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Abstract. Single nucleotide polymorphisms (SNPs) of 
vascular endothelial growth factor receptor (VEGFR) may 
have effects on the MAPK/ERK/STAT3 signaling pathway, 
and the resulting phenotypes may influence the response to 
sunitinib-targeted therapy for renal cell carcinoma. In order 
to test this hypothesis patients with advanced renal cell 
carcinoma treated with sunitinib, were enrolled in our study. 
Peripheral blood samples were used to run a polymerase 
chain reaction-restriction fragment length polymorphism 
protocol to type candidate nucleotide polymorphism loci 
(VEGFR1, VEGFR2 and VEGFR3). The samples were also 
used in western blots to determine p-MAPK/ERK/STAT3 
protein expression levels. The clinical responses to treatment 
were recorded and then a logistic regression method was 
applied to analyze the correlation between polymorphism of 
loci and effectiveness of sunitinib therapy. According to a 
follow-up visit (on average after 15 months of treatment) there 
were 16 complete responses (CR), 29 partial responses (PR) 
and 23 stable disease (SD) and progression of disease (PD) 
cases. Tests were carried out for 5 SNPs: VEGFR1 (rs664393), 
VEGFR2 (rsl870377 and rs7667298) and VEGFR3 (rs448012 
and rs72816988). Mutation rates of rsl870377 and rs448012 
loci in the CR+PR group were lower than those in the SD+PD 
group. No such differences were found for the other 3 loci. 
Relative expression levels of p-MAPk, p-ERK and p-STAT3 

in the CR+PR group were significantly lower than those in the 
SD+PD group (P<0.05). The median progression-free survival 
and overall survival (OS) in the CR+PR group were higher 
than those in the SD+PD group (P<0.001). The median OS 
of the TT rsl870377 genotype was higher than that of the AA 
genotype, and the median OS of the GG rs448012 genotype 
was higher than that of the CC genotype (P<0.001). It was 
concluded through a logistic regression model that rsl870377 
(AA) and rs448012 (GG) are independent risk factors closely 
associated with the effectiveness of sunitinib-targeted therapy 
on renal cell carcinoma. VEGFR SNPs are able to mediate the 
MAPK/ERK/STAT3 signaling pathway and therefore influ-
ence the effectiveness of sunitinib-targeted therapy, which 
makes them possible new therapeutic targets.

Introduction

Renal cell carcinoma is one of the most common malignant 
tumors of the urinary system. Its global incidence rate has been 
increasing steadily every year and ~20-30% of patients cannot 
be treated with radical operation because they have distant 
metastases at the time of diagnosis (1). Renal cell carcinoma 
is known for being insensitive to chemo- and radiotherapy. 
Sunitinib (sunitinib malate) targeted therapy, represented 
by multi-target tyrosine kinase inhibitors, has good clinical 
effects on treating advanced renal cell carcinoma and has been 
applied as a first‑line treatment drug (2). However, previous 
findings showed the effective rate to be only 60‑75%, leaving 
many patients to undergo ineffective treatment with added 
secondary adverse reactions (3). A study has found that 
individual single nucleotide polymorphisms (SNPs) can influ-
ence signaling pathways such as MAPK/ERK/STAT3 and 
determine whether sunitinib therapy will be effective against 
renal cell carcinoma (4). The tumor in renal cell carcinoma 
is generally highly vascular and notably expresses vascular 
endothelial growth factors (VEGFs) and their receptors (5).

The present study focused on specific SNPs, namely 
VEGFR1, VEGFR2 and VEGFR3, which hypothetically have 
an impact on the MAPK/ERK/STAT3 signaling pathways and 
influence sunitinib renal cell carcinoma treatment, with the 
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hope of contributing to a better understanding of the patho-
genesis of the cancer and allow for more effective treatment 
adjustments.

Subjects and methods

Patients and methods. A total of 68 patients treated for advanced 
renal cell carcinoma in our hospital from January, 2014 to 
July, 2015 participated in the present study. The following 
cases were excluded: Patients with kidney failure, history of 
surgical and chemoradiotherapy treatments, additional malig-
nant tumors, severe condition, predicted survival <12 months, 
sunitinib course of <3 months, and incomplete data. The 
Ethics Committee of the First People's Hospital of Yunnan 
Province approved the study and the patients signed informed 
consent. There were 40 male and 28 female cases, aged 
between 46 and 72 years (with an average of 62.3±14.5 years); 
the disease had been present for 1-5 months (with an average 
of 2.3±1.2 months); the Karnofski performance status scoring 
ranged from 62 to 86 points (74.5±8.9 points in average); 
and metastases were present in the following organs: 23 lung 
metastases, 19 lymphatic metastases, 10 osseous metastases, 
10 hepatic and adrenal metastases and 6 other metastases.

