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Abstract: This study aimed to investigate the effects of silencing the speckle-type POZ protein 

(SPOP) gene on renal cell cancer (RCC) cells and to explore its possible mechanism. The A498 

and ACHN RCC cells were transfected with small interference RNA (siRNA)-SPOP by lipo-

fection methods. The silencing efficiency was monitored by quantitative real-time polymerase 

chain reaction and Western blot. The effects of SPOP silencing on cell apoptosis, cell viability, 

colony formation ability, cell migration ability, and chemosensitivity to Sorafenib were assessed 

by flow cytometry, an MTT assay, a colony formation assay, a trans-well migration assay, and 

a CCK-8 assay, respectively. Its effects on the expression of several cytokines were determined 

by a protein microarray. Relevant signaling pathways were also analyzed. Compared with the 

control group, the cell apoptosis rate was significantly higher; the cell viability, the colony 

formation, and migration ability were significantly decreased in the siRNA-SPOP group. The 

protein microarray screening showed that the expression of vascular endothelial growth factor 

receptor, matrix metallopeptidase-9, vascular cell adhesion molecule-1, and stromal cell-derived 

factor-1 in the siRNA group was significantly decreased and that the expression of granulocyte–

macrophage colony-stimulating factor and E-cadherin was significantly increased (P0.05). The 

relevant signaling pathways were the integrin-mediated cell surface interactions pathway and 

extracellular matrix organization signal pathway. SPOP gene silencing induced cell apoptosis, 

decreased cell viability, colony formation, and migration ability, and elevated the drug sensi-

tivity in the RCC cells. A possible mechanism is that silencing SPOP induces the differential 

expression of E-cadherin, vascular endothelial growth factor receptor, matrix metallopeptidase-9, 

and vascular cell adhesion molecule, which are related to the integrin-mediated cell surface 

interactions and extracellular matrix organization signaling pathway.
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Introduction
Renal cell cancer (RCC) is one of the most common genitourinary malignancies 

and accounts for ~3% of all adult malignancies.1 Approximately 30% of renal cell 

carcinoma patients are diagnosed in late stage with metastatic disease due to a lack of 

early warning clinical manifestations.2,3 In addition, RCC is resistant to radiotherapy 

and chemotherapy.4,5 Currently, the main therapy is a radical nephrectomy. However, 

recurrence remains high even after a radical nephrectomy, or a radical nephrectomy 

combined with immunotherapy and targeted therapy as adjunctive therapy.1 Therefore, 

a broadened and deepened understanding of the molecular mechanisms underlying RCC 

progression and a further exploration of novel biomarkers as well as novel therapeutic 

targets for the diagnosis and prognosis of RCC are of high importance.
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Speckle-type POZ protein (SPOP) is a BTB/POZ domain 

protein, which contains a substrate-binding MATH domain 

and a CUL3-binding BTB domain, and has been identified as 

an adaptor for E3 ligase Cullin3 (Cul3).6 It has been indicated 

that dysregulation of the ubiquitin–proteasome pathway is 

involved in cancer pathogenesis.7,8 SPOP has been linked to 

ubiquitination of several substrates in Drosophila and human, 

such as Ci/Gli transcription factor, MacroH2A, death domain-

associated protein (Dax), and steroid receptor coactivator-3.9 

In Drosophila and humans, SPOP knockdown can promote 

the ubiquitination and degradation of the Gli to regulate the 

Hedgehog and tumor necrosis factor pathways.10,11 Further-

more, SPOP genomic locus assays have revealed that a high 

percentage of genomic loss or loss of heterozygosity occurs 

in breast cancers. Restoration of SPOP expression inhibits 

steroid receptor coactivator-3-mediated oncogenic signaling 

and tumorigenesis, thus positioning SPOP as a tumor sup-

pressor in breast cancers.12 In prostate cancer, it has also been 

reported that SPOP is frequently mutated and its expression 

is often downregulated.13–15

However, it has been demonstrated that the SPOP protein is 

overexpressed in 85% of kidney cancers and that ~100% of pri-

mary and metastatic clear cell RCCs (ccRCCs) exhibit SPOP 

accumulation.10 This indicates that SPOP may be a useful 

biomarker to identify ccRCC as the site of primary tumors in 

cases of metastases from an unknown origin. Recently, Li et al 

found that hypoxia could drive the cytoplasmic accumulation 

of SPOP and that the accumulation of SPOP contributed to 

tumorigenesis in ccRCC by connecting a hypoxia response and 

ubiquitin-mediated degradation of tumor suppressors.16 These 

findings suggest that SPOP may be an oncogenic factor in RCC 

and a potential biomarker of or drug target for RCC. Therefore, 

further research to confirm the role of SPOP in RCC and to 

explore its possible mechanism is urgently needed.

