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Abstract: Vascular endothelial growth factor (VEGF) regulates angiogenesis during the development of psoriasis, 
yet it is unclear whether the VEGF -460T/C and +405G/C polymorphisms associated with psoriasis risk. Here, a 
case-control study in a Chinese Han population and a meta-analysis were conducted to further investigate these 
associations. This case-control study involved 248 Han Chinese cases and 259 gender- and age-matched healthy 
controls, which were genotyped using polymerase chain reaction-ligation detection reaction (PCR-LDR) method. The 
results together with data from previous studies were meta-analyzed. Our case-control study suggested the -460T/C 
and +405G/C polymorphisms were not associated with psoriasis, but subgroup analysis by gender indicated a 
significant association with decreased risk of psoriasis in male subjects under heterozygote (OR = 0.60, 95% CI = 
0.39-0.93, P = 0.022), dominant (OR = 0.59, 95% CI = 0.39-0.91, P = 0.016), and allele (OR = 0.70, 95% CI = 0.50-
0.97, P = 0.031) models of the -460T/C polymorphism. Similarly, the meta-analysis including the present study (six 
studies on -460T/C and nine studies on +405G/C) showed no associations between the two polymorphisms and 
psoriasis. However, subgroup analysis by ethnicity revealed a significant association with decreased risk of psoriasis 
in Caucasians under both heterozygote (OR = 0.68, 95% CI = 0.50-0.92, Ph = 0.794, I2 = 0.0%) and dominant (OR 
= 0.73, 95% CI = 0.55-0.97, Ph = 0.371, I2 = 0.0%) models of the -460T/C polymorphism and in Asians under allele 
(OR = 0.85, 95% CI = 0.77-0.93, Ph = 0.502, I2 = 0.0%) model of the +405G/C polymorphism. The meta-analysis 
and our case-control study respectively suggest the -460T/C polymorphism confers decreased risk to psoriasis in 
Caucasians and male Han Chinese, and that the +405G/C polymorphism confers decreased risk to psoriasis in 
Asians, but not in a Chinese Han population. 

Keywords: Vascular endothelial growth factor, polymorphism, soriasis, meta-analysis

Introduction

Psoriasis is a chronic skin disease that affects 
1-3% of the world’s population [1] and is char-
acterized by epidermal hyperplasia, inflamma-
tory infiltration, and microvascular abnormali-
ties [2, 3]. Microvascular changes are some of 
the earliest signs of psoriasis and are detect- 
ed in psoriatic lesion of all stages, suggesting 
that angiogenesis plays a key role in psoriasis 
pathogenesis [4]. Vascular endothelial growth 
factor (VEGF) is a critical angiogenic factor  
that regulates capillary formation, vascular per-
meability, and endothelial cell proliferation, mi- 
gration, and differentiation [5]. Clinical studies 
have demonstrated that VEGF expression in- 

creases in psoriatic skin lesions, and that 
serum VEGF is elevated in patients with psoria-
sis. In addition, VEGF levels correlate with dis-
ease severity and early-onset forms of psoria-
sis [6-8]. Transgenic mice carrying a VEGF over-
expression construct have chronic inflammato-
ry skin lesions that are associated with micro-
vascular changes and resemble human psoria-
sis [9]. VEGF knockout mice are characterized 
by reductions in microvasculature density and 
vascular permeability and do not develop epi-
dermal hyperplasia in response to repeated 
tape stripping (a model of psoriasis form hy- 
perplasia) [10]. Finally, evidence from both 
mouse and human studies suggests that anti-
VEGF treatments can reverse psoriatic patholo-
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gies [11]. These results indicate that VEGF 
plays a significant pathophysiologic role in  
psoriasis and thus represents an attractive 
therapeutic target for treating this disease.