The dosage plan of sunitinib for each patient was 50 mg/day 
taken orally for 4 weeks, drug withdrawal for 2 weeks, and 
then restarting the cycle for ≥3 months.

Assessment of response to therapy. The RECIST 1.0 standard 
was used to evaluate the tumor lesions, dividing radiological 
results into: Complete response (CR), partial response (PR), 
stable disease (SD) and progression of disease (PD) and evalu-
ating every 6 weeks (1 cycle). Adverse effects were evaluated 
based on the NCI-CTC AE3.0 standard. Progression-free 
survival (PFS) includes the time from the beginning of treat-
ment until PD or death and overall survival (OS) is the time 
from the beginning of treatment to death.

Testing index and method. Polymerase chain reaction-restric-
tion fragment length polymorphisms (PCR-RFLPs) were 
used to determine candidate nucleotide polymorphism loci 
(VEGFR1, VEGFR2 and VEGFR3), and western blotting was 
performed to test the p-MAPK/ERK/STAT3 protein expres-
sion levels.

Peripheral venous blood (5 ml) was drawn from each patient 
after overnight fasting of ≥8 h and stored at ‑20˚C. QIAamp 
DNA kit was used to extract the DNA and protease K was used 
for sample digestion. An equilibrated-phenol extraction method 
was used to purify concentrated DNA; the genetic typing was 
accomplished in a double-blind fashion by two people. The 
SNPs VEGFR1, VEGFR2 and VEGFR3 were selected for 
sequencing. The screening standards were as follows: Gene 
frequency for Chinese people >5%, linkage disequilibrium 
principle of didymous SNP loci and related coefficient r2 >0.8.

The reagents for PCR-RFLP included TaqDNA poly-
merase, dNTPs, and a DNA fragment length standard (PCR 
markers), were purchased from Nanjing KeyGen Biotech Co., 
Ltd., (Nanjing, China); a restriction enzyme was purchased 
from Fermentas (Glen Burnie, MD, USA). The Primer 
Premier 5.0 software was used for primer design (Premier 
Biosoft International, Palo Alto, CA, USA) and primers were 

synthesized by Shanghai Invitrogen Biotechnology Co., Ltd. 
(Shanghai, China) (Table I). MJ-PTC200 type PCR amplifica-
tion apparatus was used with each test tube reaction containing 
10 µl (including 50 ng genome DNA in 5 µl, 2X Taq PCR 
Mix, 0.15 µl of 10 pmol/µl upstream and downstream primers, 
4.2 µl ddH2O). The PCR reaction protocol was programmed 
as: Initial pre‑denaturation step at 94˚C for 5 min, followed by 
34 cycles of a denaturing step at 94˚C for 30 sec, an annealing 
step at 59˚C for 40 sec, and an extension 72˚C for 45 sec, 
and a final extension at 72˚C for l0 min. Then, 2% agarose 
gel electrophoresis was prepared to observe the PCR product. 
The prepared enzymatic digestion system included: 5 units of 
enzyme, l.0 µl 1X buffer, 3.5 µl ddH2O, and 5 µl PCR reac-
tion product. The mixtures were incubated at 37˚C thermostat 
overnight and the next morning a 3% sepharose gel was elec-
trophoresed to visualize the enzymatic digestion results and 
identify the genotypes under a UV lamp.

For western blotting, RIPA cell lysis buffer and PMSF 
(protease inhibitor) were used to extract proteins (both 
reagents were from Shenneng Bocai Biotechnology Co., 
Ltd., Shanghai, China); the Bradford method was used to test 
the protein sample concentrations (kit from R&D Systems, 
Inc., Minneapolis, MN, USA); the samples were loaded onto 
5X SDS-PAGE electrophoresis gels (loading buffer from 
Beyotime Institute of Biotechnology, Shanghai, China) and 
run; and Coomassie brilliant blue (from Beijing Zhongshan 
Co., Beijing, China) was used to stain the gels. After membrane 
transfer; the immunoreaction was set up. Briefly, the PVDF 
membrane in a glass container was soaked with 5% blocking 
buffer, and agitated at 25˚C for 1 h. The primary mouse anti‑
human monoclonal antibodies (Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA) were added to the buffer at appropriate 
concentrations [p-MAPK (cat. no. SC-6802) was added at a 
1:2,000 concentration, p-ERK antibody (cat. no. SC-154) at a 

Table I. Restriction enzyme used in the PCR-RFLP method.