In the present study, the comprehensive effects of silenc-

ing SPOP using small interference RNA (siRNA) technology 

on cell apoptosis, colony formation, migration ability, and 

drug sensitivity of RCC cells were assessed. Furthermore, 

a possible mechanism was explored by evaluating the dif-

ferential expression of cytokines and performing a relevant 

signaling pathway analysis.

Materials and methods
cell culture
Human kidney cancer cells A498 and ACHN were pur-

chased from Cell Research Institute of Chinese Academy of 

Sciences (Shanghai, People’s Republic of China). The cells 

were maintained in Dulbecco’s Modified Eagle’s Medium 

(DMEM) supplemented with 10% fetal bovine serum (FBS) 

and cultured at 37°C under 5% CO
2
. As all human kidney 

cancer cells A498 and ACHN samples used in the study were 

purchased, the ethics committee of the Affiliated Hospital of 

Weifang Medical University decided the study did not need 

ethical approval.

cell transfection
Once in the exponential growth phase, the A498 and 

ACHN cells were seeded in a six-well plate at a density 

2×105 and left to attach overnight. The cells were then 

divided into the following groups (four wells per group): 

control group (nontreatment group), negative control 

group (transfected with nonspecific siRNA-SPOP: sense 

5′-UUCUCCGAACGUGUCACGUTT-3′, antisense 

3′-TTAAGAGGCUUGCACAG-5′), and siRNA-SPOP group 

(siRNA1: sense 5′-AGAUCAAGGUAGUGAAAUUUU-3′, 
antisense 3′-AAUUUCACUACCUUGAUCUUU-5′; 
siRNA2: sense 5′-GGUGAAGAGGGAACAGAAAUU-3′, 
antisense 3′-UUCCACUUCUCCCUUGUCUUU-5′). 

The siRNA sequence was constructed by GE Dharmacon 

(GE Healthcare Ltd, Little Chalfont, UK). After washing 

with DMEM free of FBS, the cells were transfected with 

siRNA-SPOP and siRNA-SPOP negative control using Lipo-

fectamine 2000 (Invitrogen, Carlsbad, CA, USA) according 

to the manufacturer’s instructions. After an incubation for 

4 hours at 37°C, the medium was replaced with DMEM 

supplemented with 10% FBS.

Quantitative real-time polymerase chain 
reaction
The silencing efficiency of SPOP at RNA level was assessed 

by quantitative real-time polymerase chain reaction (PCR). 

The glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 

gene served as the internal reference. Total cellular RNA 

was extracted using a TRIZOL reagent (Invitrogen). The 

cDNA was synthesized according to a reverse transcription 

kit (Takara, Kusatsu, Japan). SYBR Green real-time PCR was 

performed using a Light Cycler 2.0 Real-Time PCR System 

(Roche, Basel, Switzerland) with SYBR Green Real-Time 

PCR Master Mix (Toyobo Co., Ltd., Osaka, Japan) according 

to the manufacturer’s instructions. The PCR was initiated 

with a 10-second pre-denaturation at 95°C. Amplification 

was carried out for 40 cycles of denaturation for 10 sec-

onds at 95°C, annealing (SPOP, 62°C; GAPDH, 58°C) for 

5 seconds, and extension for 10 seconds at 72°C. Primers 

were designed by primer 5 and synthesized by SBS Genetech 

Co. Ltd (Beijing, People’s Republic of China). The primer 
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of SPOP was F 5′-GCCCCGTAGCTGAGAGTTG-3′ and 

R 5′-ACTCGCAAACACCATTTCAGT-3′. The primer of 

GAPDH was F 5′-GCACCGTCAAGGCTGAGAAC-3′ and 

R 5′-TGGTGAAGACGCCAGTGGA-3′. The expression 

level was determined by a 2-∆∆Ct analysis.

