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Background: Cutaneous squamous cell carcinoma (cSCC) is the second most common type of non-melanoma skin can-
cer (NMSC) globally. The aims of this study were to further systematically clarify the potential association of
rs833061 (-460 C>T) and rs1570360 (-1154 G>A), two SNPs of VEGF, with the risk of ¢SCC and the prognostic
impacts on ¢SCC patients.

Material/Methods: This hospital-based case-control study analyzed peripheral venous blood collected from 100 c¢SCC patients and
124 healthy controls, and gathered personal information on patients. Genotypes of the VEGF gene -460C>T
and -1154G>A polymorphism were detected using polymerase chain reaction (PCR)-restriction fragment length
polymorphism (RFLP) method. Different distributions of allele frequencies and genotype in the case and con-
trol group were measured, comparing different genotype differences in the survival of patients with cSCC.

Results: Distributions of allele frequencies and genotype of -460 C>T in the case and control group were statistical-
ly different; the TT + CT genotype was significantly correlated with a decrease risk of cSCC (OR=0.36, 95%
C1=0.21-0.63, P<0.001). There was no difference in the distribution of allele frequencies and genotype of -1154
G>A between control and case groups. For -1154460C>T, the CC genotype was an adverse factor, associated
with a significant decrease in the survival status of ¢SCC patients (P<0.001). For VEGF-1154 G>A, the AA gen-
otype was significantly correlated with the reduced overall survival in ¢SCC patients, with the mean survival
time of 23.88 months (P=0.009).

Conclusions: The VEGF gene -460 C>T polymorphism and -1154 G>A polymorphism may serve as potential genetic markers
for the risk and prognosis of ¢SCC.
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Background

Cutaneous squamous cell carcinoma (cSCC) is the second most
common type of non-melanoma skin cancer (NMSC) globally,
with a constantly increasing incidence [1,2]. The known risk
factors for ¢SCC include aging, fair complexion, homosexual in-
tercourse, chronic skin ulcers, burn scars, immune suppression,
and exposure to ultraviolet light and chemical carcinogens [3].
The vast majority of cSCCs are curable with simple surgical re-
section, and prognosis is usually favorable [4]. However, ap-
proximately 4% of the patients develop metastatic disease and
1.5% eventually die from the disease [5]. Metastatic cSCCs pres-
ent serious therapeutic problems due to lack of consistently
effective treatments [6]. There are few treatments for patients
with advanced ¢SCCs, primarily due to the lack of knowledge
regarding genomic alternations that induce metastatic cSCC.
Furthermore, there are no specific molecular biomarkers pre-
dict treatment response or disease behavior [4]. Therefore, it is
important to identify specific molecules involved in metastat-
ic ¢SCC that can potentially become targets for diagnosis and
enable the development of new therapy strategies.

Angiogenesis, the formation of new blood vessels from pre-ex-
isting vasculature, plays a key role in tumor development, inva-
sion, and metastases formation [7,8]. Angiogenesis is a compli-
cated process stimulated by a variety of factors, among which
vascular endothelial growth factor (VEGF) is crucial [9]. VEGF
is one of the most potent endothelial cell growth factors; it
promotes formation of new blood vessels and stimulates vas-
cular permeability of endothelial cells [10]. VEGF initiates in-
tracellular signal transduction pathways by specifically bind-
ing 2 transmembrane VEGF receptors on endothelial cells [11].
While initiating intracellular signal transduction pathways,
VEGF supplies the newly formed blood vessels with nutrients
and oxygen. This induces aggressive local growth and metas-
tases formation, resulting in poor prognosis and low survival
rates of cancer patients [12].