Gene Restriction 
name enzyme Primers 5'-3'

VEGFR1  
  rs664393 SciI F-GACTAAACACCCCTCCAGCA
  R-TGTCAGCATTGTCCTTCTGC
VEGFR2  
  rsl870377 AluI F-TTTCCTCCCTGGAAGTCCTC
  R-GGCTGCGTTGGAAGTTATTT
  rs7667298 Hpy8I F-ATCCTTGGTCACTCCGGTTT
  R-TGCTGTGCTTTGGAAGTTCA
VEGFR3  
  rs448012 SatI F-GAGGTTGACCACGTTGAGGT
  R-TTCAGAGCCGAGGGACCA
  rs72816988 SsiI F-TGTGGGGGCTGTTCTGTATT
  R-ACCTCTGCTCCCTTCTCCTC

PCR-RFLP, polymerase chain reaction-restriction fragment length 
polymorphism; VEGFR, vascular endothelial growth factor receptor.
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1:300 concentration, p-STAT3 (cat. no. SC-7179) at a 1:1,000 
concentration and β-actin (cat. no. SC-47778) at a 1:500 
concentration] and were stored at 4˚C overnight. The following 
day, the PVDF membranes were washed three times in PBST 
for 10 min. Blocking buffer was used to prepare secondary 
antibody goat anti-mouse IgG marked by horseradish peroxi-
dase (Santa Cruz Biotechnology, Inc.; cat. no. SC-2054) at a 
1:1,000 concentration, and the PVDF membranes were soaked 
at 37˚C on a shaking platform for 2 h. Finally, after washing 
the membranes three times in PBST, the blots were visualized 
by chemiluminescence (ECL fluorescence detection kit from 

Beyotime Institute of Biotechnology), and the results were 
scanned into a computer through a gel imager and analyzed 
using Quantity One 4.4.0 software. The experiments were 
done in triplicate and the values obtained are averages of three 
experiments. After processing, reported values represent the 
average of OD value ratios between the target protein and the 
β-actin protein bands for normalization.

Statistical analysis. Data were processed through SPSS 19.0 
statistical software (SPSS, Inc., Chicago, IL, USA). 
Measurement data were shown as mean value ± standard 
deviation and comparison among groups was through t-test. 
Enumeration data are shown as cases or percentages and 
comparison among groups were carried out using  the (correc-
tion) χ2 test. The logistic regression method was used to 
analyze the correlation between SNPs and the effectiveness 
of sunitinib-targeted therapy on renal cell carcinoma and the 
step-back technique was used for screening. The comparison 
of PFS and OS was analyzed by the Kaplan-Meier method; 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

SNP sequencing results. The elapsed time before the follow-up 
visits ranged from 6 to 23 months, and the median time was 
15 months. Of the 68 patients, there were 16 CR cases, 29 PR 
cases and 23 SD and PD cases. Tested SNP mutation sites 
and mutation rates are shown in Table II. Mutation rates of 
rsl870377 and rs448012 loci in the CR+PR group are lower 
than those in the SD+PD group while there are no differences 
for the other 3 loci.

Comparison of p‑MAPK/ERK/STAT3 expression levels. The 
expression levels for p-MAPK, p-ERK and p-STAT3 in the the 
CR+PR group are lower than those in the SD+PD group and 
the differences are of statistical significance (P<0.05; Fig. 1).

Comparison of PFS and OS in different reaction groups. 
Median PFS and OS in CR+PR group are significantly higher 
than those in SD+PD group (comparing 9.6 months with 

Table II. SNP sequencing results.

Gene Locus Gene frequency Mutation rate CR+PR group SD+PD group  
type mutation of minor allele [case (%)] (n=45) (n=23) χ2 P-value

VEGFR1       
  rs664393 G>A 0.244 13 (19.1)   9 (20.0)   4 (17.4) 0.000 1.000
VEGFR2       
  rsl870377 A>T 0.467 31 (45.6) 15 (33.3) 16 (69.6) 8.055 0.005
  rs7667298 C>T 0.284 15 (22.1)   8 (17.8)   7 (30.4) 1.418 0.234
VEGFR3       
  rs448012 C>G 0.483 29 (42.6) 14 (31.1) 15 (65.2) 7.239 0.007
  rs72816988 G>A 0.079   7 (10.3) 3 (6.7)   4 (17.4) 0.912 0.340

SNPs, single nucleotide polymorphisms; CR, complete response; PR, partial response; SD, stable disease; PD, progression of disease.

Figure 1. Expression levels of p-MAPK/ERK/STAT3 in different reaction 
groups analyzed by western blotting (levels normalized to the in-house 
β-actin protein levels). CR, complete response; PR, partial response; SD, 
stable disease; PD, progression of disease.