Western blot
The silence efficiency of SPOP at the protein level was 

assessed by a Western blot. The concentration of total 

protein was measured by a BCA Protein Assay Kit (Keygen, 

Nanjing, People’s Republic of China). Equal amounts (50 μg) 

of lysis proteins were separated on sodium dodecyl sulfate 

polyacrylamide gels. GAPDH was used as an internal load-

ing control. After incubating with the primary antibody for 

anti-SPOP or anti-GAPDH (Santa Cruz Biotechnology, 

Dallas, TX, USA) at a dilution of 1:1,000 at 4°C overnight, 

the membranes were probed with secondary antibodies at 

a dilution of 1:5,000 at room temperature for 2 hours. The 

signals were detected using an enhanced chemiluminescence 

detection system (Multimager; Alpha Innotech, San Leandro, 

CA, USA). The gray value of the protein bands was assessed 

by ImageJ software.17

Cell apoptosis analysis by flow cytometry
Cells in exponential growth were seeded in the six-well 

plate at a density 1×106/mL for 24 hours to enable attach-

ment. After transfecting with the siRNA for 48 hours, the 

cells were digested with 0.25% trypsin and centrifuged at 

5,000× g for 5 minutes. The cell precipitate was washed 

three times with phosphate-buffered saline (PBS) and fixed 

by 70% cold ethanol for 30 minutes on ice. The cells were 

then washed twice with PBS, and the cellular precipitation 

was resuspended and added to 50 μL propidium iodide. After 

incubating for 15 minutes at room temperature in the dark, 

cell cycle distribution was detected by a flow cytometer (Elite 

Esp; Beckman Coulter, Brea, CA, USA).

cell viability assay
The effect of SPOP silencing on cell viability was detected by 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay. Briefly, the cells seeded in the 96-well plate were 

incubated with 0.5 mg/mL MTT (Sigma-Aldrich, St Louis, MO, 

USA) at 37°C for 4 hours. The medium was then removed, and 

150 μL dimethylsulfoxide (DMSO) was added to each well. The 

formazan product was dissolved in the DMSO and measured 

colorimetrically at 490 nm by a microplate reader (Biotek Instru-

ments, Winooski, VT, USA). The background was measured 

at 650 nm after an extraction with 150 μL DMSO.

soft agar colony formation assay
Cells in exponential growth were harvested using 0.25% 

trypsin and resuspended to a single-cell suspension of 

1×106/mL cells with DMEM supplemented with 20% FBS. 

A bottom layer (1.2% low-melt agarose) was prepared 

equally with 2× DMEM supplemented with 15% FBS and 

1.2% low-melt agarose (1:1). A top layer (0.7% low-melt 

agarose) was prepared equally with the same medium and 

0.7% low-melt agarose plus 0.2 mL of the indicated cells. 

After incubating for ~2 weeks at 37°C under 5% CO
2
 in a 

humidified incubator, the numbers of colonies were counted. 

The colony-forming efficiency (%) = colony numbers/cell 

inoculation numbers ×100.

Trans-well migration assay
Cells were adjusted to a single-cell suspension of 5×105/mL 

cells. A 100 μL cell suspension was then placed in each insert 

chamber containing medium free of FBS, while the medium 

in the lower chamber contained 10% FBS. After incubating 

for 6 hours, the chamber was washed twice with PBS, and 

the cells on the apical side of each insert were scraped off 

using Q-tips. The cells that had migrated and attached to 

the lower surface of the insert were fixed with 4% formal-

dehyde and stained with crystal violet for 20 minutes. After 

washing with PBS and air drying, the number of cells that 

had migrated through the Matrigel membrane was counted 

randomly in five scopes under a microscope (×400). The 

migration rate was calculated using the following formula: 

migration rate (%) = the cell migrated numbers/cell inocula-

tion numbers ×100.