The VEGF gene is located at chromosome 6p21.3 and consists
of 8 exons and 7 introns. It is very polymorphic, with at least
30 functional single-nucleotide polymorphisms (SNPs) in the
5’-untranslated region, 3’-untranslated region (UTR) and pro-
moter [13]. Single-nucleotide polymorphisms (SNPs) of VEGF
that can be found in the promoter or other regulatory regions
may regulate VEGF expression or activity [14]. The involvement
of VEGF polymorphisms in cancer progression has been dem-
onstrated in several types of tumors [15-18]. VEGF polymor-
phisms have previously been described in solid carcinomas,
containing lung cancer [7,19], non-Hodgkin’s lymphoma [20],
cervical cancer [21], colorectal cancer [22], esophageal squa-
mous cell carcinoma (ESCC) [10, 23], and oral squamous cell
carcinoma (0SCC) [9,24-26]. The impact of the VEGF SNPs on
clinical outcomes of patients with cancer has been previously
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described [7,12,26,27]. However, the impact of VEGF poly-
morphism during follow-up has been much less studied. The
-1154460C>T SNP (rs833061) and -1154G>A SNP (rs1570360)
are located at the promoter region and may regulate promot-
er activity. The association of these 2 functional SNPs with
OSCC risk has been previously studied [9,12]. However, the ef-
fect of VEGF gene -460C>T SNP (rs833061) and -1154G>A SNP
(rs1570360) on ¢SCC risk and prognosis remains unclear [28,29].

In the current study, the -460C>T SNP (rs833061) and -1154G>A
SNP (rs1570360) within the VEGF gene were detected in cSCC
patients; a regular follow-up was conducted for all the patients.
This study aimed to further clarify the potential association of
these 2 SNPs with the ¢SCC risk and to evaluate the prognos-
tic impact of VEGF-related SNPs on ¢SCC patients.

Material and Methods

Study population

This study consisted of 100 patients with ¢SCC. They were
treated in the department of Surgery at Shandong Provincial
Hospital Affiliated to Shandong University between 2010 and
2014; the group included 55 men and 45 women. The ages of
patients ranged from 34 to 76 years old, with the average age
of 56.04+10.41 years old. No patients underwent radiotherapy,
chemotherapy, or hormone therapy before surgery. The control
group contained 124 healthy subjects who came from our hospi-
tal's physical checkup center during the same period of time. All
control subjects had no history of blood system disease or cancer.
Written permission was obtained from all the participants and
the study was approved by the Research Ethics Committee of
Shandong Provincial Hospital Affiliated to Shandong University.

DNA extraction

Peripheral venous blood samples (5 mL) were acquired from
all the participants and stored at —20°C until the extraction of
genomic DNA. Genomic DNA was isolated with the QlAamp
DNA mini kit (Qiagen, Hamburg Germany) according to the
manufacturer’s protocol. The extracted DNA was stored at
-80°C for further use.

Detection of VEGF gene polymorphism

Genotyping of the VEGF gene -460C>T and -1154G>A polymor-
phisms were detected using PCR — RFLP method. The primers of
-1154460C>T were 5’-CGAGAGTGAGGACGTGTGTG-3’(forward)
and 5’-ATTGGAATCCTGGAGTGACC-3’(reverse); the primers for
-11541154G>A were 5’-TCCTGCTCCCTCCTCGCCAATG-3’(forward)
and 5-GGCGGGGACAGGCGAGCATC-3’(reverse), purchased from
Sangon Biotech (Shanghai, China). The PCR reaction was performed
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Table 1. Characteristics of patients with CSCC and control group.
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Characteristics CSCC (n=100)

Age (years old), n (%)

Mean +SD 56.04+10.41
"""" >0 54 (5400%)
"""" w0 46 (4600%)
Cseon®)
"""" Male 55 (55.00%)
"""" Female 45 (4500%)
Histopathological grade,n (%)
"""" Well-differentiated 26 (26.00%)
"""" Moderately-differentiated 34 (34.00%)
"""" Poorly-differentiated 40 (40.00%)
_ lymph node involvement,n %)
"""" Y 35 (35.00%)
"""" N 65 (6500%)

P-value

Controls (n=124)

53.79+11.89 0.138
65 (52.42%)
59 (47.58%)
66 (53.23%) 0.836

CSCC - cutaneous squamous cell carcinoma; SD — standard deviation.

