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Abstract

Purpose: Epidemiological studies have assessed the association between
Caveolin-1 polymorphism and cancer risk. However, published data are still
inconclusive. To clarify this inconsistency, we conducted a meta-analysis to
evaluate the relationship between Caveolin-1 polymorphism (rs7804372) and
cancer susceptibility. Methods: We conducted a comprehensive literature
search, using PubMed, Embase, Medline, Web of Science, CNKI, and Wan-
fang database, which included English and Chinese literatures. The latest up-
dated date was January 2018. The following search terms were performed to
retrieve the relevant articles: ((CAV1) OR (Caveolin-1) OR (rs7804372))
AND (cancer OR tumor OR carcinoma OR neoplasms OR malignancy) AND
(polymorphism OR mutation OR variant OR genotype). Odds ratio (OR)
with 95% confidence interval (CI) was used to estimate the pooled effect. Re-
sults: In the overall analysis, this kind of polymorphism showed a significant
association with increased risk of cancer: allelic model (T/A; OR = 1.33, 95%
CIL: 1.19 - 1.49; P < 0.0001), homozygous (TT/AA; OR = 1.73, 95% CI: 1.37 -
2.18; P < 0.0001), and heterozygous genetic models (TT/TA; OR = 1.23, 95%
CI: 1.14 - 1.33; P < 0.0001), the dominant genetic model (TT + TA/AA; OR =
1.58, 95% CI: 1.28 - 1.96; P < 0.0001), and the recessive genetic model (TT/TA
+ AA; OR = 1.34, 95% CI: 1.20 - 1.50; P < 0.0001). In addition, the stratified
analysis of the results was carried out by ethnicity, HWE status, and cancer
types. The outcome indicated that Caveolin-1 rs7804372 polymorphism was
associated with an increased risk of cancer. Conclusion: The present study
demonstrated that the allele T of Caveolin-1 (rs7804372) polymorphism might
associate with increased susceptibility to cancer, and might predict worse sur-
vival in patients with various types of cancer. However, further well-designed
studies are required to evaluate this association.
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1. Introduction

As is well known, cancer is one of the leading causes of death in the world [1],
neoplasia refers to the complex situation of the organism in various genetic and
environmental factors, in which gene mutation plays an important role in ge-
netic factor [2]. Most mutations cause changes in the body, but minor mutations
may cause large malignancies. The genetic variants are capable of enhancing
cancer development and could be helpful for the early diagnosis, and help in the
design of targeted treatment and prevention strategies.

Caveolin-1 (encoded by the CAV-1 gene) is an oncogenic membrane protein
associated with endocytosis, extracellular matrix organisation, cholesterol dis-
tribution, cell migration and signaling [3]. Caveolin-1 is considered to play a key
role in the cell apoptosis and tumor formation [4] [5] [6], and is even considered
a tumor suppressor [7] or suppressor depending on tumour type and stage [8].

For the past decade, Cav-1 has been considered a potential biomarker for
cancer prognosis, because its expression is upregulated in numerous types of
cancer, including breast cancer [9] [10] [11], gastrointestinal tumor [12] [13]
[14] [15], urinary neoplasms [16] [17] [18] [19], and other cancers [20] [21]
[22]. Available studies show that significant association was found in CAV-1
rs3807987, or rs7804372 gene polymorphism was associated with cancer risk
[9]-[22], a recent meta-analysis by Tang et al showed that CAV-1 rs3807987
polymorphisms may modify the risk of cancer, especially digestive system cancer
[23]. But, results for the association of Caveolin-1 polymorphism (rs7804372)
and cancer risk were contradictory and inconclusive. In order to solve the prob-
lem of the inconsistent results, our study continuously analyzed Caveolin-1 gene
rs7804372 for more detailed information between gene polymorphism and can-

cer susceptibility.

2. Materials and Methods
2.1. Identification and Eligibility of Relevant Studies

The following databases were searched: PubMed (2000-April, 2018) and Chinese
biomedicine literature database (1978-April, 2018) using the following search
terms: (Caveolin-1 or CAV-1) and “polymorphism, Genetic” to identify all rele-
vant articles on the subject. Other potential omitted studies were identified by
hand screening. The inclusion criteria of studies were as following: 1) studies
that evaluated the association between Caveolin-1 polymorphism (rs7804372)
and cancer risk, 2) Study provided sufficient data to calculate the odds ratios
(ORs) and 95% confidence intervals (Cls), 3) Case-control study.
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2.2. Data Extraction

Using the above criteria for inclusion and exclusion, two independent research-
ers extracted the information from the included studies. The information mainly
included: first author, year of publication, country, ethnicity, tumor type, design
of experiment (population-or hospital-based controls) number of genotyped
cases and controls, genotypic methods, the characteristics of the controls and
quality control. Disagreements were resolved in consultation with the third re-

viewer. The study quality was assessed according to the NOS [24].

