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Background: Vascular endothelial growth factor (VEGF) is a key mediator that plays an
important role in angiogenesis, tumor growth, and tumor metastasis. The associations between
five polymorphisms of VEGF (rs3025039, rs699947, rs10434, rs1570360, and rs2010963) and
renal cell carcinoma (RCC) risk have been extensively investigated, but the currently available
results are inconsistent and inconclusive. To obtain a more accurate assessment of the associa-
tions, we conducted a meta-analysis in this study.

Materials and methods: Relevant studies were collected systemically from the following
three electronic databases: MEDLINE, Web of Science, and CNKI (Chinese National Knowledge
Infrastructure). Statistical analyses were performed using Review Manager 5.2 in a fixed- or
random-effects model. Pooled odds ratios (ORs) with 95% confidence intervals (95% Cls) were
calculated to establish the strength of associations.

Results: A total of eight case—control studies with 1,936 RCC cases and 2,770 controls fulfilling
the inclusion criteria were selected for this meta-analysis. The pooled OR indicated that rs699947
polymorphism was significantly associated with RCC risk in all genetic models. A significant
association was also found between the rs3025039 polymorphism and RCC risk in a homozygous
model (TT vs CC: OR =1.38,95% CI=1.11-1.72, P=0.004), a dominant model (CT+TT vs CC:
OR =1.21,95% CI=1.05-1.39, P=0.01), and a recessive model (TT vs CC+CT: OR =1.28, 95%
CI =1.04-1.57, P=0.02). After a subgroup analysis of ethnicity in the allele contrast model of
133025039 polymorphism, we found a significant relationship in the allele contrast model (T vs
C: OR =1.21, 95% CI =1.05-1.40, P=0.007) in the Asian population. With regard to rs10434
polymorphism, significant association was observed only in a homozygous model (GG vs AA:
OR =0.75, 95% CI =0.57-0.98, P=0.03). As to rs1570360 or rs2010963, we did not observe
any relationship between the two polymorphisms and RCC risk in our study.

Conclusion: Our meta-analysis confirmed the fact that rs699947, rs3025039, and rs10434
polymorphisms were significantly relevant to elevated RCC risk. In the meanwhile, this study
also demonstrated that the allele contrast model of 153025039 polymorphism was likely to be
associated with risk of RCC in the Asian population.

Keywords: renal cell carcinoma, vascular endothelial growth factor, polymorphism, meta-
analysis

Introduction

Renal cell carcinoma (RCC) is the most common type of kidney cancer and accounts
for >90% of all diagnosed cases.! It has been reported that RCC has the highest
mortality rate among the genitourinary cancers, and the incidence of RCC has
increased sequentially, especially in young patients and in patients with high-grade
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disease.”® The current statistical report shows that there are
~209,000 newly diagnosed RCC cases and 102,000 deaths
caused by RCC per year worldwide.* A study indicates that
~40% of RCC patients die of metastatic disease, because
metastases are often present at diagnosis and recurrence stage,
which are also common after complete resection of the pri-
mary tumor.’ It has been revealed that smoking,®” overweight
and obesity,*® hypertension,'® and potential environmental
causes!! are risk factors for the development and progres-
sion of RCC. However, the pathogenic mechanisms of RCC
underlying the established risk factors still remain vague.

Recent molecular studies have suggested that gene
polymorphism contributes to tumorigenesis.'*'> Vascular
endothelial growth factor (VEGF), an endothelial cell-
specific mitogen, has been deemed as a major contributor
to the development of RCC.'!"” VEGF is a vital stimulator
of pathological and physiological angiogenesis that acts
on vascular endothelial cells and promotes human blood
vessel growth during tumor growth, enabling invasion and
metastasis,'®! and the role of angiogenesis has been a recur-
rent denominator of RCC connected to VEGF.? Therefore, it
will be useful to understand better the molecular pathogenesis
of RCC, which can help to predict RCC and develop targeted
agents to treat this disease.