in a 20-pl reaction mixture containing 40-160 ng DNA template,
0.25 units Tag DNA polymerase (Sangon Biotech), 250 uM each
deoxyribonucleotide triphosphate (dNTP) (Sangon Biotech), 0.5
pM forward primer, 0.5 pM reverse primer, and 1xPCR buffer
with 1.2 mM MgCL,. A negative control without DNA template
was used to evaluate contamination. The PCR reaction was car-
ried out in a thermocycler (M) Research, USA) and reaction con-
ditions consisted of 94 °C pre-denaturizing for 5 min, 94°C dena-
turizing for 45 s, 61°C annealing for 45 s, 72°C extension for 45
s, and 72°C continuous extension for 7 min after 35 cycles. The
amplified products were digested with Bshl2361 and Mnll restric-
tion endonuclease (Takara, Japan) incubated at 37°C for 16 h. The
PCR and digestion products were analyzed with 3% agarose gels.

Follow-up

Follow-up files were created for all the cSCC patients upon ad-
mission, including complete pathological, clinical, and follow-
up data. A regular follow-up of 2~5 years for 100 patients was
performed by hospital visit, treatment, and telephone inter-
view. Follow-up start time was defined as the discharge time
of patients after system treatment and the follow-up dead-
line was January 2015. Follow-up time was counted monthly
until death or the end of the follow-up time.

Statistical analysis
All statistical analyses in this study were performed by SPSS

19.0 software packages. Differences between ages were ana-
lyzed with unpaired t-tests. Counted data were analyzed with

the chi-square test. Hardy-Weinberg equilibrium (HWE) was cal-
culated with Hardy-Weinberg equilibrium theory (p=allele fre-
quency, g=1-p, p*+g*=1). The different distributions of allele
frequencies and genotypes in the case and control group were
analyzed using the chi-square test. Logistic regression analysis
was used to calculate the odds ratios (ORs) and 95% confidence
intervals (Cls). Kaplan-Meier method was used to plot survival
curves and the statistical differences were analyzed with the log-
rank test. P value <0.05 was defined as statistically significant.

Results

General research characteristics

The patient group consisted of 100 cSCC cases. There were
55 men and 45 women in the patient group; 46 patients were
under 60 years old and 54 patients were 60 years old or old-
er (average age: 56.04+10.41 years old; range: 34-76 years
old). There were 40 poorly-differentiated cases (the percent-
age of differentiated cells <50%), 34 moderately-differentiat-
ed cases (the differentiated cells between 50- 75%), and 26
well-differentiated cases (the differentiated cells >75%), ac-
cording to Broders classification [30]. Thirty-five cases with
lymph node involvement and 65 cases without lymph node
involvement were identified. The control group contained 124
healthy subjects attending the hospital physical checkup cen-
ter during the same period. There were 66 males and 58 fe-
males in the control group; 59 subjects were under 60 years
old and 65 patients were 60 years old or older (average age:
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100 bp

Figure 1. VEGF-460C>T genotyping by PCR-RFLP
analysis followed by separation on 3%
agarose gel as described in text.

M - 100 bp DNA marker; lanes 1, 5
and 8 — T/T homozygous genotype;
lanes 2, 4 and 9 — C>T heterozygous
genotype; lanes 3, 6 and 7 - C/C
175bp homozygous genotype; lane 10 — PCR
155 bp product.

Figure 2. VEGF-1154G>A genotyping by PCR-
RFLP analysis followed by separation
on 3% agarose gel as described in
text. M — 100 bp DNA marker; lanes
1, 3,4, 6 and 9 — G/G homozygous
genotype; lanes 2 and 8 — G>A

206 bp heterozygous genotype; lanes 5 and 7

}gg EB — A/A homozygous genotype; lane 10:

PCR product.

53.79+11.89 years; range: 30-78 years). Age and sex in the two
groups showed no significant differences (P>0.05) (Table 1).