VEGF is located on human chromosome 6p21, 
contains eight exons, and is a candidate gene 
within the psoriasis susceptibility 1 (PSORS1) 
genetic locus [12]. VEGF is highly polymorphic, 
with at least 25 characterized single nucleo- 
tide polymorphisms [13-15]. Some VEGF po- 
lymorphisms influence VEGF production and 
are associated with susceptibility or severity  
of many diseases, including psoriasis [3, 15- 
17]. Two of these polymorphisms, -460T/C 
(rs833061) within the promoter region and 
+405G/C (rs2010963) within the 5’-untrans-
lated region, have been analyzed in the con- 
text of psoriasis. Several case-control studies 
identified associations between the -460T/C 
[16-20] and +405G/C [16-23] polymorphisms 
and psoriasis risk whereas others did not. In- 
consistent conclusions of these polymorph- 
isms and psoriasis also existed between the 
two recent meta-analyses [24, 25]. It is unclear 
why these studies have come to different con-
clusions, but small sample sizes and/or clini- 
cal heterogeneity likely contributed to the ob- 
served discrepancies. Therefore, to a better 
understanding of the associations between the 
VEGF -460T/C and +405G/C polymorphisms 
and psoriasis risk, we conducted a hospital-
based case-control study in a Chinese Han 
population and also a comprehensive meta-
analysis including all the studies available to 
date.

Materials and methods

Study subjects

Han Chinese patients (n = 248) were con- 
secutively recruited from the Department  
of Dermatology (Guangzhou Institute of Der- 
matology, Guangzhou, China) and the clini- 
cal diagnosis was confirmed by at least two  
dermatologists. The health controls (n = 259) 
without history of psoriasis and other autoim-
mune diseases were frequency-matched to  
the cases by age (± 3 years) and gender, and 
were collected in the same period. This study 
was approved by the Medical Ethics Com- 
mittee at the Department of Dermatology, 
Guangzhou Institute of Dermatology, and was 
performed in full accordance with the De- 
claration of Helsinki Guidelines.

Genotyping

Blood samples (1 mL) were collected, and 
genomic DNA was extracted from peripheral 
whole blood using the TIANamp blood DNA 
extraction kit (TianGen Biotech, Beijing, China). 
Genotyping was performed using the poly-
merase chain reaction-ligation detection reac-
tion (PCR-LDR) method as described previous- 
ly [26]. The sequence of primers and probes  
is summarized in Table S1. Cycling pa- 
rameters were as follows: 95°C for 2 min; 40 
cycles at 94°C for 30 s, annealing at 56°C  
for 90 s, and 65°C for 30 s; and a final ex- 
tension step at 65°C for 10 min. The LDR 
parameters were as follows: 95°C for 2 min,  
40 cycles at 94°C for 15 s and 50°C for 25 s. 
Following the LDR reaction, 1 μl LDR reac- 
tion product was mixed with 1 μl ROX and 1 μl 
loading buffer. The mixture was then analyzed 
by the ABI Prism 377 DNA Sequencer (Applied 
Biosystems, USA). About 10% of the samples 
were randomly selected to perform the repeat-
ed assays and the results were 100% 
concordant.

Meta-analysis

The electronic databases PubMed, Embase, 
Web of Science, and the China National 
Knowledge Infrastructure were searched with-
out language limitations. The last search was 
performed December 7, 2015. The following 
key words were used in the search strategy: 
(psoriasis or psoriatic) and (polymorphism or 

Table 1. Clinical characteristics of patients 
with psoriasis (cases) and controls

Variable Cases  
(n = 248)

Controls  
(n = 259) P-value

Age (years)
    Mean 41.5 ± 16.2 40.8 ± 16.0 0.607
    Range 8-84 7-87
Gender
    Female 73 (29.4) 77 (29.7) 0.942
    Male 175 (70.6) 182 (70.3)
Onset (years)
    Early (≤ 40) 210 (84.7)
    Late (> 40) 38 (15.3)
Family history
    Yes 41 (16.5)
    No 207 (83.5)
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polymorphisms or variant or genotype) and 
(vascular endothelial growth factor or VEGF or 
VEGF -460T/C or rs833061 or VEGF +405G/C 
or rs2010963). Reference lists within the 
retrieved articles were also manually searched 
to find other potentially relevant studies.

Eligible studies were selected using the follow-
ing inclusion criteria: (1) they involved associa-
tions between the -460T/C or +405G/C and 
psoriasis, (2) they were case-control studies, 
and (3) they had sufficient data concerning gen-
otypes and allele frequencies to estimate odds 
ratios (ORs) with 95% confidence intervals (CIs). 

Relevant information was extracted from the 
eligible articles by two reviewers working inde-
pendently. Disagreements were resolved by a 
discussion involving all reviewers. Collected 
information included the first author’s name, 
the year of publication, the country in which the 
study was performed, the ethnicity of the sub-
jects (Caucasian or Asian), the number of cases 
and controls, the polymorphism frequencies in 
cases and controls (-460T/C and +405G/C), 
and the genotyping methods.

