies in
our analysis. Overall, we found CCR2-V64I polymorphism was remarkably related to cancer risk (OR =1.39, 95% CI = 1.14-1.70, and
P =0.001 for A vs G; OR=1.87, 95% CI=1.30-2.70, and P = 0.001 for AA vs GG; OR =1.35, 95% CI=1.03-1.78, and P = 0.032 for
GA vs GG; OR =1.45,95% CI=1.11-1.90, and P = 0.006 for AA + GA vs GG; OR = 1.69, 95% CI = 1.20-2.37, and P = 0.003 for AA vs
GA +GQ). In the ethnicity subgroup analysis, the relevancy between CCR2-V64I polymorphism and an increased cancer risk was
discovered among Asians (OR =1.57, 95% CI = 1.30-1.91, and P < 0.001 for A vs G; OR = 2.30, 95% CI = 1.64-3.24, and P < 0.001 for
AA vs GG; OR = 135, 95% CI = 1.10-1.67, and P = 0.005 for GA vs GG; OR = 1.52, 95% CI = 1.25-1.87, and P < 0.001 for AA + GA vs
GG; OR=2.21, 95% CI=1.58-3.08, and P < 0.001 for AA vs GA + GG). In addition, the subgroup analysis in the light of cancer types
demonstrated that CCR2-V64I polymorphism was strongly correlated with bladder cancer (OR =3.04, 95% CI=1.09-8.45, and P =
0.033 for AA vs GG; OR = 2.84, 95% CI = 1.07-7.09, and P = 0.035 for AA vs GA + GG) and oral cancer (OR = 1.83,95% CI = 1.39-2.42,
and P < 0.001 for A vs G; OR =2.04, 95% CI = 1.47-2.85, and P < 0.001 for GA vs GG; OR =2.03, 95% CI = 1.48-2.79, and P < 0.001 for
AA + GA vs GG). Conclusion. The meta-analysis suggested that CCR2-V64I polymorphism might be a high-risk factor for cancers
among Asians, especially for bladder and oral cancers.

1. Introduction

Chemokines are chemotactic cytokines generated by acti-
vated natural immunocytes, which could regulate the mi-
gration of immunocytes by interacting with chemokine
receptors on the cell surface [1, 2]. Chemokines are known as
an essential inflammatory response mediator [2]. In-
flammation is crucial in the pathogenesis of cancers. CC
chemokine ligand 2 (CCL2) is an important member of the
CC chemokine family [3]. CCR2 is a key receptor for CCL2
and is related to carcinogenesis and angiogenesis [4, 5].
Carcinogenesis is an intricate process containing tumori-
genesis, growth, and metastasis [6]. The binding of CCL2
and CCR2 facilitates tumor cell migration and attracts
immunosuppressive cells into the cancer microenviron-
ment, which accelerates the progression of tumors [7]. It was

reported that CCL2-CCR2 signaling could recruit myeloid
cells to stimulate an angiogenic switch [8, 9]. Moreover, the
interplay between the vascular endothelial growth factor
(VEGF) generated by tumor-associated macrophages
(TAMs) and CCR2+ vascular endothelial cells could facil-
itate cancer angiogenesis [7]. As one of the extensively
studied receptors, CCR2-V64I (rs1799864) is at codon 64
of CCR2.

Polymorphism refers to two or more discontinuous
variations of genes that occur simultaneously or frequently
in a certain biological population. In recent years, extensive
research has been carried out on the single nucleotide
polymorphism (SNP) of rs1799864 encoding isoleucine
(ATC) in the place of valine (GTC). The rs1799864 poly-
morphism plays various roles in the progression of cancers.
The effect of rs1799864 polymorphism in the risk of cancers


https://orcid.org/0009-0001-0828-885X
https://orcid.org/0000-0001-6980-139X
https://orcid.org/0009-0008-1428-619X
mailto:18040229409@163.com
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/7630422

has been widely researched by many studies, including
cervical cancers, gastric cancers, bladder cancers, prostate
cancers, and prostate cancers [10-17]. Nevertheless, these
studies presented limited information owing to relatively
small sample sizes and were unable to provide a consistent
result. Two published meta-analyses have studied the cor-
relation between the rs1799864 polymorphism and cancers
in 2013. However, there were several articles studying the
relationship after 2013 [13-22]. Therefore, we conducted an
undated meta-analysis to study the effect of rs1799864
polymorphism on the development of cancers.

