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Abstract: ARHGAP1, also known as RhoGAP, RhoGAP1, CDC42GAP and p50rhoGAP, 

is officially named Ras homology (Rho) GTPase-activating protein 1, which is one of the 

key members of RhoGAPs. Growing evidences demonstrate that several RhoGAPs are sup-

pressed or downregulated in cancers. Thus, the aim of this study was to explore the effects of 

ARHGAP1 on cervical carcinoma cells. The human cervical carcinoma cells C-33A and SiHa 

were transduced with lentivirus targeting ARHGAP1 (lenti-ARHGAP1). Cellular proliferation, 

migration and invasion assays, as well as quantitative real-time polymerase chain reaction and 

Western blot assays, were performed in the control, negative control (infected with lentivirus) 

and ARHGAP1+-infected groups. Results showed that overexpression of ARHGAP1 markedly 

inhibited the proliferation of both C-33A and SiHa cells at 24 h, 48 h and 72 h in a time-dependent 

manner (n=3, P,0.01). Migration and invasion of C-33A and SiHa cells were suppressed after 

the transduction with lenti-ARHGAP1 compared with the controls (n=3, P,0.01). In addition, 

several tumor cellular process-related proteins, such as matrix metallopeptidase 2, zinc finger 

E-box binding homeobox 1, Cyclin B1, twist family bHLH transcription factor 1 and proliferat-

ing cell nuclear antigen, were all downregulated in ARHGAP1-overexpressed C-33A and SiHa 

cells and proved to be targets of ARHGAP1. This study indicated that ARHGAP1 may have a 

positive function on antitumor activity in the treatment of cervical cancer.

Keywords: cervical carcinoma, ARHGAP1, tumor cellular process-related protein

Introduction
Cervical carcinoma is a cancer arising from the cervix, and it is the fourth most common 

cause of death in women.1,2 Despite the fact that cervical cancer is preventable, this 

tumor currently afflicts ∼5 million women per year, with more than half of them expe-

riencing death, ∼70% of which occur in developing countries.2 Ras homology (Rho) 

GTPase-activating proteins (RhoGAPs) are emerging as a new class of biomarkers for 

various cancers.3 To expand the understanding of the pathogenesis of cervical cancer, we 

embarked a research on the founding member of the RhoGAP family, ARHGAP1, which 

encodes Rho GTPase-activating proteins and is also known as RhoGAP, RhoGAP1, 

CDC42GAP and p50rhoGAP. Growing reports have proved that Rho GTPases are 

involved in various cellular functions and as negative regulators of the Rho proteins; 

RhoGAPs play critical roles in gene expression, cell control, migration, invasion and 

normal development.4,5 In addition, many RhoGAPs, including deleted in liver cancer 

(DLC) and ARHGAP8, are found to be downregulated or deleted in different types of 

cancers.6 It has been proved that by negatively regulating the activity of Rho proteins, 

DLC-1, also known as ARHGAP7, suppresses the growth of cancer cells.7 Further studies 
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have indicated that downexpression of DLC-1 or DLC-2 is 

associated with various cancer types, such as DLC-1 in ovary, 

colon, kidney, prostate, breast and gastric cancers, and DLC-2 

in hepatocellular carcinomas.8,9 Structurally, DLC contains 

a conserved GTPase-activating protein (GAP) for RhoGAP 

domain,8 and the tumor-suppressive function of DLC relies 

on its RhoGAP activity.9 Given that the Rho GTPases are 

well-known regulators of cell migration and may influence 

cell invasion even in metastasis, it is generally supposed that 

the relationship between RhoGAPs and cancer is regulated 

by the Rho pathway,10 while it is unknown whether it can be 

regulated by Rho-independent pathways. To date, although 

specific functions for ARHGAP1 in disease relevance are 

poorly understood, it has been previously proved that ARH-

GAP1 is necessary for transforming growth factor-β-induced 

invasion in cancer cells,11 and it has biochemical GAP activity 

toward Rho and Cdc42.12–14 Moreover, it is generally assumed 

that ARHGAP1 is a potential target of both oncogenic and 

antitumor microRNAs.11,15

In the current study, we provide insights into one of the 

key RhoGAP members, ARHGAP1, and aim to explore the 

association between ARHGAP1 and cervical cancer. C-33A 

and SiHa cell lines were determined as our study target and 

transduced with reconstructed lentivirus targeting ARHGAP1 

(lenti-ARHGAP1). After treatment with the overexpres-

sion of ARHGAP1, cell proliferation was identified by Cell 

Counting Kit-8 (CCK-8), and Transwell assay was performed 

to detect the migration and invasion of cells. Besides, the 

expression levels of several tumor-related genes were deter-

mined by quantitative real-time polymerase chain reaction 

(qRT-PCR) and Western blot. Through the abovementioned 

work, we basically confirmed the function of ARHGAP1 on 

cervical cancer.

