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Objective: The aim of this study was to investigate the effects of vascular endothelial growth 

factor A (VEGFA) on cell proliferation, apoptosis, migration, and invasion in renal clear cell 

carcinoma (RCCC).

Methods: Between June 2012 and June 2015, RCCC tissues were obtained for the experimental 

group, and RCCC adjacent tumor-free kidney parenchyma tissues were obtained for the control 

group. VEGFA mRNA and protein expressions and phosphoinositide 3-kinase, serine/threonine-

specific protein kinase (AKT), and phosphorylated-AKT protein expressions were detected. The 

chemically synthesized specific siRNA using RNA interference technology was used to inhibit 

VEGFA gene expression in human RCCC 786-O cells. The negative control (NC) group was 

transfected with NC sequence, and the blank group was transfected with no sequence. Flow 

cytometry, scratch test, and cell-penetrating experiment were used to detect cell proliferation, 

apoptosis, migration, and invasion of 786-O cells.

Results: Positive expression of VEGFA protein was 60.62% in RCCC tissue and 18.34% in 

adjacent tissue with statistically significant difference (P,0.001). VEGFA protein and mRNA 

expressions were higher in RCCC tissue than those in adjacent tissue (both P,0.01). VEGF 

expression in RCCC tissue was associated with Fuhrman grading and American Joint Committee 

on Cancer staging (both P,0.05). After RCCC 786-O cells transfecting the VEGFA siRNA, the 

VEGFA mRNA and protein expressions and phosphoinositide 3-kinase and phosphorylated-AKT 

protein expressions were significantly decreased, cell proliferation was remarkably inhibited, cell 

apoptotic ratio was obviously increased, and migration distance and invasive cell number were 

markedly decreased compared to those in the NC group and the blank group (all P,0.05).

Conclusion: Inhibition of VEGFA inhibited proliferation, promoted apoptosis, and suppressed 

migration and invasion of RCCC 786-O cells. VEGF has a potential role in diagnosis and 

therapy of RCCC.

Keywords: 786-O, siRNA, transfection, cell biological behavior, PI3K/AKT, Fuhrman grad-

ing, AJCC staging, HK-2

Introduction
Accounting for 2%–3% of all adult malignant tumors, renal cell carcinoma (RCC) is 

the most lethal urologic cancer, and there are about 209,000 newly diagnosed RCC 

and 102,000 deaths caused by RCC per year worldwide.1 If detected at early stages, 

RCC can be cured surgically, but ~30% of patients have metastatic RCC at diagnosis, 

while another 25%–30% of patients undergoing surgery will experience local or distant 

recurrence, mainly to the bone and lung, and once metastasis develops, the prognosis of 

RCC is poor with the 5-year survival rate of 0%–10%.1,2 There are several histological 
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subtypes of RCC due to differences in incidence, biological 

behavior, and metastasis potential, and ~75% of RCC patients 

were diagnosed with renal clear cell carcinoma (RCCC), 

whereas the papillary and chromophobe subtypes contribute 

15% and 5%, respectively.3,4 The incidence of RCCC in the 

People’s Republic of China shows an increasing trend year 

by year, and RCCC has changeable biological behavior, 

complex etiology, and poor prognosis, and thus, it is of great 

importance to study the biological factors in the occurrence 

and development of RCCC.5

As an endothelial cell-specific protein, vascular endothe-

lial growth factor (VEGF) acts as a mediator of angiogenesis 

and vasculogenesis by regulating the integrity and activity of 

endothelial cells, contributing to optimal vascular shape and 

function, and activating vascular endothelial cells and mono-

cyte chemoattraction.6 VEGF A (VEGFA) is not only a potent 

angiogenic factor but also a survival factor for endothelial 

cells during tumor angiogenesis and can function in vascular 

permeability and antiapoptosis.7 Besides, acting as a potent 

tumor angiogenic factor, VEGFA can stimulate the growth 

of new blood vessels and thus provide tumors with oxygen 

and nutrients.8 It has been reported that tumor angiogenesis 

by activating the VEGF pathway results in improved blood 

supply and enriched source of nutrients for RCCC.9 Besides, 

anti-VEGF therapies for metastatic RCCC patients have 

induced response rates of 30%–40% and improved overall 

survival by targeting VEGF.10 Moreover, VEGF -2578C/A 

and -1154G/A polymorphisms were shown to be related with 

lower prognosis of RCC patients.11 However, there were few 

studies focused on the potential role of VEGFA on the biologi-

cal behavior of RCCC cells except one study, which showed 

that miR-185 inhibits cell proliferation and induces cell apop-

tosis by targeting VEGFA directly in RCCC.12 Thus, our study 

was conducted to investigate VEGFA expression in RCCC tis-

sues and cells and the effects of VEGFA on cell proliferation, 

apoptosis, migration, and invasion of RCCC cells. Thus, our 

study might provide a valuable marker for the development 

of RCCC, which is of great clinical significant.