2.3. Statistical Methods

The crude ORs and their corresponding 95% ClIs were used to assess the strength
of associations between Caveolin-1 polymorphism (rs7804372) and cancer risk.
5 genetic model were used to calculate ORs, including: allelic model (T vs A),
homozygous (TT vs AA), and heterozygous genetic models (TT vs TA), the do-
minant genetic model (TT + TA vs AA), and the recessive genetic model (TT vs
TA + AA). P-test (range, 0% - 100%) and chi-square-based Q test were used for
assessment of heterogeneity across all selected studies [25]; If P < 0.1 or 2 > 50%,
the outcome indicated significant heterogeneity and the random-effects model
was used to calculate the pooled OR [25]; otherwise, the fixed-effects model was
applied [25]. Hardy-Weinberg equilibrium (HWE) was tested by comparing the
observed and expected genotype frequencies of the controls (Chi-square test).
Stratified analysis was also conducted according to the type of cancer, ethnicity
and HWE (Hardy-Weinberg equilibrium). Publication bias was estimated using
Begg’s funnel plot [26]. Meta-analysis was performed using Software STATA
version 12.0 (STATA Corporation, College Station, TX, USA). P < 0.05 was con-

sidered statistically significant.

3. Results

3.1. Characteristics of Studies

A total of 15 studies investigating the polymorphism of Caveolin-1 (rs7804372)
met our inclusion criteria, including 5893 cases and 6522 controls. These studies
were published from 2010 to 2017. In all 15 studies, there were 13 studies of
Chinese, remaining two studies were Japanese and Iranians respectively. The all
studies included 3 studies on breast cancer, 2 studies on prostate cancer, 4 stu-
dies on urinary system neoplasms, 2 studies on gastric cancer, 1 studies on renal
cell carcinoma, 1 studies on nasopharyngeal carcinoma, 1 studies on leukemia, 1
studies on oral cancer, 1 studies on hepatocellular carcinoma, 1 studies on eso-
phageal squamous cell carcinoma, 1 studies on upper genitourinary cancer, 1 stu-
dies on colorectal cancer, 1 studies on bladder cancer. The distributions of the ge-
notypes in control groups in 6 studies were not in HWE. The Newcastle-Ottawa
Scale (NOS) scores of all included studies ranged from 5 to 8 scores (Stang). The

characteristics of each study are summarized in Table 1.
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Table 1. Characteristics of included studies.

Genotype = Cancer Case Control HWE
Auther Year Country SOC  Ethnicity NOS
method type TT AT AA TT AT AA P-value
Wang [9] 2017 China PCR HB Chinese BC 317 207 36 338 202 42 0.13 8
Fard [10] 2018 Iran RFLP-PCR PB Iranian BC 96 65 42 106 74 23 0.08 6
Chang [17] 2014  china PCR HB  Chinese RCC 29 48 15 285 191 104 <0.01 5
Bau [20] 2011 china RFLP-PCR HB Chinese OC 363 193 64 306 206 108 <0.01 8
Hsu [12] 2013 china RT-PCR HB Chinese HCC 166 93 39 152 98 48 <0.01 5
lin [13] 2014 china RFLP-PCR HB Chinese GC 188 135 35 192 133 33 0.16 5
liu [11] 2011 China RFLP-PCR HB Chinese BC 745 410 77 694 472 111 0.02 5
Sugie [16] 2013 japan RFLP-PCR  HB  Japanese PC 60 63 11 25 42 19 0.86 6
Wang [27] 2014 China RFLP-PCR HB Chinese ESCC 259 143 25 221 166 40 0.28 5
chang [17] 2013 China RFLP-PCR HB Chinese UUTC 140 65 13 303 224 53 0.21 5
Yang [14] 2010 China RFLP-PCR HB Chinese CRC 216 117 29 179 120 63 <0.01 7
Tsou [21] 2011 China RFLP-PCR HB  Chinese NPC 109 55 12 86 57 33 <0.01 5
Zhang [15] 2014 chian RFLP-PCR HB Chinese GC 239 134 39 210 136 66 <0.01 6
bau [18] 2011 chian RFLP-PCR HB  Chinese  bladder cancer 231 122 22 198 142 35 0.2 6
wu [19] 2011 chian RFLP-PCR HB Chinese PC 163 75 12 254 196 50 0.18 6
Wang [22] 2013  chian  RFLP-PCR HB  Chinese leukemia 167 86 13 140 99 27 0.14 6

SOC: Source Of Controls; PB: Population-Based Controls; HB: Hospital-Based Controls; HWE: Hardy-Weinberg Equilibrium; NOS: Newcastle-Ottawa
Scale; RFLP-PCR: Polymerase Chain Reaction Restriction Fragment Length Polymorphism; BC: Breast Cancer; RCC: Renal Cell Carcinoma; OC: Oral Can-

cer; HCC: Hepatocellular carcinoma; GC: Gastric Cancer; PC: Prostate Cancer; ESCC: Esophageal Squamous Cell Carcinoma; UUTC: Upper Urothelial

Tract Cancer; CRC: Colorectal Cancer; NPC: Nasopharyngeal Carcinoma.