VEGEF is located on chromosome 6p21.3 with 8 exons
and 7 introns, spanning ~14 kb.?! It is highly polymor-
phic, especially in the promoter, the 5’-untranslated region
(UTR), and the 3’-UTR.? There are several common
single nucleotide polymorphisms (SNPs) in the VEGF
gene, including 753025039, rs699947, rs10434, rs1570360,
and rs2010963 positions, which could increase the risk of
developing diseases characterized by deranged angiogen-
esis and alter gene expression and protein production.!>232*
Up to now, many studies have investigated the association
between SNPs of the VEGF gene and RCC in different
populations.?? However, the results have been inconsistent
and inconclusive. In 2013, Zhang et al** conducted a meta-
analysis to present the genetic knowledge on the VEGF
gene polymorphisms and RCC risk in humans based on the
published evidence. However, due to the limitations of the
included study, the results of this meta-analysis indicated
that the VEGF rs3025039(+936C/T), rs699947(—2578C/A),
rs10434(1612G/A), rs1570360(+405C/G), and rs2010963
(-1154G/A) gene polymorphisms are not associated with
the risk of RCC. Therefore, in this study, we performed an
updated meta-analysis with eight studies for rs3025039,
1699947, rs10434, rs1570360, and rs2010963 polymor-
phisms to further clarify the associations.

Materials and methods

Literature and search strategy

A comprehensive systematic search was conducted for
published articles using MEDLINE, Web of Science, and
CNKI (Chinese National Knowledge Infrastructure); the years
were limited from 1993 to 2016. The following keywords and
MeSH terms were used: (“renal cell carcinoma” OR “renal
cell cancer” OR “RCC”) AND (“vascular endothelial growth
factor” OR “VEGF”) AND (“polymorphisms” OR “muta-
tions” OR “variants” OR “single nucleotide polymorphisms”
OR “SNP”). All included articles were published in English
language. At the same time, the reference lists of retrieved
papers and recent reviews were manually searched.

Study inclusion and exclusion criteria
Studies eligible for inclusion in our meta-analysis should
meet the following criteria: 1) must be independent case—
control or cohort design studies; 2) the article pertained to
the abovementioned VEGF polymorphisms (rs3025039,
1699947, 1510434, rs1570360, or rs2010963) and RCC risk;
3) patients have clinically confirmed RCC; 4) the studies pro-
vided the number of cases and controls for various genotypes
and sufficient data for calculating odds ratios (ORs) with 95%
confidence intervals (Cls); and 5) genotype distributions of
polymorphism of the control population were consistent
with Hardy—Weinberg equilibrium (HWE). Accordingly, the
exclusion criteria of the meta-analysis were 1) meta-analyses,
reviews, case reports, or no healthy control population;
2) animal studies; 3) non-conformity with the criteria for
RCC; 4) there are no sufficient data to estimate the ORs and
95% Cls; and 5) duplication of previous publications.

Data extraction

According to the inclusion and exclusion criteria, the follow-
ing information was independently extracted from eligible
studies by two investigators (Yu Tian and JingJing Song):
name of the first author, year of publication, ethnicity (such
as Asian or Caucasian), genotype method, sample sizes of
cases and controls, genotype frequency of cases and controls,
and P-value for HWE of controls. Any disagreements were
figured out by discussion until a consensus was achieved.

Statistical analysis

HWE was assessed with the chi-square test using the geno-
types of the controls in each study. The pooled ORs with the
corresponding 95% CIs were used to investigate whether
there existed associations between VEGF polymorphisms
and the risk of RCC based on allele contrast, homozygote,
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heterozygote, dominant, and recessive models as follows:
1) rs3025039(+936C/T) polymorphism (T vs C, TT vs CC,
CT vs CC, TT+CT vs CC, and TT vs CT+CC, respectively);
2) 1s699947(-2578C/A) polymorphism (A vs C, AA vs CC,
CA vs CC, AA+CA vs CC, and AA vs CA+CC, respectively);
3)rs10434(1612G/A) polymorphism (G vs A, GG vs AA, GA
vs AA, GG+GA vs AA, and GG vs GA+AA, respectively);
4) rs1570360(—1154G/A and —1156G/A) polymorphism
(A vs G, AA vs GG, GA vs GG, AA+GA vs GG, and AA
vs GA+GG, respectively); and 5) rs2010963(+405C/G
and —634G/C) polymorphism (C vs G, CC vs GG, CG vs GG,
CC+GC vs GG, and CC vs GC+GQG, respectively).

Heterogeneity was quantifiably measured using Cochran’s
0 test and [? statistic combined with the corresponding
P-value.** If I? value exceeded 50% or P<<0.10, the hetero-
geneity was significant, and a random-effects model was
employed. Otherwise, the ORs were calculated by fixed-
effects model (/><<50% or P>0.10).3 To consider potential
ethnicity variation, subgroup analysis was conducted on
the basis of ethnicity. To test the stability of the result, we
performed the sensitivity analysis by excluding one study
in turn. Visual inspection of asymmetry in Begg’s funnel
plots and Egger’s test was carried out to assess the potential
publication bias. Those statistical analyses or data syntheses
were calculated using Review Manager 5.2 and STATA
version 11. All P-values were two sided, and P<<0.05 was
defined to be statistically significant.