Materials and methods
Specimen collection and grouping
Between June 2012 and June 2015, 35 RCCC patients 

(20 males and 15 females; age ranges 37–72 years; average 

age 50.7  years) undergoing surgical resection at Xiangya 

Hospital, Central South University, were enrolled in our 

study, and their RCCC tissues were treated as experimental 

group. RCCC adjacent tumor-free kidney parenchyma tissues 

(n=35) were treated as control group. Tumor histopathologic 

grading was based on the Fuhrman standard recommended 

by World Health Organization,13 and clinical staging was 

based on the American Joint Committee on Cancer (AJCC) 

criteria.14 Inclusion criteria of RCCC patients were as follows: 

patients were pathologically diagnosed as RCCC patients; 

patients received kidney radical resection or partial nephrec-

tomy; and patients received no tumor-related chemotherapy, 

radiotherapy, and immunological therapy. Exclusion criteria 

were as follows: patients combined with malignant tumor in 

other organs or body parts; patients combined with severe 

renal parenchymal atrophy caused by severe hydronephrosis, 

hypertension, diabetes, and other diseases; and patients who 

also had nephritis. All specimens were obtained from fresh 

surgical resection specimen tissue avoiding cancer necrosis, 

and the specimens were directly frozen in liquid nitrogen and 

were stored at -80°C for the next step. This study has been 

approved by the Xiangya Hospital, Central South University 

Ethics Committee, and the written consent of patients and 

their families was obtained. The ethical approval for this study 

conformed to the standards of the Declaration of Helsinki.15

Immunohistochemistry detecting VEGFA 
protein expression
Frozen tissues were sliced, shaken with phosphate-buffered 

saline (PBS) containing 0.1% bovine serum albumin, 

incubated with 3% hydrogen peroxide at room temperature 

for 10 minutes to block endogenous peroxidase activity, then 

rinsed with PBS, added to with 1:150 diluted VEGFA anti-

body (EMD Millipore, Billerica, MA, USA), and incubated 

overnight at 4°C. The slices were again washed with PBS, 

horseradish peroxidase goat anti-mouse/rabbit IgG (second-

ary antibody) (EMD Millipore) was instantly added in each 

slice, and incubated at room temperature for 15  minutes. 

Then they were again washed with PBS, stained with 3,3′-
diaminobenzidine, restained with hematoxylin, dehydrated 

with ethanol gradually, treated with dimethylbenzene to 

become transparent, and sealed with neutral gum. The 

negative control (NC) used PBS solution to replace primary 

antibody. The result was determined as follows: VEGFA 

protein was positively localized in the cytoplasm and pre-

sented brownish yellow granules. Ten high-power fields of 

each slice in the tumor area were randomly selected with 

100 cells per field. The scores based on color intensity were 

as follows: 0 point for noncoloring, 1 point for light yellow, 

2 points for yellow, and 3 points for brown yellow; and the 

scores based on positive cell percentage were as follows: 

0 point for ,5%, 1 point for 5%–25%, 2 points for 26%–50%, 

3 points for 51%–75%, and 4 points for .75%. Negative was 
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determined when the multiple coloring intensity of the prod-

uct of positive cell percentage was 0–3 points, while positive 

was determined when the product was $4 points.16

Western blot detecting protein expressions
Protein lysate (Nanjing KeyGEN BioTECH Development 

Co, Ltd, Nanjing, People’s Republic of China) was added 

to the frozen tissue or cells in logarithmic growth phase 

to extract total proteins, and Bradford method (Nanjing 

KeyGEN BioTECH Development Co, Ltd) was used for 

protein quantification. Total proteins (50 μg) were extracted 

using 12% sodium dodecyl sulfate polyacrylamide gel elec-

trophoresis, were transferred to a polyvinylidene fluoride 

membrane (EMD Millipore, Billerica, MA, USA), and 

blocked with 5% skimmed milk powder at 37°C for 1 hour. 