Statistical analysis

Genotype frequencies in control group were 
checked for the Hardy-Weinberg equilibrium 

ware (Stata, College Station, TX). The streng- 
th of association between the -460T/C or 
+405G/C polymorphism and psoriasis risk was 
evaluated by calculating ORs with 95% CIs 
under the following genetic models: 1) homozy-
gote model (CC vs. TT/CC vs. GG), 2) dominant 
model (TC + CC vs. TT/GC + CC vs. GG), 3) 
recessive model (CC vs. TT + TC/CC vs. GG + 
GC), 4) allele model (C vs. T/C vs. G), and 5)  
heterozygote model (TC vs. TT/GC vs. GG). The 
significance of the combined OR was deter-
mined using the Z-test with P< 0.05 consider- 
ed statistically significant. Between-study het-
erogeneity was estimated using the Q-test  
and the I2 statistic. If heterogeneity was not 
present (P> 0.10, or I2< 50%), the fixed effects 
model (Mantel-Haenszel’s method) was per-
formed to calculate the pooled OR [27]; other-
wise, the random effects model (DerSimo- 
nian-Laird method) was applied [28]. Subgroup 
analysis based on ethnicity (Caucasian vs. 
Asian) and HWE were performed to identify  
the sources of heterogeneity. Meta-regression 
was also performed to detect sources of het-
erogeneity [28]. Sensitivity analysis was per-
formed by sequentially excluding individual 
studies to assess the stability and reliability  
of the results. Publication bias was determin- 
ed using Begg’s funnel plot and Egger’s test, 
with an asymmetric funnel plot and P< 0.05 
indicating significant publication bias.

Table 2. Associations between -460T/C and +405G/C polymor-
phisms and psoriasis

Genotypes Cases (n = 248) 
No. (%)

Control (n = 259) 
No. (%)

Adjusted OR 
(95% CI)† P-value†

-460T/C
    TT 131 (52.8) 121 (46.7) 1.00 (reference)
    TC 101 (40.7) 117 (45.2) 0.80 (0.56-1.15) 0.233
    CC 16 (6.5) 21 (8.1) 0.73 (0.36-1.46) 0.368
    TC + CC 117 (47.2) 138 (53.3) 0.79 (0.56-1.12) 0.181
    T allele 363 (73.2) 359 (69.3) 1.00 (reference)
    C allele 133 (26.8) 159 (30.7) 0.83 (0.63-1.09) 0.184
+405G/C
    GG 102 (41.1) 109 (42.1) 1.00 (reference)
    GC 110 (44.4) 109 (42.1) 1.08 (0.74-1.58) 0.688
    CC 36 (14.5) 41 (15.8) 0.92 (0.54-1.55) 0.745
    GC + CC 146 (58.9) 150 (57.9) 1.04 (0.73-1.48) 0.845
    G allele 314 (63.3) 327 (63.1) 1.00 (reference)
    C allele 182 (36.7) 191 (36.9) 0.99 (0.76-1.28) 0.922
†Data were calculated by unconditional logistic regression with adjustment for age, 
gender. OR, Odds ratio; 95% CI, 95% confidence interval.

(HWE) by using goodness- 
of-fit χ2-test. Pearson chis-
quare test was used to 
examine distribution differ-
ence of genotypes between 
cases and controls. Asso- 
ciation between the poly-
morphism and the suscep- 
tibility of psoriasis was eval-
uated using unconditional 
logistic regression analysis, 
adjusted by age and gen- 
der. These statistical analy-
ses were performed with  
the SPSS software program 
(version 13.0, SPSS Inc., 
Chicago, IL, USA). All tests 
were two-sided, and the le- 
vel of statistical significan- 
ce was set at P< 0.05.

All data were meta-analyzed 
using the Stata 12.0 soft-
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Results

Case-control study in a Chinese Han popula-
tion

The frequency distributions of selected demo-
graphic characteristics of the cases and con-
trols are shown in Table 1. Five hundred and 
seven Han Chinese people were investigated in 
the study, including 248 patients with psoriasis 
(range from 8 to 84 years) and 259 age- and 
gender-matched controls; there was no signifi-
cant difference between the two groups (P> 
0.05). Genotype distributions of two polymor-
phisms in cases and controls were consistent 
with HWE (all P> 0.05).