Figure 2. Comparison of progression-free survival (PFS) and overall sur-
vival (OS) in different reaction groups. CR, complete response; PR, partial 
response; SD, stable disease; PD, progression of disease.
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6.2 months, χ2=8.924, P<0.001; comparing 17.5 months with 
11.3 months, χ2=10.548, P<0.001; Fig. 2).

Association between SNPs and OS. The median OS of the 
rsl870377 genotype TT was obviously higher than that for the 
genotype AA, and the median OS of rs448012 genotype GG 
was higher than that for the genotype CC. The differences 
are of statistical significance (comparing 15.8 months with 
9.5 months, χ2=16.432, P<0.001; comparing 24.3 months with 
17.2 months, χ2=12.623, P<0.001; Fig. 3).

Correlation between SNP and effectiveness analyzed by 
logistic regression method. Taking the abovementioned 5 SNPs 
as independent variables and the effectiveness of CR+PR as the 
dependent variable, it was concluded by a multi-factor logistic 
regression model that rsl870377 and rs448012 are closely 
associated with the effectiveness of sunitinib-targeted therapy 
on renal cell carcinoma, and that A mutation of rsl870377 and 
C mutation of rs448012 are independent risk factors that influ-
ence treatment efficacy (Table III).

Discussion

Sunitinib is able to block vascular VEGF receptors, 
platelet-derived growth factor receptors (PDGFR-α and 
PDGFR-β), the stem cell factor receptor (C-kitR), FMS-like 
tyrosine kinase-3, the type I colony stimulating factor receptor 
and the neurotrophin receptor derived from neural glial cells, 
strongly inhibiting proliferation of tumor cells and exerting an 
anti-angiogenesis effect (6,7). In addition, sunitinib is able to 
inhibit tumor cell proliferation directly by inhibiting several 
signal transduction pathways such as Ras/Raf/MEK/ERK 
and MAPK/ERK/STAT3 (8,9); directly inducing mechanisms 
such as tumor cell apoptosis (10), leading to a multi-targeted 
treatment on advanced renal cell carcinoma. Sunitinib has 
been approved by the FDA in the USA and by the European 
Commission to be used in the treatment of advanced renal cell 
carcinoma.

Most molecular-targeted drug treatments have some posi-
tive effects but bear low complete remission rates, which may 
be due to SNPs (11). SNPs are able to influence functions by 
modifying gene structures and may lead to increased risks of 
developing tumors (12). It has been shown that the function of 
genes related to angiogenesis such as VEGFA and VEGFR 
can be linked to risks of renal carcinoma due to adjustments 
in the expression levels of other genes (13). A study found that 

the 460th gene polymorphism of VEGF is a risk factor for 
renal carcinoma (14). Another study, using a genome-wide 
association in European population, found three loci related to 
susceptibility to renal carcinoma, one of which is in the 2p21 
region (rs7579899) and encodes the endothelial PAS consti-
tutive protein 1 (EPAS1, that is HIF‑2α) (15). Nevertheless, 
related studies have not found the same results in Chinese 
individuals (16), showing how genetic structures can differ for 
different populations.

Among the population of patients with advanced renal 
cell carcinoma in the present study, the mutation rates for 
VEGFR2 (rsl870377) and VEGFR3 (rs448012) were the 
highest. However, the same mutation rates in the subgroup 
of CR+PR patients were lower than those in the SD+PD 
subgroup. Also, the relative expression levels of p-MAPK, 
p-ERK and p-STAT3 in the better response group were 
significantly lower. Moreover, the median OS for the TT 
genotype at rsl870377 was higher than that for the AA geno-
type, and the median OS in the GG genotype for rs448012 
was higher than that for the CC genotype. Statistical analyses 

Table III. Analyzing correlation between SNP and OS with logistic regression method.

SNPs Β Wald P‑value OR 95% CI

rs664393 0.321 1.302   0.616 0.427 -0.325-2.302
rsl870377 0.108 6.957 <0.001 3.526  2.852-5.629
rs7667298 0.254 2.625   0.938 0.854  0.232-3.935
rs448012 0.163 7.854 <0.001 4.113  3.593-5.942
rs72816988 0.096 1.429   0.532 0.322 -0.528-2.534

SNPs, single nucleotide polymorphisms; OS, overall survival; B, regression coefficient; OR, odds ratio; CI, confidence interval.

Figure 3. Association between single nucleotide polymorphisms and overall 
survival (OS). (A) Association between rsl870377 polymorphism and OS; 
(B) Association between rs448012 polymorphism and OS.
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revealed the association of these phenotypes to the effective-
ness of treatment was confirmed. It is clear from the present 
study that VEGFR SNPs can control the MAPK/ERK/STAT3 
signaling pathway protein expression and thereby influence 
the effectiveness of sunitinib-targeted therapy. This opens up 
possibilities for a new line of therapeutic targets.
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