2. Materials and Methods

2.1. Paper Search and Selection. The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses statement
[23] are applied in the study. Our meta-analysis carried out
a comprehensive search in WanFang Data, PubMed, China
National Knowledge Infrastructure, EMBASE, and Web of
Science databases up to January 20, 2023. Search strategy was
performed by the following words combination: “CC che-
mokine receptor 2,” or “CCR2,” or “rs1799864,” AND
“polymorphism,” or “variation,” or “mutation,” or “SNP,”
AND “cancer,” or “tumor,” or “carcinoma,” or “malig-
nancy,” or “neoplasm.”

2.2. Inclusion and Exclusion Criteria. Literature that met the
following criteria was enrolled: (1) the article was case-
controlled, (2) the article was related to the correlation
between the rs1799864 polymorphism and cancers, and (3)
data presented by the article were enough to evaluate the
relationship. Study that satisfied one of the following criteria
was not included: (1) the type of article belongs to review,
editorial, commentary, nonhuman study, or case report, (2)
papers provided duplicated data were excluded, and (3) full
text was unavailable.

2.3. Data Collection and Quality Evaluation. Two
researchers fetched the following data independently from
every eligible article in the light of the inclusion and ex-
clusion criteria presented previously: the primary author’s
name, publication year, country where study was researched,
ethnicity, type of cancer, case groups and control groups
counts, genotype distributions, genotyping methods, the
control group source, and P value of Hardy-Weinberg
equilibrium (HWE) in controls.

2.4. False-Positive Report Probability (FPRP) Analysis. We
applied FPRP analysis [24] to evaluate the remarkable re-
sults. 0.5 was set as the cutoft value of the FPRP and per-
formed the FPRP analysis at a prior probability level of 0.1
and an odds ratio (OR) of 1.5. Only a remarkable result with
a FPRP value less than 0.5 was regarded as “noteworthy.”

2.5. Data Synthesis. P <0.05 was regarded as significant
in all statistical tests. STATA 11.0 was applied to obtain the
pooled ORs and corresponding 95% confidence intervals

European Journal of Cancer Care

(95% ClIs). The pooled ORs along with 95% Cls were ob-
tained for the allelic, homozygous, heterozygous, dominant,
and recessive genetic models to assess the strength of the
correlation between the rs1799864 polymorphism and
cancers. The subgroup analyses were conducted in the light
of ethnicity, cancer type, and source of controls to confirm
whether these factors were related to the overall ORs.
Cochran’s Q test and I” statistics were applied in hetero-
geneity assessment. If the P>0.10 and I’ < 50%, the fixed-
effects model (the Mantel-Haenszel method) was performed
for analysis. Otherwise, the random-effects model (the
DerSimonian and Laird method) was used. Sensitivity
analysis was carried out by omitting a single literature every
time to assess the stability of the study. Begg’s test and
Egger’s linear regression were implemented to discuss the
publication bias.

3. Results

3.1. Included Papers and Paper Features. WanFang Data,
PubMed, China National Knowledge Infrastructure,
EMBASE, and Web of Science databases were retrieved to
search relevant papers. Twenty-three studies [13-22, 25-37]
involving 5344 cases and 6673 controls were ultimately
included in the study. The flow of article selection is pre-
sented in Figure 1.

Among the 23 articles enrolled in our meta-analysis, 2
were about breast cancer [19, 25], 5 were about bladder
cancer [13, 25, 28, 32, 37], 1 were about skin cancer [25], 3
were about cervical cancer [16, 26, 31], 1 was about gastric
cancer [27], 1 was about endometrial cancer [29], 1 was
about nonhodgkin lymphoma [30], 1 was about hepato-
cellular carcinoma [33], 2 were about oral cancer [34, 35], 3
were about prostate cancer [15, 17, 36], 1 was about renal cell
carcinoma [14], 1 was about nonsmall cell lung cancer [18], 1
was about lung cancer [20], 1 was about colorectal cancer
[21], and 1 was about ovarian cancer [22]. The article, which
was researched by Zafiropoulos in 2004, studied three types
of tumors, including breast cancer, bladder cancer, and skin
cancer [25]. All articles demonstrated that the genotype
distributions of controls were in compliance with HWE,
except 3 articles [14, 16, 31]. The features of the enrolled
articles are demonstrated in Table 1.