Drug sensitivity assay
To assess the chemosensitivity of cells to the chemotherapy 

drug Sorafenib, the cells were seeded on 96-well plates at 

1×104 cells/well in triplicate. They were treated with serial 

concentrations of Sorafenib (0, 3.125, 6.25, 12.5, 25, 50, 

100, and 200 nmol/L) for 24 hours. The cells were then 

treated with CCK-8 for 4 hours according to the CCK-8 kit 

instructions (Dojindo, Kumamoto, Japan). The absorbance 

was measured at 450 nm by a microplate reader (Biotek 

Instruments). The inhibitory rate of Sorafenib on the cells 

was calculated using the following formula: inhibitory rate 

(%) = (1 – A/B) ×100, where A represents the optical density 

value of experimental group and B represents the optical 

density value of control group. The half maximal inhibitory 

concentration (IC
50

) of the cells to Sorafenib was obtained 

from a dose–response curve.
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Protein microarray
The effects of SPOP silencing on the expression of cytokine 

were analyzed by an AAH-CUST-G antibody array 

based on a double-monocloned antibody. Equal amounts 

(50 μg) of proteins were used for the analysis. A total of 

30 cytokine antibodies were immobilized on glass slides: 

chemokine (C-X-C motif) receptor 4 (CXCR4), interleu-

kin (IL)-2, matrix metallopeptidase (MMP)-2, MMP-9, 

stromal cell-derived factor-1 (SDF-1), Survivine, vascular 

cell adhesion molecule (VCAM)-1, vascular endothelial 

growth factor (VEGF), VEGF receptor (VEGFR), L-selectin, 

macrophage colony-stimulating factor, MMP-1, MMP-13, 

granulocyte–macrophage colony-stimulating factor 

(GM-CSF), growth-related oncogene alpha, IL-1 alpha, IL-1 

beta, IL-3, E-cadherin, intercellular adhesion molecule-1, 

IL-6, IL-10, tumor necrosis factor-α, transforming growth 

factor-β, interferon-γ, epidermal growth factor, Angiogenin, 

P-Selectin, hepatocyte growth factor, and brain-derived neu-

rotrophic factor. The procedure was performed according to 

an AAH-CUST-G antibody array kit (RayBiotech, Norcross, 

GA, USA). Briefly, the arrays (membranes) were first blocked 

with blocking buffer at 4°C overnight. After decanting the 

blocking buffer, 100 μL samples were added to each well 

and incubated at 4°C overnight on a shaker. After washing 

four times with a wash buffer (5 minutes per wash), 1 mL 

biotin-conjugated antibody was added and incubated at room 

temperature for 2 hours. After washing, 1 mL horse radish 

peroxidase-conjugated streptavidin was added and then 

incubated at room temperature for 1.5 hours. The fluorescence 

signal was scanned at 532 nm by a GenePix® Microarray 

Scanner (Molecular Devices, Sunnyvale, CA, USA), and 

the signal value was extracted by GenePix 4000B software. 

The signal value was normalized to a positive control.

The analysis of differential genes-related 
signaling pathways
To identify the signaling pathway related to the differential 

cytokines induced by SPOP silencing, a signaling path-

way analysis using KOBAS 2.0 software was performed 

as described in a previous study.18,19 Pathways with false 

discovery rate-corrected P-values 0.05 were considered 

statistically significant.

statistical analysis
Statistical data were expressed as means ± standard deviation. 

Comparisons between the different groups were performed 

using Student’s t-test. P0.05 was considered statistically 

significant. All data were analyzed by SPSS 20.0 software.

Results
The silencing efficiency of SPOP in the 
a498 and achn cells
The expression of SPOP after the transfection with siRNA-