Results

Study characteristics
The initial search yielded 1,304 references. Of these articles,
we excluded 1,250 studies based on titles and/or abstracts.
Fifty-four texts were then reviewed for a further evaluation.
In accordance with the study inclusion criteria, 46 articles
were excluded for different reasons: 30 studies were about
VEGF as a predictive and/or prognostic biomarker; two
studies were review; 12 studies were obviously irrelevant;
one study was a meta-analysis, and one study was about
animal experiment. Finally, eight studies were included in
this meta-analysis.”>3? A flow diagram about the literature
search and study selection process is presented in Figure 1.
A total of 4,706 subjects were involved in this meta-
analysis, including 1,936 RCC patients and 2,770 healthy
controls. For the rs3025039(+936C/T) polymorphism, six
literatures with a total number of 1,450 cases and 2,343 con-
trols were included.?>-*"-23%32 For the rs699947(-2578C/A)
polymorphism, five literatures with a total number of
1,397 cases and 2,102 controls were included.?27:2%3!1

Potentially relevant studies identified through MEDLINE,
Web of Science and CNKI databases (N=1,304)

1,250 studies were excluded for

title and abstract review

v

| 54 articles for further evaluation

46 articles were excluded for:

* 30 studies were about VEGF
as a predictive and/or
prognostic biomarker;

» 2 studies were review;

¢ 12 studies were obviously
irrelevant;

¢ 1 study was a meta-analysis;

¢ 1 study was about animal
experiment;

v

8 articles were retrieved for detailed assessment

v

8 case—control studies were included
in this meta-analysis

Figure | Flow diagram of the study selection process.
Abbreviations: CNKI, Chinese National Knowledge Infrastructure; VEGF, vascular
endothelial growth factor.

For the rs10434(1612G/A) polymorphism, four literatures
with a total number of 985 cases and 1,861 controls were
included.??¢2%% For the rs2010963(+405C/G and —634G/C)
polymorphism, five literatures with a total number of
1,305 cases and 2,198 controls were included.?>27:29:30
While for the rs1570360(—1154G/A and —1156G/A) poly-
morphism, only three literatures with a total number of
660 cases and 1,055 controls were included.?>*3° Overall,
three of these included studies were conducted in Caucasian
population?’2%3° and the other five studies were conducted
in Asian population.?262%3132 DNA samples that are used to
detect the VEGF genetic polymorphisms were extracted from
blood in all included studies. Methods used for genotyping of
the eight case—control studies include Tagman, polymerase
chain reaction (PCR), and PCR-restriction fragment length
polymorphism (PCR-RFLP). Genotype distributions among
the controls of all studies were consistent with HWE. The
detailed study characteristics of the included studies are
displayed in Table 1.

Meta-analysis results

On the whole, the pooled ORs and 95% CIs of RCC were
considered under allele contrast, homozygous, heterozygous,
dominant, and recessive genetic models. A summary of our
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Table | Baseline characteristics of the included studies in the meta-analysis

Gene polymorphism Author (reference) Year Ethnicity Genotype method Case Control Genotype* P-value for HWE