VEGFA, phosphoinositide 3-kinase (PI3K), serine/threonine-

specific protein kinase (AKT), and phosphorylated-AKT 

(p-AKT) monoclonal antibodies (1:1,000 dilution; Abcam, 

Cambridge, UK) were added to the blocked proteins, and 

the whole system was incubated overnight at 4°C. The 

membrane was washed with poly(butylene succinate-co-

terephthalate) for three times with 5 minutes for each time, 

and horseradish peroxidase-conjugated secondary antibody 

(1:4,000 dilution; Abcam) was added to incubate at room 

temperature for 1 hour. Electro-chemi luminescence liquid 

was formulated to conduct contact reaction with the positive 

side of polyvinylidene fluoride membrane for 3–5 minutes, 

and then electro-chemi luminescence liquid was drained. 

The protein bands were developed at darkroom, and ImageJ 

software was used to calculate the gray scale values of the 

bands. The relative expressions of proteins were calculated 

as the ratio of gray scale values of the targeted band to 

the reference glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) band. Each experiment was repeated three times, 

and the average values were calculated.

Real-time quantitative polymerase chain 
reaction (RT-qPCR) detecting VEGFA 
mRNA expression
MiRNeasy Mini Kit (Qiagen NV, Venlo, the Netherlands) was 

used to extract total RNA from frozen tissues or cells in the 

logarithmic growth phase. RNA sample (5 μL) was diluted with 

20-fold RNA enzyme-free ultrapure water, and the absorbance 

of RNA sample was detected using an ultraviolet spectropho-

tometer at 260 nm and 280 nm. RNA concentration and purity 

were detected, and the ratio of optical density (OD)260/OD280 

between 1.7 and 2.1 indicated high purity of RNA, which can 

be used for the follow-up experiments. cDNA templates were 

synthesized by reverse transcription PCR amplification reaction 

using PCR instrument (PerkinElmer, Waltham, MA, USA), and 

RT-qPCR experiments were conducted by using the ABI7500 

quantitative PCR instrument (Applied Biosystems Inc., 

Foster City, CA, USA). The reaction conditions were as follows: 

denaturation at 95°C for 3 minutes, 30 cycles of denaturation 

at 94°C for 30 seconds, annealing at 55°C for 30 seconds, and 

extension at 72°C for 30 seconds. The primers for VEGFA 

were as follows: 5′-TTGCTGCTCTACCTCCACCAT-3′ 
(forward) and 5′-GGTGATGTTGGACTCCTCAGTG-3′ 
(reverse); and the primers for GAPDH were as follows: 

5′-TGAAGGTCGGAGTCAACGGA-3′ (forward) and 

5′-CCTGGAAGATGGTGATGGGAT-3′ (reverse). GAPDH 

was used as an internal control, and each sample repeated mea-

surements for three times. PCR results were analyzed with Opti-

conMonitor3 software (Bio-Rad Laboratories Inc., Hercules, 

CA, USA). The threshold was manually selected at the lowest 

point of each of the parallel rise of the logarithmic amplifica-

tion curve to obtain Ct values of each reaction tube (threshold 

cycle), the data were analyzed using 2−ΔΔCt method (2−ΔΔCt 

represents the times ratio of target gene in the experimental 

group and the control group, and the formula was as follows: 

ΔΔCt = ΔCt
experimental group

 - ΔCt
control group

, wherein ΔCt = Ct
target gene

 -  

Ct
GAPDH

), and the experiment was repeated three times.17

Cell culture
Human RCCC 786-O and human renal tubular epithelial HK-2 

cells were purchased from American Type Culture Collection 

and were cultured with RPMI 1640 medium (Hyclone, Logan, 

UT, USA) containing 10% fetal bovine serum (FBS) (Thermo 

Fisher Scientific, Waltham, MA, USA), 100 U/mL penicil-

lin, and 100 U/mL streptomycin (Hyclone) at 37°C in a 5% 

carbon dioxide (CO
2
)-saturated humidified incubator (Thermo 

Fisher Scientific) to conduct subculture. When the cells grew 

to a confluence of 80%, 0.25% trypsin (Beyotime Biotech-

nology Co, Ltd, Shanghai, People’s Republic of China) was 

used for digestion, and the cells (cell density of 5×104) were 

subcultured and seeded in the culture flasks or plates. When 

the cells grew to a confluence of about 50%–70%, the cells 

were used for the follow-up experiment.