SPOP was detected by quantitative real-time polymerase 

chain reaction and Western blot. As the results show in 

Figure 1A, the SPOP mRNA levels in the A498 cells after the 

transfection with siRNA1 or siRNA2 were 0.023±0.008 and 

7.39±0.19, respectively, which were significantly decreased 

Figure 1 The silencing efficiency of SPOP in A498 and ACHN cells.
Notes: (A and C) The mrna level of SPOP after transfection with sirna-sPOP was detected by qPcr in the a498 and achn rcc cells, respectively. (B and D) The 
protein level of sPOP after the transfection with sirna-sPOP was detected by Western blot in the a498 and achn cells. *P0.05 vs control and #P0.05 vs nc. control 
group: nontreatment group; NC group: transfection with nonspecific siRNA-SPOP.
Abbreviations: sPOP, speckle-type POZ protein; sirna, small interference rna; qPcr, quantitative real-time polymerase chain reaction; rcc, renal cell cancer; nc, 
negative control; gaPDh, glyceraldehyde-3-phosphate dehydrogenase.
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compared with the negative control group (9.35±0.11) and 

the blank control group (9.69±0.12) (P0.01). Consistently, 

the SPOP protein level in the A498 cells (Figure 1B) after the 

transfection with siRNA1 was 0.039±0.011, which was sig-

nificantly lower than that in the siRNA2 group (9.39±0.26), 

negative control group (10.11±0.21), and blank control 

group (9.98±0.09) (P0.01). These results showed that the 

interference efficiency of siRNA1 was superior to siRNA2 

at the mRNA and protein levels. Moreover, no significant 

difference was observed between the negative control group 

and the blank control group. Similar results were found in 

the ACHN cells (Figure 1C and D). Therefore, siRNA1 was 

used for the following transfection experiments.

The effects of sPOP silencing on cell 
apoptosis
The flow cytometry assay showed that the cell apoptosis 

rate in the A498 cells (Figure 2A and B) after being 

transfected with siRNA1-SPOP was 70%±2.34%, which 

was significantly higher than that in the negative control 

group (12.27%±1.76%, P0.05) and the blank control group 

(12.27%±1.76%, P0.05). No significant difference was 

present between the negative control group and the blank 

control group. In addition, similar results were found in the 

ACHN cells (Figure 2A and C). These results suggested 

that SPOP silencing induced the apoptosis of the kidney 

cancer cells. The MTT assay revealed that the transfection 

of siRNA1-SPOP also induced a remarkable decrease in cell 

viability in the A498 and ACHN cells (Figure 2D and E,  

P0.05).

The effects of sPOP silencing on colony 
formation of the kidney cancer cells
Colony formation is considered a key characteristic of cancer 

cells and is commonly used in in vitro cancer research.20 

The results of the colony formation assay showed that the 

colony formation efficiency in the A498 cells after the 

transfection with siRNA1-SPOP was 30%±1.2%, which was 

Figure 2 (Continued)
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significantly reduced compared with the negative control 

group (79%±2.1%) and the blank control group (86%±2.3%) 

(P0.05). There was no significant difference between the 

negative control group and the blank control group. Similarly 

in the ACHN cells, the SPOP silencing markedly reduced 

the colony formation compared with the negative control 

group and the blank control group (Figure 3A and B). These 

results suggested that the SPOP silencing inhibited the colony 

formation of the RCC cells.

The effects of sPOP silencing on the 
migration ability of the kidney cancer 
cells
The results of the trans-well migration assays (Figure 4A 

and B) showed that compared with the negative control 

group (79%±1.9%) and the blank control group (83%±3.1%) 

(P0.01), a significantly decreased migration rate was found 

in the A498 cells after the transfection with siRNA1-SPOP 

(22%±0.3%). No significant difference between the negative 

control group and the blank control group was shown. The 

results in the ACHN cells coincidently displayed that the 

SPOP silencing decreased the cell migration ability.

The effects of sPOP silencing on the 
chemosensitivity of the rcc cells to the 
chemotherapy drug
The results showed that in the SPOP silencing group, the 

IC
50

 of Sorafenib was 12±1.13 nmol/mL. A significant dis-

crepancy (P0.01) was found between the negative control 

group (47±3.16 nmol/mL) and the blank control group 

(50±2.11 nmol/mL). In the ACHN cells, the results were 

similar to the A498 cells (Figure 4C). These data suggest 

that the SPOP silencing increased the chemosensitivity of the 

RCC cells to the chemotherapy drug Sorafenib.