Case
control
rs3025039
+936C/T Abe et al*? 2002  Asian PCR-RFLP 145 145 714/97 0.146
3/52/90
+936C/T Bruyere et al*® 2010 Caucasian PCR 51 202 1117129 0.124
2/53/141
+936C/T Saenz-Lopez et al”’ 2013 Caucasian TaqMan 216 280 2/57/156 0912
7/73/200
+936C/T Lu et al” 2015  Asian PCR-RFLP 412 824 59/91/262 0.124
105/166/554
+936C/T Shen et al* 2015  Asian PCR-RFLP 360 360 55/81/224 <0.001
46/73/240
+936C/T Xian et al® 2015  Asian PCR-RFLP 266 532 69/127/70 0.06
100/236/196
rs699947
—2578C/A Ajaz et al®! 2011  Asian PCR-RFLP 143 106 32/81/30 0.053
21/41/44
—2578C/A Saenz-Lopez et al?”’ 2013 Caucasian TaqMan 216 280 48/114/54 0.388
53/142/77
—2578C/A Lu et al” 2015 Asian PCR-RFLP 412 824 67/174/171  0.06
95/332/397
—2578C/A Shen et al* 2015 Asian PCR-RFLP 360 360 61/149/150  0.11
41/141/178
—2578C/A Xian et al® 2015  Asian PCR-RFLP 266 532 48/119/99 0.29
64/225/243
rs10434
+1612G/A Abe et al’? 2002  Asian PCR-RFLP 145 145 113/31/1 0.788
109/33/3
+1612G/A Lu et al” 2015  Asian PCR-RFLP 412 824 172/191/49  0.43
365/375/85
+1612G/A Shen et al* 2015  Asian PCR-RFLP 360 360 152/170/39  0.23
166/164/30
+1612G/A Xian et al® 2015  Asian PCR-RFLP 266 532 113/123/30  0.08
248/243/41
rs1570360
—1154G/A Ricketts et al*® 2009 Caucasian PCR 343 321 134/143/47  0.281
146/130/38
—1154G/A Bruyere et al*® 2010 Caucasian PCR 51 202 27/1715 0.322
94/83/25
—1156G/A Xian et al® 2015 Asian PCR-RFLP 266 532 39/112/115  0.18
80/220/232
rs2010963
+405C/G Bruyere et al*® 2010 Caucasian PCR 51 202 15/25/8 0.522
86/92/20
+405C/G Saenz-Lopez et al” 2013 Caucasian TaqMan 216 280 101/93/20 0.528
129/118/32
—634G/C Lu et al” 2015  Asian PCR-RFLP 412 824 139/194/79  0.13
299/377/148
—634G/C Shen et al* 2015  Asian PCR-RFLP 360 360 121/170/69  0.27
134/163/63
—634G/C Xian et al® 2015 Asian PCR-RFLP 266 532 30/132/104  0.06
49/256/227

Notes: *Genotype: for rs3025039(+936C/T), TT/CT/CC; for rs699947(-2578C/A), AA/ACICC; for rsl0434(+1612G/A), GG/GA/AA; for rs1570360(—1154G/A
and —1156G/A), GG/GA/AA; for rs2010963(+405C/G and —634G/C), GG/GC/CC.
Abbreviations: HWE, Hardy—Weinberg equilibrium; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism.
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meta-analysis results for the five studied polymorphisms and
RCC risk is provided in Table 2.

Pooled effects for the rs3025039(+936C/T)
polymorphism and RCC risk

The pooled results of all analyses showed that a significant
association between the rs3025039(+936C/T) polymorphism
and RCC risk was demonstrated under homozygous, dominant,
and recessive models (TT vs CC: OR =1.38,95% CI=1.11-
1.72, I’=25%, P =0.004; CT+TT vs CC: OR =1.21, 95% CI
=1.05-1.39, I’=39%, P=0.001; TT vs CC+CT: OR =1.28,
95% CI1=1.04-1.57, I’=0%, P=0.02). And there was no rela-
tionship in the other two models (T vs C: OR =1.13,95% CI
=0.93-1.37, I’=61%, P=0.61; CT vs CC: OR =1.17,95% CI
=1.00-1.37, I’=25%, P=0.06). According to the heterogene-
ity (I?>50%) in the allele contrast model, we performed a
subgroup analysis of ethnicity. The result of this subgroup
analysis was shown as follows: Caucasian (T vs C: OR=0.99,
95% CI =0.48-2.05, I’=78%, P=0.98) and Asian (T vs
C: OR =1.21, 95% CI =1.05-1.40, I’=28%, P=0.007). We

surprisingly found that rs3025039(+936C/T) polymorphism
was significantly associated with RCC for Asians in the
allele contrast model (Table 2; Figure 2). Furthermore, no
publication bias was found, showing that the results are sta-
tistically robust (T vs C, P=0.468; TT vs CC, P=0.877; CT
vs CC, P=0.765; TT+CT vs CC, P=0.707; TT vs CT+CC,
P=0.881).

Pooled effects for the rs699947(-2578C/A)

polymorphism and RCC risk

When it came to the 1s699947(—2578C/A) polymorphism,
we detected significant associations under all genetic models
(AvsC:OR=1.31,95% CI=1.19-1.45, I*=0%, P<<0.00001;
AA vs CC: OR =1.69, 95% CI =1.37-2.07, I’=0%,
P<0.00001; CA vs CC: OR =1.31, 95% CI =1.12-1.52,
1’=47%, P=0.0006; CA+AA vs CC: OR = 1.39, 95%
CI = 1.21-1.61, I*=35%, P<<0.00001; AA vs CC+CA:
OR =1.43, 95% CI =1.19-1.73, I’=0%, P=0.0002), as indi-
cated in Table 2 and Figure 3. Funnel plot symmetry was
performed to estimate publication bias, and the results were