Genotyping of the VEGF gene -460C>T and -1154G>A
polymorphisms

Genotypes of the VEGF-460C>T and -1154G>A were successful-
ly detected in all the DNA samples using the PCR-RFLP method.
The 175-bp PCR product of VEGF-460C>T was digested with
Bshl236l restriction endonuclease. The homozygous T/T geno-
type remained uncut at 175bp; the homozygous C/C genotype
was completely digested into 155 bp and 20 bp fragments; 175
bp, 155 bp, and 20 bp fragments corresponded to the hetero-
zygous C>T genotype (Figure 1). The 206-bp PCR product of
VEGF-1154G>A was digested with Mnll restriction endonucle-
ase and the G allele was replaced by the A allele with a loss
of digestion site. The homozygous A/A genotype was digest-
ed into 184bp and 22bp fragments; the homozygous G/G gen-
otype was completely digested into 150 bp, 34 bp and 22 bp
fragments; all 4 fragments (184 bp, 150 bp, 34bp, and 22 bp)
corresponded to the heterozygous G>A genotype (Figure 2).

The association between clinicopathological characteristics
and VEGF polymorphism

The distribution of the VEGF-460C>T SNP genotype in patients
is presented in Table 2. The genotype frequencies of CC, CT,

and TT in the well-differentiated group was 46.15%, 38.46%,
and 15.38%, respectively; in the moderately-differentiated
group, the genotype frequencies of CC and CT were 44.11%
and 55.89%, respectively; the genotype frequencies of CC and
CT were 95.00% and 5.00%, respectively, in the poorly-differ-
entiated group. There were hardly any carriers of homozy-
gote TT in either moderately- or poorly-differentiated grades.
Differences between the 3 groups were significant (P<0.001).
The genotype distribution of VEGF-1154 G>A was also asso-
ciated with histological differentiation of ¢SCC (P<0.001). The
genotype frequencies of GG in the well-differentiated group,
the moderately-differentiated group, and the poorly-differen-
tiated group were 96.15%, 47.06%, and 25.00%, respective-
ly; the genotype frequencies of GA in the well-differentiated
group, the moderately-differentiated group, and the poorly-
differentiated group were 4.00%, 47.06%, and 60.00%, respec-
tively. The genotype distribution of VEGF-460C>T and VEGF-
1154 G>A showed no significant correlation with age, sex, or
lymph node metastasis (all P>0.05) (Table 2).

The genotype and allele distribution of VEGF-460C>T and
-1154G>A SNP

The VEGF-460C>T and -1154G>A genotype and allele distribu-
tion of the c¢SCC patients and of the control group are presented
in Table 3. The genotype distribution of the VEGF-460C>T and
-1154G>A polymorphism did not deviate from Hardy-Weinberg
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Table 2. Correlations between clinicopathological characteristics and VEGF polymorphisms.

-460C>T

Characteristics

-1154G>A

Age (years)

>60 54 34 18
"""" €0 4 31 13
Csex
"""" Mae 55 35 18
"""" Female 45 30 13

Well-differentiated 26 12 10
Moderately-differentiated 34 15 19
Poorly-differentiated 40 38 2

0.858 0.128
""" 2 a2 2
2 27 16 6
""""""""""" 0’8 o014
""" 2 3 1 3
2 18 2 5
- wo1 0001
""" s+ 235 1 o
""" o 1 1 2
""" o 10 24 &
""""""""""" o606 o014
12 ou 2
N S

equilibrium (P>0.05). The CT and CC genotype frequencies of
VEGF-460C>T in the control group were 50.81% and 41.13%,
which were significantly different from those in the patient
group (31.00% and 65.00%, respectively) (CT vs. CC, OR=0.39,
95%Cl: 0.22-0.68, P=0.001). Compared to the CC genotype,
the TT+CT genotype significantly decreased the risk of ¢SCC
(OR=0.36, 95% Cl: 0.21-0.63, P<0.001). The C allele frequen-
cies in the control group and patient group were 66.53% and
80.50%, respectively; while the T allele frequencies in the con-
trol group and patient group were 33.47% and 19.50%, respec-
tively; the differences in the 2 groups were statistically signif-
icant (T vs. C, OR=0.48, 95%Cl: 0.31-0.75, P=001). Comparing
the genotype distributions of the VEGF gene -1154 G>A poly-
morphism in ¢SCC patients to that in the controls revealed no
significant differences (P>0.05) and the differences in allele
frequencies were also not statistically significant.