3.2. Meta-Analysis Results

The main meta-analysis results and the heterogeneities are shown in Table 2 and
Table 3. As shown in the Table 2, all 5 comparisons revealed the association be-
tween Caveolin-1 rs7804372 polymorphism and cancer risk after meta-analysis
with fixed- or random-effects models. In the overall analysis, this kind of poly-
morphism showed a significant association with increased risk of cancer: allelic
model (T/A; OR = 1.33, 95% CI: 1.20 - 1.49; P < 0.0001), homozygous (TT/AA;
OR = 1.73, 95% CI: 1.37 - 2.18; P < 0.0001), and heterozygous genetic models
(TT/TA; OR =1.23,95% CI: 1.14 - 1.33; P < 0.0001), the dominant genetic mod-
el (TT + TA/AA; OR = 1.58, 95% CI: 1.28 - 1.96; P < 0.0001), and the recessive
genetic model (TT/TA + AA; OR = 1.34, 95% CI: 1.20 - 1.50; P < 0.0001). In ad-
dition, the stratified analysis of the results was carried out by Ethnicity, HWE
status, and Cancer types. The outcome indicated that Caveolin-1 rs7804372 po-
lymorphism was associated with an increased risk of cancer (Table 3).

3.3. Sensitivity Analysis and Publication Bias

We checked the inclusion criteria of this meta-analysis by a sensitivity analysis.
Pooled estimates for all genetic models were insensitive to the removal of indi-
vidual studies, and the corresponding pooled ORs were not substantially altered
(Figure 1), suggesting that our results were stable and reliable.

Begg’s funnel plot and Egger’s test were performed to assess publication bias
(Figure 2). Then, the Egger’s test was used to provide statistical evidence of
funnel plot symmetry. The results did not show any evidence of publication bias.
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Table 2. Meta-analysis of association between caveolin-1 rs7804372 polymorphisms and

cancer risk.

P fi
Genetic models or . P (%) Model OR (95% CI) P-value
heterogeneity
Caveolin-1 rs7804372
Tvs A <0.0001 72.90% Random 1.33 (1.19, 1.49) <0.0001
TT vs AA <0.0001 67.20% Random 1.73 (1.37, 2.18) <0.0001
TT vs AT 0.29 14.60% Fix 1.23 (1.14, 1.33) <0.0001
TT vs AT + AA 0.007 54.10% Random 1.34 (1.20, 1.50) <0.0001
TT + AT vs AA 0.001 63.00% Random 1.58 (1.28, 1.96) <0.0001
Table 3. Summary of the subgroup analysis in this meta-analysis.
Comparison Category Category Studies ~ OR (95% CI) P-value
Chinese 13 1.36 (1.23,1.50)  <0.0001
Ethnicity
other 2 1.15 (0.45, 2.93) 0.77
Y 9 1.27 (1.05, 1.53) 0.01
HWE
N 6 1.41 (1.26,1.57)  <0.0001
Tvs A
breast cancer 3 0.99 (0.74, 1.32) 0.93
Gastrointestinal tumor 5 1.29 (1.09, 1.53) 0.003
Cancer type
Urinary neoplasms 4 1.56 (1.36, 1.78)  <0.0001
other cancer 3 1.54 (1.35,1.77)  <0.0001
Chinese 13 1.79 (1.49, 2.15)  <0.0001
Ethnicity
other 2 1.40 (0.17, 11.18) 0.75
Y 9 1.58 (1.07, 2.34) 0.02
HWE
N 6 1.88 (1.59,2.22)  <0.0001
TT vs AA
breast cancer 3 0.98 (0.53, 1.82) 0.95
Gastrointestinal tumor 5 1.65(1.17, 2.32) 0.004
Cancer type
Urinary neoplasms 4 2.28 (1.64,3.18)  <0.0001
other cancer 3 2.27 (1.71,3.02)  <0.0001
Chinese 13 1.24 (1.14, 1.34)  <0.0001
Ethnicity
other 2 1.20 (0.84, 1.70) 0.317
Y 9 1.26 (1.08, 1.48) 0.004
HWE
N 6 1.23(1.10, 1.37)  <0.0001
TT vs AT + AA
breast cancer 3 1.08 (0.87, 1.33) 0.49
Gastrointestinal tumor 5 1.17 (1.02, 1.35) 0.03
Cancer type
Urinary neoplasms 4 1.53 (1.28,1.84) <0.0001
other cancer 3 1.30 (1.08, 1.57) 0.006
Chinese 13 1.35(1.22,1.50)  <0.0001
TT vs AT Ethnicity
other 2 1.24 (0.53, 2.93) 0.62
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Continued
Y 9 1.31 (1.08, 1.60) 0.006
HWE
N 6 1.32(1.23,1.42)  <0.0001
breast cancer 3 1.03 (0.79, 1.36) 0.81
TT vs AT
Gastrointestinal tumor 5 1.28 (1.13, 1.46)  <0.0001
Cancer type
Urinary neoplasms 4 1.64 (1.39,1.95)  <0.0001
other cancer 3 1.51 (1.27, 1.79)  <0.0001
Chinese 13 1.63 (1.44,1.86) <0.0001
Ethnicity
other 2 1.22 (0.20, 7.59) 0.83
Y 9 1.43 (1.01, 2.01) 0.04
HWE
N 6 1.74 (1.48,2.05)  <0.0001
TT + AT vs AA
breast cancer 3 0.96 (0.53, 1.72) 0.89
Gastrointestinal tumor 5 1.56 (1.14, 2.12) 0.005
Cancer type
Urinary neoplasms 4 1.57 (1.27,1.94)  <0.0001
other cancer 3 1.95 (1.41, 2.68)  <0.0001
Begg's funnel plot with pseudo 95% confidence limits Begg's funnel plot with pseudo 95% confidence limits
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Figure 1. Sensitivity analysis results of the association between caveolin-1 rs7804372 polymorphism and overall cancer risk. Ab-