There were no significant differences in geno-
typic or allelic analyses of the two polymor-
phisms between cases and controls, and simi-
lar results were detected in dominant model 
(-460T/C: OR = 0.79, 95% CI = 0.56-1.12, P = 
0.181; +405G/C: OR = 1.04, 95% CI = 0.73-
1.48, P = 0.845; Table 2). To further evaluated 
the two polymorphisms and psoriasis suscepti-
bility, stratification analysis by gender, age of 
onset and family history was performed. When 
stratifying the subjects by gender, we found a 
protective effect of psoriasis in male subjects 
under heterozygote (OR = 0.60, 95% CI = 0.39-
0.93, P = 0.022), dominant (OR = 0.59, 95% CI 
= 0.39-0.91, P = 0.016), and allele (OR = 0.70, 
95% CI = 0.50-0.97, P = 0.031) models of the 

Figure 1. Flow chart of the study 
selection process.
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Table 3. Characteristics of the eligible studies

VEGF  
Polymorphisms Author, year [ref] Country  

(ethnicity)

Patients with psoriasis Controls
Genotyping 

method HWESample 
size aa ab bb a b Sample 

size aa ab bb a b

-460T/C Young et al. 2004 [16] UK (Caucasian) 137 42 74 21 158 116 101 20 60 21 100 102 PCR-RFLP 0.059
Barile et al. 2006 [17] Italy (Caucasian) 117 33 51 33 117 117 215 59 117 39 235 195 PCR-RFLP 0.151
Zablotna et al. 2013 [20] Poland (Caucasian) 189 67 90 32 224 154 215 59 119 37 237 193 PCR-RFLP 0.082
Wang et al. 2008 [18] China (Asian) 101 44 51 6 139 63 101 49 47 5 145 57 PCR-RFLP 0.135
Wongpiyabovorn et al. 2008 [19] Thailand (Asian) 154 75 73 6 223 85 234 117 97 20 331 137 PCR-RFLP 0.987
Liang et al. (Present study) China (Asian) 248 131 101 16 363 133  259 121 117 21 359 159 PCR-LDR 0.320

+405G/C Young et al. 2004 [16] UK (Caucasian) 137 50 67 20 167 107 102 47 48 7 142 62 PCR-RFLP 0.257
Barile et al. 2006 [17] Italy (Caucasian) 117 53 50 14 156 78 215 88 99 28 275 155 PCR-RFLP 0.985
Butt et al. 2007 [23] Canada (Caucasian) 255 118 118 19 354 156 127 64 45 18 173 81 MassARRAY 0.038
Zablotna et al. 2013 [20] Poland (Caucasian) 189 94 81 14 269 109 215 121 86 8 328 102 ARMS-PCR 0.122
Wongpiyabovorn et al. 2008 [19] Thailand (Asian) 154 69 74 11 212 96 234 87 118 29 292 176 PCR-RFLP 0.254
Wang et al. 2008 [18] China (Asian) 103 51 39 13 141 65 103 37 52 14 126 80 PCR-RFLP 0.525
Lu et al. 2009 [22] China (Asian) 1067 364 512 191 1240 894 1084 391 524 169 1036 862 MassARRAY 0.764
Wu et al. 2010 [21] China (Asian) 257 100 111 46 311 203 258 73 133 52 279 237 PCR-RFLP 0.543
Liang et al. (Present study) China (Asian) 248 102 110 36 314 182 259 109 109 41 327 191 PCR-LDR 0.122

aa genotype: -460TT or +405GG; ab genotype: -460TC or +405GC; bb genotype: -460CC or +405CC; a genotype: -460T or +405G; b genotype: -460C or +405C; PCR-RFLP: Polymerase chain reaction-restric-
tion fragment length polymorphism; ARMS-PCR: Amplification refractory mutation system-polymerase chain reaction; PCR-LDR: Polymerase chain reaction-ligation detection reaction; HWE: Hardy-Weinberg 
equilibrium.