VEGF gene -460C>T and -1154G>A polymorphism and the
prognosis of ¢SCC

A systematic follow-up of 2~5 years for 100 cSCC patients was
performed. The follow-up deadline was January 2015; the lon-
gest follow-up time was 60 months and the shortest follow-up
time was 24 months. Eleven patients were lost during the fol-
low-up period; the follow-up rate was 89%. For VEGF-460C>T
SNP, the mean survival time of ¢SCC patients with CC, CT, and
TT genotype were 28.92, 53.54, and 58.75 months, respective-
ly. The CC genotype was an adverse factor that negatively af-
fected the survival time of cSCC patients when compared with
heterozygote CT and homozygote TT (P<0.001, Figure 3). For
VEGF-1154 G>A SNP, the mean survival time of ¢SCC patients

with GG, GA, and AA genotypes were 41.19, 36.41, and 23.88
months, respectively; compared to the GG and GA genotypes,
the AA genotype had a significant correlation with decreased
overall survival time (P=0.009, Figure 4).

Discussion

Angiogenesis is an important process for tumor develop-
ment, invasion, and metastasis; it is stimulated by a variety
of factors. VEGF is considered to be one of the key factors in-
volved [7,8]. Recently, several VEGF SNPs have been identi-
fied and their important effects have attracted considerable
attention. Correlation between VEGF SNPs and susceptibility
or prognosis in various forms of cancers has been reported in
many studies [7,10,25,31]. In the present study, the -460 C>T
and -1154 G>A polymorphisms of VEGF in 100 ¢SCC patients
and 124 healthy subjects were observed. In order to analyze
the relation of VEGF gene polymorphisms with ¢SCC risk, the
patients were stratified by age, sex, histopathological grade,
and lymph node involvement. The results demonstrate that
the genotype distribution of VEGF-460 C>T shows no corre-
lation with age, sex, or lymph node metastasis (all P>0.05),
but there was association with histological differentiation of
¢SCC (P<0.001). A significant difference was found between
the genotype distribution and allele frequency of the VEGF
gene -460 C>T polymorphism of the control group and that of
the patients with ¢SCC. Furthermore, a higher percentage of
the T allele and the TT homozygote were distributed in ¢SCC
patients compared to the controls. Therefore, we can reason
that there was a much lower ¢SCC risk for individuals with the
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Figure 3. Kaplan-Meier curves of VEGF-460 C>T, compared by
the log-rank test.

Figure 4. Kaplan-Meier curves of VEGF-1154 G>A, compared by
the log-rank test.

Table 3. VEGF genotype and allele frequency in patients with ¢cSCC (n=100) and control (n=124).

Controls (n=124) Patients (n=100) P-value* OR (95% CI) P-value*
-1154460 C>T
"""" c«c 51 @L13%) 65 (6500%9 - 100 (reference) -
"""" T 63 (5081% 31 (31.00% 0001 039 (022-068) 0043
T 10 (806%) 4 (400%) 0052 031 (0.09-106) | 0715
ot 73 (5887%) 35 (3500%) 0001 036 (021-063) 0001
CMllele frequency
"""" c 165 (6653%) 161 (8050%) - 100 (reference) -
T 83 (3347%) 39 (1950%) 0001 048 (031-0.75) - -
CA1541158G5A
"""" GG 54 (4355%) 51 (51.00% - 100 (reference) -
"""" GA 58 (4677% 41 (41.00%) 0305 075 (043-130) 0247
Y 12 (68%) 8 (800% 0482 071 (027-187) 1 0654
"""" GAAA 70 (5645%) 49 (49.00%) 0267 074 (044-126) 0155
CAlele frequency
"""" G 166 (6694% 143 (7150%) - 100 (reference) -
A 82 (33.06%) 57 (2850%) | 0209 081 (054-121) - -

VEGF - vascular endothelial growth factor; OR — odds ratio; Cl — confidence interval. * Two-sided y?test for distribution of genotypic
and allelic frequencies. ¥ Compared by binary logistic multivariate regression model with adjustment of sex and age for cases and
controls.