Figure 2 The effects of SPOP silencing on the apoptosis of the A498 and ACHN cells by flow cytometry.
Notes: (A) The flow cytometry analysis of the effects of SPOP silencing on the apoptosis of the A498 and ACHN cells. (B) Quantitative data analysis of the effects of sPOP 
silencing on the apoptosis rate of the a498 cells. (C) Quantitative data analysis of the effects of sPOP silencing on the apoptosis rate of achn cells. (D) Quantitative data 
analysis of the effects of sPOP silencing on the viability of the a498 cells. (E) Quantitative data analysis of the effects of sPOP silencing on the viability of the achn cells. 
*P0.05 vs control and #P0.05 vs nc.
Abbreviations: sPOP, speckle-type POZ protein; nc, negative control; sirna, small interference rna.
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Figure 3 The effects of sPOP silencing on the colony formation of the a498 and achn cells.
Notes: (A) Quantitative data analysis of the effects of sPOP silencing on the colony formation of the cells. (B) representative images of the colony formation of the cells. 
*P0.05 vs control and #P0.05 vs nc.
Abbreviations: sPOP, speckle-type POZ protein; nc, negative control; sirna, small interference rna.

Figure 4 The effects of sPOP silencing on the migration ability and sensitivity to the chemotherapy drug sorafenib of the a498 and achn cells.
Notes: (A) Quantitative data analysis of the effects of sPOP silencing on the migration ability of the cells. (B) representative images of cell migration. (C) Quantitative data 
analysis of the effects of sPOP silencing on the sensitivity of the cells to sorafenib. *P0.05 vs control and #P0.05 vs nc.
Abbreviations: sPOP, speckle-type POZ protein; nc, negative control; sirna, small interference rna; ic50, half maximal inhibitory concentration.

The effects of sPOP silencing on the 
expression of cytokine
The results of the protein microarray demonstrated that, com-

pared with the negative control group and the blank control 

group, the expression of VEGFR, MMP-9, VCAM-1, and 

SDF-1 was markedly downregulated and the expression of 

E-cadherin and GM-CSF was significantly upregulated in 

the SPOP silencing group (P0.05) (Table 1).
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Table 1 The differential genes induced by sPOP silencing

Genes NC (mean) siRNA-SPOP (mean) Fold change (si-SPOP/NC) P-value

MMP9 8,218.2 2,560.2 0.311 0.013
SDF-1 370.5 145.3 0.392 0.036
GM-CSF 6,151.7 7,886.8 1.28 0.043
VCAM-1 10,539.5 4,542.9 0.431 0.039
VEGFR 2,387.7 565.8 0.237 0.022
E-cadherin 2,129.6 6,654.9 3.125 0.019

Abbreviations: sPOP, speckle-type POZ protein; nc, negative control; MMP-9, matrix metallopeptidase-9; sDF-1, stromal cell-derived factor-1; gM-csF, granulocyte–
macrophage colony-stimulating factor; VcaM-1, vascular cell adhesion molecule-1; VegFr, vascular endothelial growth factor receptor.

analysis of the differential cytokines 
involved in the signal pathway
The statistical analysis found that the differential expression 

of cytokines induced by silencing SPOP was significantly 

associated with 40 signaling pathways (P0.05, Table 2). 

Two of the most important pathways were the integrin-

mediated cell surface interactions and extracellular matrix 

organization signaling pathways (P0.001).

Discussion
Recently, various prognostic markers of RCC have been 

discovered on the basis of extensive clinical and basic 

research efforts. However, they are not specific or sensitive 

enough to accurately predict the survival of RCC patients.3,21 

Therefore, finding additional prognostic biomarkers to iden-

tify RCC patients is highly imperative. Several studies have 

demonstrated that SPOP plays important roles during cell 

apoptosis, proliferation, and animal development.10,15 It has 

been reported that SPOP is highly expressed in RCC, but the 

function and mechanism of SPOP involved in RCC remain 

unclear. The current study systematically investigated the 

potential role of SPOP in RCC. The results indicated that 

SPOP gene silencing induced cell apoptosis, decreased 

cell viability, decreased colony formation and migration 

ability, and elevated drug sensitivity in the RCC cells. 

The possible mechanism we demonstrated was that SPOP 

silencing induced the downregulation of VEGFR, MMP-9, 

and VCAM and upregulation of E-cadherin, which were 

related to the integrin-mediated cell surface interactions and 

extracellular matrix organization signaling pathway.