Table 4. Meta-analysis of associations between the -460T/C and +405G/C polymorphisms and psoriasis
Variable (No. 
of studies)

bb vs. aa ab + bb vs. aa bb vs. aa + ab Allele b vs. Allele a ab vs. aa

OR (95% CI) Ph I2 (%) OR (95% CI) Ph I2 (%) OR (95% CI) Ph I2 (%) OR (95% CI) Ph I2 (%) OR (95% CI) Ph
I2 (%)

-460T/C

    Overall (6) 0.81 (0.60-1.11) 0.184 33.5 0.85 (0.71-1.02) 0.313 15.7 0.97 (0.74-1.27) 0.097 46.3 0.91 (0.80-1.04) 0.261 23.0 0.85 (0.70-1.03) 0.266 22.3

    Caucasian (3) 0.85 (0.45-1.59) 0.070 62.3 0.73 (0.55-0.97)# 0.371 0.0 1.09 (0.64-1.85) 0.077 61.1 0.91 (0.68-1.21) 0.089 58.7 0.68 (0.50-0.92)# 0.794 0.0

    Asian (3) 0.69 (0.42-1.14) 0.427 0.0 0.94 (0.74-1.20) 0.332 9.4 0.70 (0.43-1.14) 0.389 0.0 0.91 (0.76-1.10) 0.438 0.0 0.99 (0.77-1.26) 0.291 19.0

+405G/C

    Overall (9) 0.93 (0.67-1.28) 0.012 59.0 0.95 (0.78-1.15) 0.017 57.0 1.03 (0.88-1.20) 0.050 48.5 0.93 (0.81-1.06) 0.036 51.5 0.95 (0.79-1.15) 0.036 50.7

    Caucasian (4) 1.24 (0.60-2.56) 0.022 68.8 1.17 (0.94-1.46) 0.364 5.8 1.15 (0.56-2.37) 0.017 70.7 1.11 (0.94-1.31) 0.125 47.6 1.18 (0.93-1.48) 0.435 0.0

    Asian (5) 0.82 (0.57-1.18) 0.047 58.4 0.82 (0.63-1.08) 0.015 67.7 1.02 (0.86-1.22) 0.255 25.0 0.85 (0.77-0.93)# 0.502 0.0 0.83 (0.64-1.08) 0.036 61.1

HWE Yes (8) 0.98 (0.70-1.37) 0.017 58.9 0.93 (0.75-1.14) 0.013 60.8 1.07 (0.91-1.26) 0.151 34.7 0.93 (0.80-1.07) 0.021 57.4 0.95 (0.84-1.08) 0.061 48.2

No (1) 0.57 (0.28-1.17) NA NA 1.18 (0.77-1.81) NA NA 0.49 (0.25-0.97) NA NA 0.94 (0.68-1.30) NA NA 1.42 (0.90-2.25) NA NA
aa genotype: -460TT or +405GG; ab genotype: -460TC or +405GC; bb genotype: -460CC or +405CC; a genotype: -460T or +405G; b genotype: -460C or +405C;OR: Odds ratio; CI: Confidence interval; Ph: P-value of heterogeneity test; NA: Not 
applicable; HWE: Hardy-Weinberg equilibrium; #P< 0.05.
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Figure 2. Forest plot of the -460T/C polymorphism associated with psoriasis in Caucasians under (A) TC + CC vs. 
TT model and (B) TC vs. TT model, and the +405G/C polymorphism associated with psoriasis in Asians under (C) 
allele C vs. allele G model. Pooled odds ratios (ORs) and 95% confidence intervals (CIs) were derived from the fixed 
effects model.

Figure 3. Analysis of funnel plot asymmetry and publication bias for the as-
sociations between (A) the -460T/C polymorphism and psoriasis (TC + CC vs. 
TT; P = 0.771 for the overall analysis), and (B) the +405G/C polymorphism 
and psoriasis (allele C vs. allele G; P = 0.201 for the overall analysis).

-460T/C polymorphism (Table S2). However, no 
any association was observed in the subgroup 
analysis of the +405G/C polymorphism and 
psoriasis risk (Table S3).

Meta-analysis

A total of 111 potentially relevant articles that 
matched our predefined search strategy were 
identified. After removing duplicate publica-
tions and screening titles and abstracts, 21 
potential articles were obtained. By reviewing 

full texts of these articles, 13 
more were excluded, and ulti-
mately nine case-control arti-
cles including the present 
study (8 in English and 1 in 
Chinese) were included in the 
meta-analysis (Figure 1). 