Cell transfection and VEGFA mRNA and 
protein expressions
VEGFA siRNA and disorderly NC sequence were designed and 

synthesized by Shanghai Bioengineering Co, Ltd, (Shanghai, 

People’s Republic of China) and the VEGFA siRNA sequences 

were as follows: 5′-CCGAAACCAUGAACUUUCUTT-3′ 
(sense strand) and 5′-AGAAAGUUCAUGGUUUCGGTT-3′ 
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(antisense strand) (VEGFA siRNA-transfected group); 

and the disorderly NC sequences were as follows: 

5′-UUCUCCGAACGUGUCACGUTT-3′ (sense strand) and 

5′-ACGUGACACGUUCGGAGAATT-3′ (antisense strand) 

(NC group). Human RCCC at the logarithmic phase was 

seeded in 6-well plates, and when the cell confluence reached 

up to 60%–70%, the medium was discarded; the siRNA was 

dissolved in Opti-MEM (Thermo Fisher Scientific), mixed 

with Lipofectamine RNAiMIX (Thermo Fisher Scientific), 

and added into each well of plates. The blank group only 

added the same amount of Opti-MEM low serum liquid 

nutrient medium. After culturing for 6 hours, old medium 

was removed out of wells, and fresh Dulbecco’s Modified 

Eagle’s Medium containing 10% FBS was used for culture. 

Twenty-four hours after transfection, cells in each well were 

collected for the detection of VEGFA mRNA expression 

using the RT-qPCR method mentioned earlier; and 48 hours 

after transfection, cells in each well after lysis were collected 

for the detection of VEGFA, PI3K, AKT, and p-AKT protein 

expressions using the Western blot.

Cell Counting Kit-8 (CCK-8) assay 
detecting cell proliferation
After transfection, cells of each group in the logarithmic 

growth phase were seeded in 96-well plates, and cell num-

bers at specific time points were measured when the cells 

grew adherent to walls. The specific steps are as follows: 

the medium solution was discarded, 100 μL of fresh medium 

containing 10 μL CCK-8 reagent (Beyotime Biotechnology 

Co, Ltd) was added, well plates were placed in a CO
2
 incu-

bator to conduct stand culture for 2 hours, and a microplate 

reader (Bio-Rad Laboratories Inc.) was used to measure OD 

at 450 nm wavelength. Each group had six repeat holes.

Flow cytometry detecting cell apoptosis
RCCC 786-O cells were collected 48 hours after transfection, 

and cell density was adjusted to 1×106/mL. Cell suspension 

(0.5 mL) was placed in a centrifuge tube, 1.25 μL of Annexin 

V-FITC (Nanjing KeyGEN BioTECH Development Co, Ltd) 

was added to the centrifuge tube, the whole system was car-

ried out in a dark room at room temperature for 15 minutes 

and centrifuged at 1,000× g for 5 minutes, the supernatant 

was discarded, the cells were gently treated with 0.5 mL of 

cold-binding buffer to resuspend and 10 μL of propidium 

iodide (PI), and flow cytometer (BD, Franklin Lakes, NJ, 

USA) was immediately used for detection analysis. The 

results are shown in the scatter plots: lower left quadrant 

(Q4, FITC−/PI−) showed healthy living cells, right lower 

quadrant (Q3, FITC+/PI−) showed early apoptotic cells, and 

right upper quadrant (Q2, FITC+/PI+) showed necrosis and 

late apoptosis cells. The apoptotic rate = early apoptotic cell 

percentage (Q3) + late apoptotic cell percentage (Q2).

Scratch assay detecting cell migration
Forty-eight hours after transfection, cells in each group were 

seeded in 6-well plates at a cell density of 5×105 cells/well. 

When the cells reached 80% confluence, 1 mL sterile pipette 

tip draw a vertical line from the middle of each hole from 

top to down, PBS was used to rinse cells, the medium was 

added into a 5% CO
2
 incubator at 37°C, and the cells were 

cultured for 24 hours, fixed with 75% alcohol at 4°C for 

30 minutes, stained with hematoxylin–eosin, and sealed with 

neutral gum. The width variations in three crawling slides 

of each group were observed under a light microscope, and 

the average cell migration distances were measured using 

the Image-Pro Plus Analysis software.

Transwell assay detecting cell invasion
Matrigel gum (40 μL) dissolved at 4°C was added into a 

precooled Transwell chamber and was incubated in a cell 

incubator for 1 hour to enable the gelation of the Matrigel. 