Previous studies found that SPOP is predominately local-

ized in the nucleus of HEK293 cells or normal kidney tissue 

but that it accumulates in the cytoplasm of RCC cells.16,22 

SPOP accumulation in the cytoplasm is found to enhance 

cell proliferation and induce apoptosis in RCC cells.16 

Therefore, in the present study, A498 cells and ACHN cells 

were the RCC cells chosen as the interference cell model. 

Expectedly, SPOP silencing in the A498 cells and ACHN 

cells significantly exacerbated cell apoptosis and decreased 

cell viability. In addition to cell apoptosis, SPOP also plays 

a regulatory role in cell migration and colony formation. 

For example, it has been reported that SPOP overexpression 

suppressed cell migration and clone formation of colorectal 

cancer cells.23 Similarly, SPOP has also been reported to 

inhibit the proliferation and migration of liver cancer cells.24 

On the contrary, the results of the colony formation assay 

in the current study indicated that silencing SPOP inhibited 

the colony formation ability. The trans-well migration assay 

also indicated that silencing SPOP attenuated the migration 

ability of the RCC cells. All the above results demonstrated 

that SPOP exhibited an oncogenic role.

Sorafenib is a novel oral multiple-targeted agent that 

prevents tumor-cell proliferation and tumor angiogenesis by 

inhibiting multiple kinases, such as Raf kinase and VEGFR.25 

Clinical trials have demonstrated that Sorafenib is effective in 

the treatment of patients with advanced renal cell carcinoma 

and significantly prolongs progression-free survival and 

overall survival of these patients.26,27 It has been approved 

to be used in the treatment of patients with advanced RCC. 

The current analysis further assessed the effects of silencing 

SPOP on the sensitivity of RCC cells to Sorafenib. The results 

indicated that silencing SPOP elevated the sensitivity of RCC 

cells to Sorafenib. The current results provide an insight that 

the combined application of Sorafenib and a gene therapy 

targeted to SPOP is likely to exert better clinical treatment 

effects on RCC.

The purpose of this study was to investigate the possible 

mechanism of SPOP in the development of RCC. The dif-

ferential expression analysis revealed that silencing SPOP 

downregulated the expression of VEGFR, MMP-9, VCAM-1, 

and SDF-1, and upregulated the expression of E-cadherin and 

GM-CSF. These cytokines have been reported to be involved 

in the progression of RCC. For example, the VEGFR signal 

transduction pathway contributes to the growth and metas-

tasis of RCC by promoting tumor angiogenesis.28 Sorafenib 

is an efficient inhibitor of VEGFR. This indicates that SPOP 

knockdown might strengthen the sensitivity of RCC cells to 

Sorafenib partly via downregulating VEGFR. Additionally, 
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Table 2 analysis of signaling pathways associated with differential 
expression of cytokines induced by sPOP knockdown

Signaling pathway P-value

integrin cell surface interactions 7.05e-05
extracellular matrix organization 1.11e-04
immunoregulatory interactions between a lymphoid  
and a non-lymphoid cell

0.002

TnF signaling pathway 0.002
leukocyte transendothelial migration 0.003
ePh-ephrin signaling 0.003
Bladder cancer 0.004
Degradation of the extracellular matrix 0.005
VegF ligand–receptor interactions 0.008
VegF binds to VegFr leading to receptor dimerization 0.008
apoptotic cleavage of cell adhesion proteins 0.010
alzheimer disease-presenilin pathway 0.013
alpha9 beta1 integrin signaling events 0.013
nF-kappa B signaling pathway 0.019
rheumatoid arthritis 0.019
syndecan-4-mediated signaling events 0.020
cytokine–cytokine receptor interaction 0.022
interleukin receptor shc signaling 0.025
adherens junctions interactions 0.028
Plasminogen activating cascade 0.028
activation of matrix metalloproteinases 0.028
VegFr2-mediated cell proliferation 0.028
ePha-mediated growth cone collapse 0.029
cytokine signaling in immune system 0.031
apoptotic cleavage of cellular proteins 0.033
axon guidance mediated by slit/robo 0.033
nuclear signaling by erBB4 0.034
sumoylation as a mechanism to modulate ctbp-dependent 
gene responses