Table 3 lists the main charac-
teristics of the included arti-
cles. For the -460T/C poly-
morphism, there were six 
studies with 946 cases and 
1125 controls. Three studies 
involved Caucasian subjects, 
and three involved Asian sub-
jects. For the +405G/C poly-
morphism, there were nine 
studies with 2527 cases and 
2597 controls. Four studies 
involved Caucasian subjects, 
and five involved Asian sub-
jects. Genotype distributions 
among controls of all the stud-
ies were in agreement with 
HWE (P> 0.05), with the 
exception of one +405G/C 
study [23]. 

There was no significant asso-
ciation between the -460T/C 
polymorphism and psoriasis 
under any of five genetic mod-
els. However, stratification by 
ethnicity revealed significant 
associations in Caucasians 
under the heterozygote (OR = 
0.68, 95% CI = 0.50-0.92, Ph 

= 0.794, I2 = 0.0%, fixed effects model) and 
dominant (OR = 0.73, 95% CI = 0.55-0.97, Ph = 
0.371, I2 = 0.0%, fixed effects model) models 
but not in Asians (Table 4 and Figure 2A and 
2B). Like the -460T/C polymorphism, we found 
no association between the +405G/C polymor-
phism and psoriasis under any of five genetic 
models. However, stratification by ethnicity indi-
cated a significant association in Asians under 
the allele model (OR = 0.85, 95% CI = 0.77-
0.93, Ph = 0.502, I2 = 0.0%, fixed effects model) 
but not in Caucasians (Table 4 and Figure 2C).
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Sensitivity analyses of the two polymorph- 
isms indicated the corresponding pooled OR 
was not altered by removing individual stu- 
dies one at a time, suggesting that the stu- 
dies used were statistically accurate (data not 
shown). No significant between-study hetero- 
geneity was observed during the meta-analy-
ses of the -460T/C polymorphism, but consid-
erable high between-study heterogeneity was 
found in the meta-analyses of the +405G/C 
polymorphism among all studies. However, the 
Begg’s funnel plot and Egger’s tests of the  
two polymorphisms showed no apparent evi-
dence of publication bias in all comparison 
models (Figure 3).

Discussion

VEGF plays a key role in the regulation of angio-
genesis and is involved in the pathogenesis  
of psoriasis [29]. Several case-control studies 
have indicated that some VEGF polymorph- 
isms, particularly the -460T/C and +405G/C 
polymorphisms, affect VEGF expression and 
protein levels [6-8], and that these polymor-
phisms are associated with psoriasis, while 
other reports found no such associations [16-
23]. The overall results of our case-control 
study as well as meta-analysis failed to de- 
tect any association between the -460T/C or 
+405G/C polymorphism and psoriasis (Tables 
2 and 4). However, the subgroup analysis re- 
sults of case-control study were not support- 
ed by meta-analysis. Our case-control study 
suggested that the -460T/C polymorphism  
was associated with decreased risk of psoria-
sis in male Han Chinese, whereas the meta-
analysis indicated that the -460T/C poly- 
morphism was significantly associated with 
decreased risk of psoriasis in Caucasians but 
not in Asians. Similarly, the present case-con-
trol study showed no association between the 
+405G/C polymorphism and psoriasis in a 
Chinese Han population. Conversely, the meta-
analysis revealed that the +405G/C polymor-
phism conferred decreased risk to psoriasis in 
Asians but not inCaucasians. 

To date, there are only six case-control studies 
of the -460T/C polymorphism in psoriasis [16-
20] and only three from Asians including the 
present study [18, 19]. Our case-control study 
was consistent with the other two reports from 
Asian [China [18] and Thailand [19]] and one 
report from European (UK) [16] that there were 

no significant differences in genotype frequen-
cies of the -460T/C polymorphism as compared 
all psoriasis patients with controls. Our case-
control study did not confirm the UK report [16] 
that the -460T/C polymorphism was associated 
with early onset psoriasis, but showed 
decreased risk of psoriasis in male Han Chinese 
patients when subgroup analysis by gender. 
However, more data on male Han Chinese are 
needed to clarify if the association between the 
-460T/C polymorphism and psoriasis risk can 
be influenced by gender. In our study, the minor 
allele frequency of the -460T/C polymorphism 
was 26.8% in cases group and 30.7% in healthy 
group, close to the level of 27.8% in an Asian 
population [19]. The C allele associated with 
the -460T/C polymorphism increases promoter 
activity by 70% compared with the T allele, and 
it is associated with higher levels of VEGF pro-
tein [30-32]. These findings are in line with the 
idea that the less frequent C allele in patients 
with psoriasis might reduce VEGF-mediated 
angiogenesis in psoriasis tissues by affecting 
VEGF expression. Currently, only two case-con-
trol studies in Italy [17] and Poland [20] 
Caucasians reported that the -460T/C polymor-
phism was associated with susceptibility to 
psoriasis, although such association was con-
firmed for the Caucasians subgroup by our 
meta-analysis.Studies based on more ethnic 
populations are needed to determine these 
results.