Table 2 Meta-analysis results for the five studied polymorphisms and RCC risk

Gene polymorphism Inherited model Heterogeneity test Analysis model Pooled OR (95% CI) P-value
P for Q test > (%)

rs3025039 Allele contrast (T vs C) 0.02 6l REM 1.13(0.93, 1.37) 0.22
Homozygous (TT vs CC) 0.24 25 FEM 1.38 (.11, 1.72) 0.004
Heterozygous (CT vs CC) 0.24 25 FEM 1.17 (1.00, 1.37) 0.06
Dominant (TT+CT vs CC) 0.15 39 FEM 1.21 (1.05, 1.39) 0.01
Recessive (TT vs CT+CC) 0.45 0 FEM 1.28 (1.04, 1.57) 0.02

rs699947 Allele contrast (A vs C) 0.60 0 FEM 1.31 (1.19, 1.45) <0.00001
Homozygous (AA vs CC) 0.77 0 FEM 1.69 (1.37, 2.07) <0.00001
Heterozygous (CA vs CC) 0.11 47 FEM .31 (1.12, 1.52) 0.0006
Dominant (AA+CA vs CC) 0.19 35 FEM 1.39 (1.21, 1.61) <0.00001
Recessive (AA vs CA+CC) 0.78 0 FEM 1.43 (1.19, 1.73) 0.0002

rs10434 Allele contrast (G vs A) 0.60 0 FEM 0.89 (0.80, 1.00) 0.06
Homozygous (GG vs AA) 0.53 0 FEM 0.75 (0.57, 0.98) 0.03
Heterozygous (GA vs AA) 0.65 0 FEM 0.82 (0.63, 1.07) 0.15
Dominant (GG+GA vs AA) 0.57 0 FEM 0.79 (0.61, 1.01) 0.06
Recessive (GG vs GA+AA) 0.57 0 FEM 0.89 (0.77, 1.04) 0.14

rs1570360 Allele contrast (A vs G) 0.26 25 FEM 1.05 (0.90, 1.22) 0.55
Homozygous (AA vs GG) 0.47 0 FEM 1.10 (0.81, 1.50) 0.55
Heterozygous (GA vs GG) 0.40 0 FEM 1.07 (0.83, 1.37) 0.60
Dominant (AA+GA vs GG) 0.29 19 FEM 1.08 (0.86, 1.36) 0.52
Recessive (AA vs GA+GG) 0.64 0 FEM 1.04 (0.81, 1.32) 0.78

rs2010963 Allele contrast (C vs G) 0.21 31 FEM 1.04 (0.94, 1.15) 0.49
Homozygous (CC vs GG) 0.23 28 FEM 1.07 (0.86, 1.32) 0.56
Heterozygous (CG vs GG) 0.68 0 FEM 1.09 (0.92, 1.28) 0.32
Dominant (CC+CG vs GG) 0.41 0 FEM 1.09 (0.93, 1.27) 0.29
Recessive (CC vs CG+GG) 0.44 0 FEM 1.00 (0.84, 1.19) 1.00

Note: P-value of overall effect.

Abbreviations: OR, odds ratio; Cl, confidence interval; REM, random effects model; FEM, fixed-effects model; RCC, renal cell carcinoma.
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Study or RCC Control Weight Odds ratio M-H, Odds ratio M-H,
subgroup Events Total Events Total (%) random, 95% ClI random, 95% CI
Caucasian
Bruyere et al®® 19 94 57 392 8.1 1.49 (0.84, 2.65) T
Saenz-Lopez et al?” 61 430 87 460 14.6 0.71 (0.50, 1.01) -

Subtotal (95% Cl) 524 852 226 0.99 (0.48, 2.05) <o

Total events 80 144

Heterogeneity: 72=0.22; ?=4.61, df=1 (P=0.03); 1>=78%

Test for overall effect: Z=0.02 (P=0.98)

Asian

Abe et al*? 55 290 58 290 12.5 0.94 (0.62, 1.41) -

Lu et al?® 209 824 376 1,650 227 1.15 (0.95, 1.40) =

Shen et al*® 191 720 167 720 20.3 1.20 (0.94, 1.52) -

Xian et al*® 265 532 436 1,064 21.9 1.43 (1.16, 1.76) -

Subtotal (95% CI) 2,366 3,724 77.4 1.21 (1.05, 1.40) )

Total events 720 1,037

Heterogeneity: 72=0.01; y?=4.16, df=3 (P=0.24); 1?=28%

Test for overall effect: Z=2.68 (P=0.007)

Total (95% CI) 2,890 4,576 100 1.13 (0.93, 1.37) $

Total events 800 1,181

Heterogeneity: 72=0.03; ?=12.93, df=5 (P=0.02); I*=61% t t t {
0.01 0.1 1 10 100

Test for overall effect: Z=1.23 (P=0.22)
Test for subgroup differences: y?=0.29, df=1 (P=0.59); 1>=0%

Favors (RCC) Favors (control)

Figure 2 Forest plot of the association between the rs3025039(+936C/T) polymorphism and RCC risk in the allele contrast model (T vs C).