Cells in each group were taken after 48 hours of transfec-

tion, serum-free culture medium was used to adjust the cell 

concentration to 1×105/100 μL, 100 μL of cell suspension 

was added to the upper chamber of Transwell chamber 

(BD), 500 μL of culture medium containing 10% FBS was 

added to the lower chamber, the cells were cultured in a 5% 

CO
2
 incubator at 37°C for 48 hours, the small chamber was 

removed, cotton swabs were used to wipe the cells from 

the upper chamber, 4% paraformaldehyde was used to fix 

the cells for 15  minutes, and the cells were washed with 

PBS once, stained with crystal violet for 10 minutes, and 

washed with PBS once. Five fields (up, down, left, right, and 

middle) were chosen to count the cells under a high-power 

microscope (Olympus Corporation, Tokyo, Japan), and the 

numbers of cells passing through the Matrigel membrane 

were calculated.

Statistical analysis
All data were analyzed using SPSS 18.0 statistical software 

(SPSS Inc., Chicago, IL, USA). Count data were expressed 

as percentage and tested using χ2-test, and measurement data 

were expressed as mean ± standard deviation; the comparison 

between two groups was analyzed using two-sample t-test, 

and the comparison among multiple groups was analyzed 

using analysis of variance. Pearson correlation analysis 
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was performed for correlation analysis. P,0.05 indicates 

significant difference.

Results
VEGFA expression in RCCC tissues 
and adjacent tissues associated with 
clinicopathological features
Immunohistochemistry results showed that VEGFA stained 

darker in RCCC tissues than in the control group (Figure 1). 

In 35 cases of RCCC tissues, 21 cases had high expression 

of VEGFA, 14 cases had low expression of VEGFA, and the 

positive expression rate of VEGFA was 60.62% in RCCC 

tissues, while it was 18.34% in adjacent tissues, showing 

significant differences between the two groups (χ2=13.57, 

P,0.001) (Table 1). As shown in Table 2, VEGFA pro-

tein expression was not associated with sex and age (both 

P.0.05) but was associated with Fuhrman grading and 

AJCC staging (both P,0.05). The VEGFA protein expres-

sion in RCCC tissues was significantly higher than that in 

adjacent tumor-free kidney parenchyma tissues (3.35±1.12 

vs 1.76±0.78; t=6.628, P,0.01) (Figure 2A). Besides, 

the VEGFA mRNA expression in RCCC tissues was also 

obviously higher than that in adjacent tissues (6.51±2.25 vs 

2.17±0.91; t=9.947, P,0.01) (Figure 2B). VEGFA mRNA 

and protein expression levels were significantly positively 

correlated (r=0.878, P,0.001).

VEGFA expression in RCCC 786-O and 
renal tubular epithelial HK-2 cells
The VEGFA protein expression was 2.45±0.59 in RCCC 

786-O cells and 1.17±0.21 in HK-2 cells with statistically sig-

nificant difference (t=3.534, P=0.024) (Figure 3A). In addi-

tion, the VEGFA mRNA expression was 3.15±0.78 in RCCC 

786-O cells and 1.41±0.27 in HK-2 cells with statistically 

significant difference (t=3.647, P=0.021) (Figure 3B).

VEGFA expression and related proteins 
in PI3K/AKT pathway of transfected cells 
in each group
After transfection of siRNA for 24 hours, VEGFA mRNA 

expression changes were detected by RT-qPCR. The results 

showed that the VEGFA mRNA expression (0.93±0.15) 

was obviously decreased in the transfected group compared 

to that in the NC group and the blank group (F=16.92, 

Figure 1 VEGFA protein expression.
Notes: VEGFA protein positively expressed in RCCC tissues (A) and negatively expressed in adjacent tissues (B) detected by immunohistochemistry. Magnification ×400.
Abbreviations: RCCC, renal clear cell carcinoma; VEGFA, vascular endothelial growth factor A.

Table 1 VEGFA expressions in RCCC tissues and adjacent 
tissues

Case VEGFA χ2 P-value

Positive (%) Negative (%)

RCCC tissues 35 21 (60.62%) 14 (39.39%) 13.57 ,0.001
Adjacent tissues 35 6 (18.34%) 29 (81.67%)

Abbreviations: RCCC, renal clear cell carcinoma; VEGFA, vascular endothelial 
growth factor A.