3.2. Meta-Analysis Results. We discovered that the
rs1799864 polymorphism was significantly related to the
increased risk of cancers in all the studied models (Figure 2,
OR=1.39, 95% CI=1.14-1.70, and P = 0.001 for A vs G;
OR =1.87,95% CI=1.30-2.70, and P = 0.001 for AA vs GG;
OR =1.35,95% CI=1.03-1.78, and P = 0.032 for GA vs GG;
OR=1.45, 95% CI=1.11-1.90, and P = 0.006 for AA + GA
vs GG; OR=1.69, 95% CI=1.20-2.37,and P = 0.003 for AA
vs GA + GG; Table 2).

In the ethnicity subgroup analysis, the results indicated
that there was a remarkable correlation between the
rs1799864 polymorphism and cancers among Asians (Ta-
ble 2; OR=1.57, 95% CI=1.30-1.91, and P < 0.001 for A vs
G; OR=2.30, 95% CI=1.64-3.24, and P <0.001 for AA vs



European Journal of Cancer Care

o
g Records identified through
= database searching
< (n=151)
=
L
] l
~—
— Records after duplicates removed
(n=94)
{=19)
=
=
(5]
& \ 4
3
Records screened | Titles and abstracts excluded
(n=94) d (n=51)
~—
v
Full-text articles assessed Full-text articles excluded,
= for eligibility with reasons (n = 20):
:E (n=43) (i) Review (n = 6)
i=p (ii) No comparison needed
=
(n=35)
v (iii) Unable to extract
- Studies included in enough information (n= 6)
qualitative synthesis (iv) Others (n=3)
) (n=23)
3 v
B
g Studies included in
8 quantitative synthesis
(meta-analysis)
(n=23)
~—

FIGURE 1: The progress of study selection.

GG; OR=1.35,95% CI=1.10-1.67, and P = 0.005 for GA vs
GG; OR=1.52, 95% CI=1.25-1.87, and P<0.001 for
AA+GA vs GG; OR=221, 95% CI=1.58-3.08, and
P<0.001 for AA vs GA + GG) but not Europeans. In ad-
dition, the subgroup analyses were performed in the light of
the kind of cancer and source of control groups. In the
results of subgroup analyses presented in Table 2, a signifi-
cant relationship was found in the bladder cancer subgroup
(Table 2; OR =3.04, 95% CI=1.09-8.45, and P = 0.033 for
AA vs GG; OR=12.84,95% CI=1.07-7.09, and P = 0.035 for
AA vs GA+GQG), the oral cancer subgroup (Table 2;
OR=1.83, 95% CI=1.39-2.42, and P <0.001 for A vs G;
OR=2.04, 95% CI =1.47-2.85, and P < 0.001 for GA vs GG;
OR=2.03, 95% CI=1.48-2.79, and P<0.001 for AA + GA
vs GG), and the hospital-based (HB) control subgroup
(Table 2; OR=1.55,95% CI =1.20-2.01, and P = 0.001 for A
vs G; OR=1.95, 95% CI=1.27-2.99, and P = 0.002 for AA
vs GG; OR=1.52,95% CI=1.02-2.25, and P = 0.038 for GA
vs GG; OR=1.68, 95% CI=1.16-2.43, and P =0.006 for

AA +GA vs GG; OR=1.70, 95% CI=1.14-2.54, and P =
0.009 for AA vs GA + GG).

3.3. Sensitivity Analyses and Publication Bias. After ex-
cluding each article in turn, no material alteration was
discovered in the combined ORs in the sensitivity analyses
(Figure 3, AA + GA vs GG of rs1799864). Furthermore, no
conspicuous publication bias was detected by the P value in
the Egger test (allelic model: P = 0.219; homozygous model:
P = 0.467; heterozygous model: P = 0.401; dominant model:
P = 0.649; and recessive model: P = 0.309) and the almost
symmetrical shape of Begg’s funnel plot (P >0.05 under all
the studied models; Figure 4, dominant model of rs1799864)
for rs1799864 polymorphism.