Abbreviations: RCC, renal cell carcinoma; Cl, confidence interval.

validated by Egger’s test (A vs C, P=0.520; AA vs CC,
P=0.642; CA vs CC, P=0.142; AA+CA vs CC, P=0.209;
AA vs CA+CC, P=0.305).

Pooled effects for the rs10434(1612G/A)

polymorphism and RCC risk

The meta-analysis results showed that the rs10434(1612G/A)
polymorphism increased the risk of RCC in the homozygous
model (GG vs AA: OR =0.75, 95% CI =0.57-0.98, I*=0%,
P=0.03), but no significant associations were found in the
heterozygous and dominant models where the results were as
follows: G vs A: OR =0.89, 95% CI1=0.8-1.00, /*=0%, P=0.06;
GA vs AA: OR =0.82, 95% CI1 =0.63-1.07, I’=0%, P=0.15;

GA+GG vs AA: OR =0.79, 95% CI =0.61-1.01, I*=0%,
P=0.06; GG vs GA+AA: OR =0.89, 95% CI =0.77-1.04,
1’=0%, P=0.14 (Table 2; Figure 4). No publication bias was
detected in the funnel plot and Egger’s test (G vs A, P=0.274;
GG vs AA, P=0.348; GA vs AA, P=0.355; GG+GA vs AA,
P=0.331; GG vs GA+AA, P=0.235).

Pooled effects for the

rs1570360(—1 154G/A and —1 156G/A)
polymorphism and RCC risk

No associations were observed betweens1570360(—1154G/A
and —1156G/A) polymorphism and RCC risk in any
genetic models. The results were as follows: A vs

Study or RCC Control Weight Odds ratio M-H, Odds ratio M-H,
subgroup Events Total Events Total (%) fixed, 95% CI fixed, 95% CI

Ajaz et al*' 145 286 83 212 7.2 1.60 (1.11, 2.29) -

Lu et al?® 308 824 522 1,648 33.2 1.29 (1.08, 1.53) o

Shen et al?® 271 720 223 720 21.2 1.35(1.08, 1.67) hd

Saenz-Lopez etal? 210 432 248 544 17.2 1.13 (0.88, 1.45) -

Xian et al® 215 532 353 1,064 21.3 1.37 (1.10, 1.69) bl

Total (95% CI) 2,794 4,188 100 1.31 (1.19, 1.45) '

Total events 1,149 1,429 . . . .

Heterogeneity: y?=2.74, df=4 (P=0.60); 1>=0%
Test for overall effect: Z=5.28 (P<0.00001)

0.01 0.1 1 10 100
Favors (RCC) Favors (control)

Figure 3 Forest plot of the association between the rs699947(-2578C/A) polymorphism and RCC risk in the allele contrast model (A vs C).

Abbreviations: RCC, renal cell carcinoma; Cl, confidence interval.
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Study or RCC Control Weight Odds ratio M-H, Odds ratio M-H,
subgroup Events Total Events Total (%) fixed, 95% CI fixed, 95% CI
Abe et al*? 113 114 109 112 0.8 3.11 (0.32, 30.36)

Lu et al?® 172 221 365 450 43.6 0.82 (0.55, 1.21)

Shen et al*® 152 191 166 196 27.4 0.70 (0.42, 1.19)

Xian et al® 113 143 248 289 28.2 0.62 (0.37, 1.05)

Total (95% Cl) 669 1,047 100 0.75 (0.57, 0.98)

Total events 550 888
Heterogeneity: y?=2.22, df=3 (P=0.53); 1*=0%
Test for overall effect: Z=2.11 (P=0.03)

0.01 0.1 1 10 100
Favors (RCC) Favors (control)

Figure 4 Forest plot of the association between the rs10434(+1612G/A) polymorphism and RCC risk in the homozygous model (GG vs AA).

Abbreviations: RCC, renal cell carcinoma; Cl, confidence interval.