Table 2 Associations between VEGFA expressions and clinico
pathological features of RCCC patients

Clinicopathological 
features

Case VEGFA 
expressions

χ2 P-value

Negative Positive

Sex
Male 20 9 11 0.122 0.727
Female 15 5 10

Age
#60 22 8 14 0.046 0.830

.60 13 6 7
Fuhrman grading

I–II 13 9 4 5.552 0.018
III–IV 22 5 17

AJCC staging
I–II 15 10 5 5.955 0.015
III–IV 20 4 16

Abbreviations: AJCC, American Joint Committee on Cancer; RCCC, renal clear 
cell carcinoma; VEGFA, vascular endothelial growth factor A.
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P=0.003). The VEGFA mRNA expression was 3.25±0.75 in 

the NC group and 3.01±0.53 in the blank group, suggesting 

no significant difference between the two groups (t=0.453, 

P=0.674) (Figure 4A). After transfection of siRNA for 

48 hours, VEGFA protein changes were detected by Western 

blot analysis. The VEGFA protein expression level decreased 

significantly in the transfected group (0.89±0.05) compared 

to that in the NC group and the blank group (F=18.45, 

P=0.003). There were no significant differences in VEGFA 

protein expression level between the NC group and the 

blank group (2.76±0.53 vs 2.43±0.45; t=0.822, P=0.457) 

(Figure 4B and C). PI3K/AKT pathway-related protein 

expression levels were shown (Figure 4B and C). There 

were no significant differences in the protein expressions 

between the NC group and the blank group (all P.0.05). 

PI3K and p-AKT proteins were significantly decreased (all 

P,0.05), while AKT was slightly decreased in the VEGFA 

siRNA-transfected group compared to the NC group and the 

blank group, which indicated that VEGFA might regulate the 

biological behavior of the human RCCC through the PI3K/

AKT pathway (Figure 4B and C).

Decreased cell proliferation after 
transfection of VEGFA siRNA
CCK-8 was used to detect the cell proliferation activity of 

786-O cells in vitro, absorbance at 450  nm reflected the 

relative number of living cells, and the results are shown in 

Figure 5A. With the increase in time, the OD values of cells 

in each group increased. Immediately after transfection, 

the OD values of cells in the three groups were detected, 

and there was no statistically significant difference among 

the three groups (P.0.05). Twenty-four hours after transfec-

tion, the OD value of 786-O cells was found significantly 

decreased in VEGFA siRNA-transfected group compared 

to that in the NC group and the blank group (both P,0.05). 

As can be seen from the proliferation curve (Figure 5B), 

the values in growth curve of VEGFA siRNA-transfected 

group were significantly lower than those in the NC group 

and the blank group 24 hours after transfection, indicating 

that the proliferation of 786-O cells was obviously inhibited, 

while the growth curve of NC group and blank group was 

overlapped, indicating that the proliferation abilities of 786-O 

cells in the two groups were not significantly different.

Figure 2 VEGFA expressions in RCCC tissues and adjacent tissues.
Notes: Western blot detecting protein expression (A) and RT-qPCR detecting mRNA expression (B). *Compared to adjacent tissues, P,0.05.
Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; RCCC, renal clear cell carcinoma; RT-qPCR, real-time quantitative polymerase chain reaction; 
VEGFA, vascular endothelial growth factor A.

Figure 3 VEGFA expressions in human RCCC 786-O cells and renal tubular epithelial HK-2 cells.
Notes: Western blot detecting protein expression (A) and RT-qPCR detecting mRNA expression (B). *Compared to HK-2 cells, P,0.05.
Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; RCCC, renal clear cell carcinoma; RT-qPCR, real-time quantitative polymerase chain reaction; 
VEGFA, vascular endothelial growth factor A.
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Increased cell apoptotic rate after 
transfection of VEGFA siRNA
Flow cytometry was used to detect cell apoptotic rate 48 hours 

after transfection. The cell apoptotic rate was 19.23%±1.21% 

in the VEGFA siRNA-transfected group, 12.96%±1.01% 

in the NC group, and 11.78%±0.92% in the blank group. 

As shown in Figure 6, compared to the NC group and the 

blank group, the apoptotic rate in transfected group was 

significantly increased (t=6.890, P=0.002; t=8.489, P=0.001, 

respectively). On the contrary, compared to the NC group 

Figure 4 VEGFA expressions and PI3K/AKT pathway in human RCCC 786-O cells 24 hours after transfection in each group.
Notes: RT-qPCR detecting mRNA expression (A), Western blot detecting protein expressions (B), and histogram of protein expressions (C). *Compared to the NC group 
or the blank group, P,0.05.
Abbreviations: AKT, serine/threonine-specific protein kinase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; NC, negative control; PI3K, phosphoinositide 3-kinase; 
p-AKT, phosphorylated-AKT; RCCC, renal clear cell carcinoma; RT-qPCR, real-time quantitative polymerase chain reaction; VEGFA, vascular endothelial growth factor A.