0.038

axon guidance 0.038
interleukin-2 signaling 0.041
Pertussis toxin-insensitive ccr5 signaling in macrophage 0.042
g beta:gamma signaling through Pi3K gamma 0.042
interleukin-3 and -5 and gM-csF signaling 0.043
cell adhesion molecules 0.043
ePh-ephrin-mediated repulsion of cells 0.044
apoptotic execution phase 0.045
gPVi-mediated activation cascade 0.045
g-protein beta:gamma signaling 0.045
g-protein signaling through tubby proteins 0.046
Assembly of collagen fibrils and other multimeric 
structures

0.048

Abbreviations: sPOP, speckle-type POZ protein; TnF, tumor necrosis factor; VegF, 
vascular endothelial growth factor; VegFr, VegF receptor; gM-csF, granulocyte–
macrophage colony-stimulating factor; ePh, ephrin; nF, nuclear factor; shc, 
src homology 2 domain-containing transforming protein c; ePha, ephrin 
receptor a; erBB4, erb-b2 receptor tyrosine kinase 4; Pi3K, phosphatidylinositol-4, 
5-bisphosphate 3-kinase; gPVi, glycoprotein Vi.

RCC has a high positive expression of VCAM-1 in com-

parison with other cancers or normal renal tissues. RCC 

may exploit VCAM-1 to escape from immune surveillance 

and attack.29 SDF-1 plays an important role in regulat-

ing RCC organ-specific metastasis via interaction with its 

receptor CXCR4.30 The high expression of MMP-9 in RCC 

is associated with a high frequency of metastases and poor 

survival.31 E-cadherin is the key factor in the epithelial-to-

mesenchymal transition process which is tightly related to 

the metastasis of RCC.32 Furthermore, the relevant signal 

pathway analysis consistently indicated that SPOP might 

be involved in integrin-mediated cell surface interactions 

and extracellular matrix organization signaling pathway 

by inducing differential expression of some cytokines. The 

above data provide insights that SPOP may be involved in 

the progression of RCC by influencing the migration and 

invasion of RCC cells.

Previous studies have found that a hypoxic response medi-

ated through hypoxia-inducible factors (HIFs) is particularly 

important in kidney cancers.33,34 Hypoxia leads to cytoplasmic 

accumulation of SPOP which further induces tumorigen-

esis.16 Meanwhile, several studies have found that HIFs can 

induce the expression of VEGF and CXCR4.35,36 Deregulation 

of HIFs is linked to downregulation of E-cadherin and induc-

tion of the epithelial-to-mesenchymal transition.37 These data 

suggest that the accumulation of SPOP induced by hypoxia 

may be involved in tumorigenesis by further inducing the dif-

ferential expression of some cytokines and provide valuable 

evidence for the further research of the mechanism of SPOP 

in the development of RCC.

This preliminary study has some limitations. More studies 

are warranted to validate and extend the findings of the study. 

The role of SPOP in the chemosensitivity of RCC cells to 

Sorafenib will be further explored by performing a microar-

ray analysis to compare the cells treated with Sorafenib and 

the siRNA1-SPOP-transfected cells treated with Sorafenib. 

Moreover, further studies should also address if the changes 

in the cytokines (VEGFR, MMP-9, VCAM-1, SDF-1, 

E-cadherin, and GM-CSF) were concurrent or downstream of 

SPOP silencing, or upstream regulators of cell apoptosis.

The results from this study suggest that SPOP gene silenc-

ing induces cell apoptosis, decreases cell viability, decreases 

colony formation and migration ability, and elevates drug 

sensitivity in RCC cells. One possible mechanism is that 

silencing SPOP induces differential expression of E-cadherin, 

VEGFR, MMP-9, and VCAM, which are related to the integ-

rin-mediated cell surface interactions and extracellular matrix 

organization signaling pathways. These findings confirm 

the oncogenic role of SPOP in RCC and suggest that RNA 

interference-mediated SPOP silencing may be a promising 

and innovative anticancer therapy for RCC. However, for 

future clinical applications, the specific mechanism of SPOP 

in the progression of RCC needs further research.
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