G: OR =1.05, 95% CI =0.9-1.22, I’=25%, P=0.55; AA vs
GG: OR =1.10, 95% CI=0.81-1.50, I*=0%, P=0.55; GA vs
GG: OR=1.07,95% CI=0.83-1.37, I’=0%, P=0.60; GA+AA
vs GG: OR =1.08, 95% CI1=0.86-1.36, I’= 19%, P=0.52; AA
vs GG+GA: OR =1.04, 95% C1=0.81-1.32, I>=0%, P =0.78.
Moreover, the results of Egger’s test suggested no publication
(A vs G, P=0.487; AA vs GG, P=0.557; GA vs GG, P=0.272;
AA+GA vs GG, P=0.499; AA vs GA+GG, P=0.920).

Pooled effects for the
rs2010963(+405C/G and —634G/C)
polymorphism and RCC risk

Our meta-analysis did not show any significant correlations
between the rs2010963(+405C/G and —634G/C) poly-
morphism and RCC risk in all the genetic models in the
total population (C vs G: OR =1.04, 95% CI =0.94—1.15,
I’=31%, P=0.49; CC vs GG: OR =1.07,95% CI =0.86-1.32,
1’=28%, P=0.56; GC vs GG: OR =1.09, 95% CI =0.92—
1.28, I’=0%, P=0.32; GC+CC vs GG: OR =1.09, 95%
CI=0.93-1.27, I’=0%, P=0.29; CC vs GC+GG: OR =1.00,
95% C1=0.84-1.19, I* =0%, P=1.00). Besides, the results of
Egger’s test were as follows: C vs G, P=0.587; CC vs GG,
P=0.819; CG vs GG, P=0.180; CC+GC vs GG, P=0.909;
CC vs GC+GG, P=0.740.

Sensitive analysis

To assess whether the single study influenced the pooled
results, we conducted the sensitivity analysis by excluding
each single study one by one. The results of pooled ORs indi-
cated that the overall significance of the ORs was not altered
by any single study for the rs3025039(+936C/T) polymor-
phisms (Figure 5). It is demonstrated that the pooled result of
our study was of relatively high reliability and stability.

Publication bias
No significant publication bias was detected for the studies
onrs3025039, 1699947, rs10434, rs1570360, and rs2010963

polymorphisms. On one hand, the shapes of the funnel
plots were symmetrical by visual inspection. On the other
hand, the P-value of all genetic models exceeded 0.05 in
the Egger’s test.

Discussion

VEGF is one of the most important cytokines in angiogen-
esis, which has attracted extensive attention. High expression
of VEGF in the primary tumor has been found in certain
types of malignant tumors such as breast cancer, gastric
cancer, and glioma.**3 The high expression of VEGF was
demonstrated by the vast majority of fresh frozen tumor
samples in RCC as well,** and it was confirmed that von
Hippel-Lindau (VHL) tumor suppressor gene inactivation
could lead to VEGF overexpression in the majority of clear
cell RCC tumors.*

A large number of studies are focusing on the associations
among protein expression/activity, gene variants (particularly
SNPs), and tumor formation. In 2002, Abe et al*? conducted
the first case—control study of the association between SNPs
in the 3-UTR of the VEGF gene and RCC in the Japanese

Meta-analysis estimates,
given named study is omitted

| Lower Cl limit o Estimate | Upper Cl limit

Abe et al*?
Bruyere et al®®
Lu et al®
Shen et al?®

Saenz-Lopez et al?’

Xian et al*® ¢ |
0.86 0.93 1.13

1.37 1.44

Figure 5 Sensitivity analysis for the associations between rs3025039(+936C/T)
polymorphism and RCC risk.
Abbreviations: RCC, renal cell carcinoma; Cl, confidence interval.

OncoTargets and Therapy 2017:10

submit your manuscript

1731

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Wang et al

Dove

population and indicated that the C702T, C936T, and
G1612A polymorphisms in the 3’-UTR of the VEGF gene
are not associated with the risk of RCC. Since then, a series
of case—control studies have been conducted, but the avail-
able results are inconsistent and inconclusive. In 2013, Zhang
et al** conducted a meta-analysis with only five case—control
studies and observed that polymorphisms or haplotypes in the
VEGF gene did not modify the risk of RCC. To date, three
additional studies have revealed the connections between
VEGF polymorphisms and RCC risk.??%* Qur present
meta-analysis aims to update the previous meta-analysis and
to provide a more reliable and credible conclusion on the
associations between five common functional polymorphisms
(rs3025039, 15699947, rs10434, rs1570360, and rs2010963)
in VEGF gene and RCC susceptibility.