CT heterozygote genotype in their VEGF-460 C>T region, in-
dicating that the VEGF-460 C>T polymorphism could act as a
candidate genetic biomarker in cSCC patients. The association
of the VEGF-460 C>T polymorphism with clinical outcomes in
¢SCC patients has not been evaluated. However, there were

several studies concerning VEGF-460 C>T polymorphism in
other cancers. For example, Ku et al. indicated that the T al-
lele and TT genotype of VEGF-460 C>T are significantly asso-
ciated with OSCC [32]. Borase et al. demonstrated that the T
allele and TT genotype of VEGF-460 C>T can greatly increase
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the risk for OSCC patients [26]. In the analysis of a correlation
between clinical characteristics and the VEGF gene -1154 G>A
polymorphism, the results demonstrate that the genotype dis-
tribution of VEGF-1154 G>A shows no relation with age, sex,
or lymph node metastasis (all P>0.05), but there was an as-
sociation with histological differentiation of ¢SCC (P<0.001).
The decreased frequency of the VEGF-1154 A allele (AA and
GA genotypes) in ¢SCC patients did not differ significantly from
that of the control. In a previous study, Kimmerer et al. dem-
onstrated that the genotype distribution of VEGF-1154 G>A in
0SCC patients and controls had no significant difference [9].
Unal et al. examined 89 healthy subjects and 57 patients with
laryngeal squamous cell carcinoma; they found that the -1154
GG genotype of VEGF appears to be a higher risk for larynge-
al SCC patients [33].

Prognostic factors play an essential role when come to divid-
ing patients into different risk groups in order to predict out-
comes and provide adequate therapy strategies [34]. In the
current study, the relationship between VEGF gene -460 C>T
polymorphism, -1154 G>A polymorphism, and the survival of
patients with cSCC was examined for the first time. The results
demonstrate that the TT genotype of -460 C>T is a protective
factor in comparison to genotypes of CT and CC, positively af-
fecting the survival time of ¢SCC patients (P<0.001). The AA
genotype of -1154 G>A has a significant correlation with the
decreased overall survival time in ¢SCC patients when com-
pared with homozygote GG and heterozygote GA (P=0.009).

The association of VEGF gene polymorphism with survival was
controversial in previous studies. Kimmerer et al. observed that
the VEGF-460 C>T SNP had no significant impact on survival in
advanced OSCCs, while the -1154 AA genotype was associated
with significantly worse survival in the univariate analysis [12].
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In contrast, Supic et al. found that the -1154 GG genotype may
be a prognostic marker associated with significantly worse sur-
vival in advanced-stage OSCC patients with a similar sample
size [8]. Other studies revealed the -1154 GG genotype to be
an adverse survival factor in colorectal cancer [35], but it was
associated with a higher overall survival of the 1154 A allele
in advanced breast cancer [36]. To sum up, results of clinical
studies are inconsistent, possibly due to differences in ethnic
groups studied, tumor locations, and sample sizes.

In this study, only 2 SNPs in the promoter were analyzed, which
might be a limiting factor. The results of 1 specific SNP may
be influenced by the other SNPs in the angiogenesis pathway.
In addition, the sample sizes of the present study are some-
what small, even though similar studies were previously per-
formed [26,33]. Hence, more studies, including larger sample
sizes and more SNPs, distributed not only in the promoter but
also in the 5" and 3’ un-translated region, should be conducted.

Conclusions

Our data suggest that the VEGF gene -460 C>T polymorphism is
related to the risk of cSCC, and both VEGF gene -460 C>T poly-
morphism and -1154 G>A polymorphism are correlated with
the prognosis of ¢SCC patients. Therefore, the VEGF gene -460
C>T polymorphism and -1154 G>A polymorphism may serve as
a potential genetic marker for the risk and prognosis of ¢SCC.
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