Two case-control studies in a Chinese Han pop-
ulation have shown that the +405G/C polymor-
phism was associated with psoriasis [18, 21]. 
However, our case-control studydid not observe 
that correlation in either overall analysis or sub-
group analysis by gender, age of onset, and 
family history, which was similar with another 
report in China that there is to date the largest 
number of cases and controls exploring asso-
ciation of the +405G/C polymorphism with pso-
riasis [22]. The inconsistent findings might be 
due to the relatively small sample size in these 
studies including our study. We performed a 
meta-analysis of nine studies (including the 
present study) with 2527 cases and 2597 con-
trols. We found no association between the 
+405G/C polymorphism and psoriasis for the 
overall analysis, but a significant association in 
a Chinese Han population (data not shown) and 
Asians under allele model. Notably, despite 
there was no heterogeneity associated with 
this result, we observed a significant amount of 
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high between-study heterogeneity with other 
results among overall analysis and subgroup 
analysis. We used sensitivity analysis and 
meta-regression to identify the source of this 
heterogeneity, but ethnicity, HWE, and study 
identification failed to explain it. We speculate 
that heterogeneity may be resulted from  
different gene background, study designs or 
genotype misclassifications. For example, eligi-
ble studies in our meta-analysis used different 
genotyping methods, which may have also af- 
fected the results. Thus, additional studies are 
required to characterize associations between 
the +405G/C polymorphism and psoriasis.

Some limitations should be considered when 
interpreting the findings of our case-control 
study in a Han Chinese population. Firstly, all 
study subjects enrolled from hospitals may not 
represent the general population, although the 
genotype distribution of the cases and controls 
was consistent with HWE. Secondly, the sample 
size of the present study was relatively small, 
particularly for stratified analyses. Thirdly, we 
focused on only two polymorphisms in VEGF 
gene, and did not sequence the entire VEGF 
gene, so we cannot exclude the possibility that 
other polymorphisms or haplotypes in this gene 
might be also implicated in the development of 
psoriasis. For example, a case-control study 
showed that the VEGF CTG (-2578/-460/+405) 
haplotype is associated with genetic suscepti-
bility to psoriasis (especially in the early-onset 
group), while these individual polymorphisms 
were not associated with the disease [19].

To our knowledge, this is the most compre- 
hensive meta-analysis investigating the gene- 
tic susceptibility of the -460T/C and +405G/C 
polymorphisms to psoriasis so far, and our 
results were consistent with a more recent 
meta-analysis published in 2015 by Lee et al. 
[24]. Nevertheless, there were several limita-
tions of our meta-analysis. Firstly, there were 
small sample sizes and relatively few eligible 
studies for the meta-analysis, especially con-
cerning the -460T/C polymorphism, which 
might restrict the power to identify a real influ-
ence or generate a fluctuated assessment.
Secondly, as discussed above, there was obvi-
ous heterogeneity in the estimation of associa-
tion between the +405G/C polymorphism and 
psoriasis. This heterogeneity may have mask- 
ed significant associations. Thirdly, we did not 
stratify the data by other factors, such as age, 

gender, family history, or age at psoriasis onset; 
indeed this was not possible because the 
included studies lacked the relevant data.