Figure 5 RCCC 786-O cell proliferation detected by CCK-8 assay.
Notes: Cell absorbance of 786-O cells in each group (A) and proliferation curve of 786-O cells in each group (B). *Compared to the NC group or the blank group, P,0.05.
Abbreviations: CCK-8, Cell Counting Kit-8; NC, negative control; OD, optical density; RCCC, renal clear cell carcinoma; VEGFA, vascular endothelial growth factor A.
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(83.96%±3.76%) and the blank group (85.01%±3.26%), 

live cell ratio in the VEGFA siRNA-transfected group 

(75.23%±2.58%) was significantly lower (t=3.316, P=0.029; 

t=4.075, P=0.015, respectively).

Suppressed cell migration and invasion 
ability after transfection of VEGFA siRNA
Scratch test results showed that the migration distance of 

the VEGFA siRNA-transfected group (43.56±6.35  µm) 

was obviously decreased compared to that in the NC group 

(73.36±7.32  µm) and the blank group (72.12±7.13  µm) 

(t=5.326, P=0.006; t=5.181, P=0.007, respectively) 

(Figure 7). Transwell results showed that invasive cell number 

was 25.60±2.77 in the NC group and 25.15±2.82 in the blank 

group, showing no statistically significant difference (t=0.197, 

P=0.853), while the invasive cell number was 6.65±1.69 in 

the VEGFA siRNA-transfected group and was obviously 

less than that in the NC group and the blank group (t=10.12, 

P,0.001; t=9.747, P,0.001, respectively), indicating that 

after transfection of VEGFA siRNA, migration and invasion 

capacity of the cells decreased significantly (Figure 8).

Discussion
In order to investigate VEGFA expression in RCCC tissues 

and cells and the effects of VEGFA on cell proliferation, 

apoptosis, migration, and invasion of RCCC cells, our 

study first studied the VEGFA expressions in RCCC tis-

sues and adjacent healthy tissues. The results showed that 

VEGFA protein and mRNA expressions in RCCC tissues 

were significantly higher than those in adjacent tumor-free 

kidney parenchyma tissues. VEGFA is vital for normal 

glomerular function, and dysregulation of VEGFA might 

be associated with the development of glomerulopathies 

and disordered glycocalyx regulation.18 VEGFA levels 

and signaling play complex roles in maintaining glom-

erular endothelium viability but might cause endothelial 

cell pathology when the VEGFA levels are too high, for 

example, in diabetic nephropathy, VEGFA levels are tran-

siently increased and lead to proteinuria.19 VEGFA and its 

soluble receptor 1 circulating levels are associated with 

inflammatory biomarkers, and VEGFA predicts all-cause 

mortality in incident dialysis patients.20 Moreover, Yang et 

al showed that VEGFA polymorphisms were shown to be 

independent factors for the prognosis of RCC patients.11 

Our study also indicated that VEGFA expressions were 

associated with RCCC patients. Since VEGFA expressions 

were an unfavorable prognostic factor for RCCC, VEGFA 

expressions could be used as a valuable biomarker for the 

prognosis of RCCC. Besides, our study also confirmed that 

VEGFA protein expression was associated with Fuhrman 

Figure 6 RCCC 786-O cell apoptosis in each group.
Notes: VEGFA siRNA-transfected group (A), NC group (B), blank group (C), and apoptosis rate and viability rate in each group (D). *Compared to the NC group or the 
blank group, P,0.05.
Abbreviations: FL3, fluorescence 3; FITC, fluorescein isothiocyanate; NC, negative control; PI, propidium iodide; RCCC, renal clear cell carcinoma; VEGFA, vascular 
endothelial growth factor A.
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Figure 7 RCCC 786-O cell migration in each group.
Notes: Initial state of scratch (A), VEGFA siRNA-transfected group (B), NC group (C), blank group (D), and migration distance in each group (E). *Compared to the NC 
group or the blank group, P,0.05.
Abbreviations: NC, negative control; RCCC, renal clear cell carcinoma; VEGFA, vascular endothelial growth factor A.