3.4. FPRP Test Results. Furthermore, the FPRP tests were
performed to investigate the remarkable relationships dis-
covered in our meta-analysis. As demonstrated in Table 3,
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FIGURE 2: Forest plot for the association of rs1799864 polymorphism and cancer risks under the allelic genetic model.

the FPRP values were mostly less than 0.50 in the remarkable
findings, indicating that these remarkable correlations were
“noteworthy” except the bladder cancer subgroup (Table 3;
homozygous model: FPRP=0.772 and recessive model:
FPRP =0.761).

4. Discussion

CCL2 and CCR2 could be generated by various cells in the
cancer environment, especially by the tumor cells. The
combination of CCL2 and CCR?2 is closely linked with the
pathological angiogenesis, the growth of cancers, and the
concentration of immunosuppressive cells. Besides, CCL2-
CCR2 axis could facilitate the differentiation of mono-
nuclear cells into metastasis-associated macrophages
(MAMs), advancing the colonization and survival of met-
astatic cancer cells [7]. Recently, many research studies
demonstrate that CCR2-V64I (rs1799864) is related to
cancers [13-22, 25-39].

Up to now, the results produced by many articles fo-
cusing on the correlation between the rs1799864 poly-
morphism and the cancers are controversial. This may be
related to the limitations of these articles, including small

sample sizes, different ethnic groups, different control group
sources, and different genotyping methods. Meta-analysis, as
a useful method, could overcome these limitations to
a certain extent and supply a more robust conclusion than
any one study. Therefore, we conducted a meta-analysis
included in 23 studies to study the role of rs1799864
polymorphism in the development of cancers. Our study
reveals that the rs1799864 polymorphism is remarkably
related to the increased risk of cancers.

In the subgroup analyses according to ethnicity, a sta-
tistically significant relationship between the rs1799864
polymorphism and cancers under all the studied genetic
models was discovered in Asians but not in Europeans. The
discovery indicates that the polymorphism might be related
to an increased risk of cancers among Asians. This may be
because the genetic characteristics are various in different
ethnicities and people from different ethnicities have dif-
ferent genetic susceptibilities and living habits.

In the stratified analysis based on tumor type, the results
demonstrated that the rs1799864 polymorphism could in-
crease the risk of bladder and oral cancers. The possible
reasons are as follows: first, this might be associated with the
different microenvironments exposed by different tumor
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FIGURE 3: Sensitivity analysis of the pooled OR coefficients on the association for the rs1799864 polymorphism with cancer risks under the

dominant genetic model.
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FIGURE 4: Funnel plot of publication bias for rs1799864 poly-
morphism with cancer risks under the dominant genetic model.

sites. Second, the biological activity of CCR2 receptor is
altered by rs1799864 polymorphism, which might increase
the risk of bladder and oral cancers. Moreover, the
rs1799864 polymorphism would influence the gene half-life
and expression level, which might result in the development
of bladder and oral cancers. In the stratified analysis in the
light of source of controls, a remarkable association was
found under all the five studied genetic models in HB group

but not in population-based (PB) group. The reason is
unclear. We assume HB controls are more likely to develop
carcinomas than PBs.

As far as we know, there have been two published meta-
analyses [38, 39] studying the correlation between the
polymorphism and cancers. Compared with these two ar-
ticles, our study has many differences and highlights. First,
26 case-control studies from 23 enrolled papers were in-
cluded in the updated meta-analysis, which contained
several newly published articles because these two previous
meta-analyses were conducted in 2013. Studies and samples
in our article are much more than those in these two pre-
vious articles, suggesting that our results of the correlation
between the rs1799864 polymorphism and cancers might be
relatively more accurate. Second, the subgroup analyses were
implemented by ethnicity, genotyping method, source of
controls, and cancer types to research the potential origins of
heterogeneity and to evaluate the study stability. Third, our
meta-analysis included allele, homozygous, heterozygous,
dominant, and recessive models. However, a related meta-
analysis published previously written by Cho and Kim [38]
assessed the association only under dominant genetic model
and the other related meta-analysis written by Huang et al.
[39] assessed the association only under homozygous,
heterozygous, dominant, and recessive models. This may be
due to the lack of relevant information in these two meta-
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TaBLE 3: False-positive report probability values for associations between the rs1799864 polymorphism and cancer risk.
Prior probabilit