In conclusion, our case-control study revealed 
that the -460T/C polymorphism was associated 
with decreased risk of psoriasis in male Han 
Chinses, and no any association between the 
+405G/C polymorphism and psoriasis risk in a 
Chinese Han population. However, these asso-
ciations were not supported by meta-analysis. 
Given the aforementioned limitations, addition-
al well-designed, prospective, large-scale stud-
ies are needed.
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Table S1. The sequences of the primers and probes used to genotype the -460T/C and +405G/C 
polymorphisms
Name Sequence (5’-3’)
Primers
    -460T/C TTGGAATCCTGGAGTGACCCAGTGAGGACGTGTGTGTCTG
    +405G/C TCCGGCGGTCACCCCCAAAAAAGAGAGAGACGGGGTCAGA
Probes
    -460T/C-modify P-CCCTCAACCCCACACGCACACACTCTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-FAM
    -460T/C-T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGGCCTTCTCCCCGCTCCAACA
    -460T/C-C TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGGCCTTCTCCCCGCTCCAACG
    +405G/C-modify P-CTTTCGCTGCTCGCACGCCCGCGCGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-FAM
    +405G/C-G TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGCAGGTCACTCACTTTGCCCCTGTCC
    +405G/C-C TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTGCAGGTCACTCACTTTGCCCCTGTCG
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Table S2. Stratified analysis of the -460T/C polymorphism and psoriasis risk by using select variables
Case/control*, OR (95% IC)†, P-value†

TC CC TC+CC C allele
Gender
    Female 35/28 1.65 (0.84-3.26) 0.149 6/7 1.13 (0.35-3.68) 0.844 41/35 1.54 (0.81-2.94) 0.189 47/42 1.27 (0.77-2.08) 0.350
    Male 66/89 0.60 (0.39-0.93) 0.022# 10/14 0.58 (0.25-1.39) 0.224 76/103 0.59 (0.39-0.91) 0.016# 86/117 0.70 (0.50-0.97) 0.031#

Onset (years)
    Early (≤ 40) 85/97 0.82 (0.55-1.21) 0.318 12/18 0.64 (0.29-1.39) 0.256 97/115 0.78 (0.54-1.15) 0.210 109/133 0.81 (0.60-1.09) 0.161
    Late (> 40) 16/20 0.79 (0.31-2.03) 0.626 4/3 0.93 (0.15-5.68) 0.941 20/23 0.85 (0.34-2.09) 0.716 24/26 0.95 (0.48-1.89) 0.889
Family history
    Yes 19/22 0.69 (0.27-1.77) 0.445 2/3 0.66 (0.08-5.21) 0.695 21/25 0.69 (0.27-1.72) 0.423 23/28 0.78 (0.39-1.56) 0.488
    No 82/95 0.81 (0.54-1.21) 0.297 14/18 0.74 (0.35-1.56) 0.427 96/113 0.80 (0.54-1.17) 0.240 110/131 0.84 (0.62-1.13) 0.238
*The number of control subjects among age of onset and family history, which were frequency-matched to the cases by age (± 3 years) and gender.†Data were calculated by uncon-
ditional logistic regression with adjustment for age, gender. #P< 0.05.

Table S3. Stratified analysis of the +405G/C polymorphism and psoriasis risk by using select variables
Case/control*, OR (95% IC)†, P-value†

GC CC GC+CC C allele
Gender
    Female 31/29 1.10 (0.55-2.21) 0.779 8/13 0.63 (0.23-1.72) 0.369 39/42 0.96 (0.50-1.82) 0.889 47/55 0.85 (0.53-1.38) 0.519
    Male 79/80 1.07 (0.68-1.68) 0.777 28/28 1.04 (0.56-1.95) 0.902 107/108 1.07 (0.70-1.63) 0.766 135/136 1.04 (0.77-1.41) 0.797
Onset (years)
    Early (≤ 40) 95/92 1.20 (0.79-1.82) 0.387 34/34 1.15 (0.65-2.01) 0.639 129/126 1.18 (0.80-1.74) 0.398 163/160 1.10 (0.84-1.46) 0.487
    Late (> 40) 15/17 0.65 (0.24-1.70) 0.376 2/7 0.19 (0.03-1.21) 0.079 17/24 0.53 (0.21-1.33) 0.178 19/31 0.53 (0.26-1.07) 0.075
Family history
    Yes 22/19 1.69 (0.63-4.50) 0.297 5/3 2.08 (0.37-11.70) 0.957 27/22 1.73 (0.68-4.42) 0.250 32/25 0.74 (0.35-2.88) 0.277
    No 88/90 1.00 (0.66-1.52) 0.989 31/38 0.81 (0.46-1.43) 0.472 119/128 0.95 (0.64-1.40) 0.789 150/166 0.92 (0.70-1.22) 0.568
*The number of control subjects among age of onset and family history, which were frequency-matched to the cases by age (± 3 years) and gender. †Data were calculate.