Figure 8 RCCC 786-O cell invasion in each group.
Notes: VEGFA siRNA-transfected group (A), NC group (B), blank group (C), and invasive cell number in each group (D). *Compared to the NC group or the blank group, P,0.05.
Abbreviations: NC, negative control; RCCC, renal clear cell carcinoma; VEGFA, vascular endothelial growth factor A.
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grading and AJCC staging. Overexpression of VEGF may 

play important roles in the histological stages and clinical 

features of cutaneous squamous cell carcinoma.21 Liang et al 

showed that the expression of VEGF may be an important 

feature of advanced RCC.22

To further explore the association between VEGFA 

expressions and RCCC patients, we investigate the role 

of VEGFA expressions in human RCCC 786-O cells. Our 

results showed that after transfection of VEGFA siRNA in 

RCCC 786-O cells, the VEGFA mRNA and protein expres-

sions and PI3K and p-AKT proteins were significantly 

decreased, cell proliferation was remarkably inhibited, and 

cell apoptotic ratio obviously increased compared to those in 

the NC group and the blank group. It has been reported that 

VEGFA plays a critical role in the growth of primary tumors, 

is secreted by most solid tumors, and promotes endothelial 

cell proliferation, invasion, migration, and survival, as well 

as vessel permeability via the interaction of VEGFA and its 

receptor VEGF receptor-2 (VEGFR-2).23 In human colon 

cancer, high levels of VEGFA are associated with tumor 

progression and invasiveness, and thus, VEGFA expression 

has been found to be a strong prognostic indicator of colon 

cancer metastasis and survival.24 In neoplastic Barrett’s cells, 

VEGF activation of VEGFR-2 initiates a phosphorylated 

phospholipase Cγ1, protein kinase C (PKC), and extracellular 

signal-regulated kinases 1/2 pathway that promotes prolifera-

tion and self-sustaining of neoplastic Barrett’s cells.25 Fur-

thermore, VEGFA is a positive regulator in cervical cancer 

angiogenesis, and the inhibition of VEGFA and its receptor 

signaling pathway can induce tumor cell apoptosis, suppress 

tumor angiogenesis, and inhibit tumor growth.26

AKT, also known as protein kinase B, played a pivotal 

role in cell proliferation, differentiation, and survival and 

is activated by a PI3K-dependent signaling pathway.27 The 

phosphorylation of AKT could activate downstream target 

genes involved in cell proliferation and cell cycle progres-

sion of tumor cells.28,29 PI3K/AKT signaling could activate 

noncanonical GLI1/2 in RCC and GLI1 and GLI2 are 

critical for RCC carcinogenesis.30 The proliferative actions 

of VEGF require activation of AKT signaling cascades, 

which are stimulated exclusively in actively proliferating 

neuronal progenitor cells.31 Thus, VEGF might promote the 

proliferation of RCCC by activating the PI3K/AKT signal-

ing pathway, while inhibition of VEGF could inhibit the 

proliferation of RCCC.

Another important result of our study showed that 

migration distance and invasive cell number were markedly 

decreased in the VEGFA siRNA-transfected group compared 

to those in the NC group and the blank group. VEGFA 

functions in human hepatocellular carcinoma proliferation 

and migration are mediated by P65, PKCα, and/or p53 due 

to the fact that the knockdown of VEGF165 can decrease 

the expression of NF-κB p65 and PKCα but can increase 

the expression of p53 signaling molecules.32 Glial cell 

line-derived neurotrophic factor enhances the migration of 

colon cancer cells by increasing VEGF–VEGFR interac-

tion, mainly by regulating the p38, PI3K/AKT, and HIF1a 

signaling pathways.33 VEGFA induces endothelial and cancer 

cell migration by directly binding to integrin α9β1, which 

mediates accelerated cell adhesion and migration through 

interactions with diverse extracellular ligands.34 In addition, 

Vlajnic et al showed that VEGFA gene locus (6p12) amplifi-

cation could identify a small but highly aggressive subgroup 

of colorectal patients.35

Conclusion
In conclusion, our study showed that VEGFA protein and 

mRNA expressions were significantly higher in RCCC 

tissues and RCCC 786-O cells. Besides, the inhibition of 

VEGFA could inhibit cell proliferation, promote cell apopto-

sis, and suppress cell migration and invasion of RCCC 786-O 

cells. VEGFA might affect RCCC proliferation through the 

PI3K/AKT pathway. Our study could provide an important 

reference for the pathology of RCCC patients and provide a 

new direction for the treatment of RCCC patients. VEGF has 

a potential role in diagnosis and therapy of the RCCC.
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