In our meta-analysis, eight eligible case—control studies
were included with a total number of 1,936 RCC patients
and 2,770 healthy controls. When all the eligible studies
were pooled into the meta-analysis, the results showed that
1$699947(-2578C/A) and rs3025039(+936C/T) polymor-
phisms significantly increased the risk of RCC. One possible
reason for these inconsistent results could be explained that
1$699947(-2578C/A) and rs3025039(+936C/T) polymor-
phisms were more influential than other SNPs on VEGF gene
expression and protein production and indicate that various
polymorphisms yield various effects on gene function, even
when they are located at the same unit. Furthermore, in the
subgroup analysis by ethnicity for the rs3025039(+936C/T)
polymorphism, a statistically significantly increased RCC
risk in Asians was found in the allele contrast model of
1$3025039(+936C/T) polymorphism. For ethnicity varia-
tion, the possible reasons may be great disparities in com-
mon VEGF gene polymorphisms and the natural selection
and genetic drift that are most likely to influence the risk
of RCC. For one thing, most of our included studies were
conducted in Asian population, and only three studies were
performed in Caucasian population. For the other thing, the
small sample size of some included studies could also lead
to the discrepancy. In addition, we explain that the reasons
why there was no relationship between rs3025039 polymor-
phism and RCC risk in the heterozygous model might be the
insufficient studies and limited sample sizes. Therefore, we
need further studies conducted in more different ethnici-
ties, and experiments of enough samples are necessary to
evaluate the associations between VEGF polymorphisms
and RCC risk. As to rs10434(1612G/A) polymorphism, a
significant association was observed in a homozygous model
although all ORs in the separate studies were not statistically

significant, which may due to the new research data and a
large sample size.

Some possible limitations of our meta-analysis should be
taken into consideration. First, even though a comprehensive
search strategy was applied to determine eligible studies,
it was probable that some eligible studies were not brought
into, which could make our results have bias. Second, only
eight eligible studies were collected, so the limited number
of studies may have an influence on the analysis of the cor-
relation between the five VEGF polymorphisms and the risk
of RCC. Third, as a retrospective study, the meta-analysis
may encounter recall or selection bias; thereby it is a pos-
sible reason to affect the reliability of our results. Fourth, for
the rs10434(1612G/A) polymorphism, all studies included
were conducted in Asian population. With a single Asian race
was examined, ethnicity bias may exist and the conclusion
may not be the same with other races. Fifth, various risk fac-
tors are crucial determining factors of tumor recurrence, such
as smoking, hypotension, and other genetic factors. Thus, the
unadjusted databases in this meta-analysis could not explain
the inherent pathogenic mechanisms clearly.

Accumulating evidence indicates that the pathogenic
mechanisms of many diseases including RCC were deter-
mined by a unique combination of endogenous and exog-
enous factors, resulting in various molecular and pathological
subtypes of this disease.*! Molecular pathological epidemiol-
ogy (MPE) is an integrative field that is based on the disease
continuum theory and the unique disease principle, which
can give clues to analyze the risk factors of diseases.*** For
example, an MPE study assessed the joint effects of genetic
polymorphisms in the mammalian target of rapamycin path-
way and epidemiologic risk factors on RCC risk and showed
that obesity played a vital role in enhancing RCC risk during
the life course.* Together, the MPE research can provide
etiologic and pathogenic insights to precision medicine and
public health, which will be applied to reveal the carcinogenic
mechanism as a future direction of the field.

In spite of these potential limitations, this meta-analysis
has its advantages and innovations. First, extensive search
strategy and manual search allowed the eligible studies
included as possible as we can. Second, compared to previous
meta-analysis, our meta-analysis contained new research data
and a large sample size. Third, according to the existence of
heterogeneity, we conducted a subgroup analysis in our meta-
analysis, which is not performed in previous meta-analysis.
Therefore, we can consider that the conclusions are credible
and reliable to explore the relationship between the VEGF
polymorphisms and RCC risk.
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Conclusion

Our meta-analysis reevaluates the relationship between
VEGF polymorphisms and RCC risk and suggests that there
is a significant association between rs699947(-2578C/A)/
rs3025039(+936C/T) polymorphism and RCC. Moreover,
our study also demonstrates that the allele contrast model of
rs3025039 polymorphism is likely to be associated with risk
of RCC in Asian population and the homozygous model of
rs10434 polymorphism is statistically significantly relevant
to elevated RCC risk, while no significant association is
detected between rs1570360(—1154G/A and —1156G/A)
or 1s2010963(+405C/G and —634G/C) polymorphism and
risk of RCC. Considering the limitations mentioned earlier,
further well-designed studies including more different eth-
nicities and larger sample sizes are needed to confirm our
results and explore these associations.
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