breviations: CI, confidence interval; OR, odds ratio.
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Figure 2. Begg’s funnel plots of the association between Caveolin-1 rs7804372 polymorphism and Overall cancer risk. Abbrevia-
tions: SE, standard error of the logOR; logOR, natural logarithm of the OR; OR, odds ratio.

4. Discussion

Located on human chromosome 7 (7q31.1) and contains 3 exons, Caveolin-1
gene can encode the protein of Caveolin-1. CAV-1 is the major structural pro-
tein in Caveolin and consists of 178 amino acids, which plays an important role
in many signaling pathways, molecular transport, and cellular proliferation and
differentiation, potentially involved in the development and metastasis of tu-
mors. In order to figure out controversial results from previous reports, we col-
lected all available published studies and performed a meta-analysis to confirm
the association between caveolin-1 (rs7804372) and cancer.

Based on a 15 case-control study, the meta-analysis focuses on the relation-
ship between Asian polymorphism of Caveolin-1 (rs7804372) polymorphism
and tumor correlation, and is analyzed by 5 kinds of comparison models. Our
study demonstrated caveolin-1 (rs7804372) polymorphism increased the risk of
cancer in all five comparison models.

Our meta-analysis had some advantages. For instance, we strictly obeyed the
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inclusion and exclusion criteria to reduce selection bias. We confirmed stratifi-
cation analysis and sensitivity analysis to seek the sources of high heterogeneity.
Stratification analysis was conducted according to ethnicity, HWE status, and
Cancer type. Our data indicated Caveolin-1 rs7804372 polymorphism was sig-
nificantly associated with an increased risk of cancer among Chinese studies.
Meantime, statistically significantly increased risks were found among HWE
status, and cancer type studies also. However, there were not significantly in-
creased risks of breast cancer in all genetic models. Owing to induce cellular
transformation, activate MAPK signaling pathway and alter act in networks,
Caveolin-1 rs7804372 polymorphism associates with a higher ER, Her-2 positive
rate and tumors size among BC patients (Wangmeng 2017).

Despite the fact that we strictly obeyed the inclusion and exclusion criteria,
this meta-analysis may have some limitations. First, publication bias may be
present, base of only including data of published studies. Second, All included
literatures were case-control studies and have not enough data, we did not per-
form stratification analysis to clear heterogeneity. Third, some studies do not
meet the Hardy-Weinberg equilibrium and cannot fully represent the frequency
of genes in the local population. Finally, This meta-analysis mainly based on the
Asian population. Therefore, the results can be promoted and applicable to other

groups remains unclear.

5. Conclusion

The present study demonstrated that the allele T of Caveolin-1 (rs7804372) po-
lymorphism might associate with increased susceptibility to cancer, and might
predict worse survival in patients with various types of cancer. However, further

well-designed studies are required to evaluate this association.
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