Variables OR (95% CI) P? Power® P ¥

0.25 0.1 0.01 0.001 0.0001
A versus G
Overall 1.39 (1.14-1.70) 0.001346 0.771 0.005 0.015 0.147 0.636 0.946
Asian 1.57 (1.30-1.91) 0.000098 0.347 0.001 0.003 0.027 0.220 0.739
HB 1.55 (1.20-2.01) 0.000949 0.402 0.007 0.021 0.189 0.702 0.959
oc* 1.83 (1.39-2.42) 0.000023 0.082 0.001 0.002 0.027 0.216 0.734
AA versus GG
Overall 1.87 (1.30-2.70) 0.000838 0.120 0.021 0.059 0.409 0.875 0.986
Asian 2.30 (1.64-3.24) 0.000002 0.007 0.001 0.002 0.025 0.207 0.724
HB 1.95 (1.27-2.99) 0.002197 0.114 0.054 0.147 0.655 0.950 0.995
BC® 3.04 (1.09-8.45) 0.033033 0.088 0.530 0.772 0.974 0.997 1.000
GA versus GG
Overall 1.35 (1.03-1.78) 0.033399 0.772 0.115 0.280 0.811 0.977 0.998
Asian 1.35 (1.10-1.67) 0.005689 0.834 0.020 0.058 0.403 0.872 0.986
HB 1.52 (1.02-2.25) 0.036405 0.474 0.187 0.409 0.884 0.987 0.999
oc? 2.04 (1.47-2.85) 0.000029 0.036 0.002 0.007 0.075 0.450 0.891
AA + GA versus GG
Overall 1.45 (1.11-1.90) 0.007052 0.597 0.034 0.096 0.539 0.922 0.992
Asian 1.52 (1.251.87) 0.000075 0.450 <0.001 0.001 0.016 0.142 0.625
HB 1.68 (1.16-2.43) 0.005871 0.274 0.060 0.162 0.680 0.955 0.995
OCa 2.03 (1.48-2.79) 0.000013 0.031 0.001 0.004 0.039 0.291 0.804
AA versus GA + GG
Overall 1.69 (1.20-2.37) 0.002355 0.245 0.028 0.080 0.488 0.906 0.990
Asian 2.21 (1.58-3.08) 0.000003 0.011 0.001 0.002 0.025 0.204 0.719
HB 1.70 (1.14-2.54) 0.009594 0.271 0.096 0.242 0.778 0.973 0.997
BC® 2.84 (1.07-7.49) 0.034889 0.098 0.515 0.761 0.972 0.997 1.000

*Chi-square test was adopted to calculate the genotype frequency distributions. ®Statistical power was calculated using the number of observations in the
subgroup and the OR and P values in this table. HB: hospital-based study; OC? oral cancer; BC*: bladder cancer.

analyses. In addition, the meta-analysis studied by Cho and
Kim [38] found that there was no significant correlation
between the rs1799864 polymorphism and cancers. On the
contrary, we discovered the rs1799864 polymorphism was
significantly correlated with cancers. This might be because
our study contains more data and samples. Finally, we
conducted the FPRP test, which suggested that the majority
of remarkable results in our meta-analysis are robust.
Therefore, to some degree, our present findings might be
more comprehensive and precise.

There are still some limitations in our analysis. First, the
cancer occurrence is usually thought to involve the latent
interactions of gene-gene and gene-environment. Due to
insufficient data, our study could not assess the interactions.
Second, other related cancer risk factors such as age, gender,
tobacco, alcohol, physical activity, and emotional state were
not evaluated because of the lack of relevant data. In addition,
publication bias could exist because negative results are more
difficult to be published than the positive results. Finally, the
FPRP test results demonstrate that the remarkable correla-
tions of the bladder cancer subgroup analysis are not
“noteworthy,” which might be because the enrolled articles
associated with the bladder cancer are limited. The FPRP
analysis result could indicate that the significant correlation
between the rs1799864 polymorphism and bladder cancer
requires more researches to verify. So, further studies with
more data would be needed to observe the role of rs1799864
polymorphism in cancers.

5. Conclusion

In conclusion, our study discovered that the rs1799864
polymorphism was significantly related to an increased risk
of cancers among Asians. Moreover, the polymorphism
could increase the susceptibility of bladder and oral cancers.
However, more relevant high-quality research studies with
larger sample sizes concentrating on ethnicity or tumor type
should be performed to verify our conclusions.
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