Patients and methods
cervical cancer patients and tissues
In this study, 35 patients with cervical cancer admitted 

to the Shanghai First Maternity and Infant Hospital were 

enrolled, with all patients having complete pathological 

and clinical follow-up data. The expression levels of ARH-

GAP1 in cervical cancer tissues and peritumoral tissues 

were detected by qRT-PCR. Tissues were resected when 

the patients were undergoing definitive surgery, with peri-

tumoral tissues being within ∼5 cm of the tumor margin. 

Informed written consent was obtained from all the patients 

or from their advisers according to the ethics committee 

guidelines. Ethical approval for the study was provided by 

the independent ethics committee, Shanghai First Maternity 

and Infant Hospital.

cervical cancer cell culture
Human cervical cancer cells HeLa, CaSKi, C-33A, SiHa 

and C4-1 were obtained from Shanghai Institute of Cellular 

Biology (Shanghai, People’s Republic of China). All the 

cells were cultured in Dulbecco’s Modified Eagle’s Medium 

(DMEM) with 100 U/mL penicillin, 100 μg/mL streptomycin 

and 10% heat-inactivated fetal bovine serum (FBS; Gibco 

BRL, Rockville, MD, USA). In addition, the incubator 

(Thermo Fisher Scientific Inc., Waltham, MA, USA) was 

set to 37°C, 100% humidity and 5% CO
2
.

construction of lentivirus vector and 
overexpression of arhgaP1
The recombinant lentivirus expression vector was gener-

ated by transient cotransduction. The core plasmid pLVX-

AcGFP-C1 (Clontech) was used to construct the recombinant 

plasmids, pLVX-AcGFP-C1-ARHGAP1 and pLVX-AcGFP-

C1-shRNA-ARHGAP1, by double enzyme restriction and 

ligation. The packaging plasmids, psPAX2 and pMD2G, pur-

chased from Addgene Company, together with the recombinant 

plasmids pLVX-AcGFP-C1-ARHGAP1, pLVX-AcGFP-C1-

shRNA-ARHGAP1 or noncarrier plasmid pLVX-AcGFP-C1, 

were transiently transduced into 293T cells (ATCC, Manas-

sas, VA, USA). Thus, the lenti-ARHGAP1 (ARHGAP1+), 

lenti-shRNA-ARHGAP1 (ARHGAP1-), lentivirus (negative 

control, NC) and lenti-shRNA-NC were obtained.

lentivirus transduction
C-33A and SiHa cells in logarithmic growth phase were col-

lected and seeded in 96-well culture plates in triplicate at a 

density of 3×105 cells/well and incubated in 100 μL medium 

undisturbed at 37°C and 5% CO
2
. After culturing for 1 day, 

for each kind of cells, the original medium in triplicate 

was pipetted and replaced with 100 μL DMEM (Hyclone, 

SH30024.01B; control), 100 μL DMEM containing 0.1 μL 

lentivirus (NC) or 100 μL DMEM containing 0.1 μL lenti-

ARHGAP1. Each of the time above was regarded as one 

study group, with cells without transduction as the control 

group. All the transfected cells in different groups were col-

lected and processed for the subsequent cell proliferation, 

Transwell, qRT-PCR and Western blot assays.

cell proliferation assay
CCK-8 (SAB Company, USA) was used to assess the effects 

of ARHGAP1 on the viability of cervical cancer cell. Briefly, 

after transfecting the cells for 0 h, 12 h, 48 h and 72 h, CCK-8 

reagent was added to each group of wells with 1:10 (v/v) per 

100 μL medium. All the cells were further cultured in an 

incubator (37°C, 100% humidity and 5% CO
2
; Thermo Fisher 
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Scientific Inc.) for 1 h. Then, the end point of incubation 

and the cell viability were evaluated. The optical density at 

450 nm was determined for the supernatant of each well by 

a microplate reader. All the experiments were performed at 

least three times.

Transwell assay
For cell migration assay, C-33A and SiHa cells were 

transduced with lentivirus or lenti-ARHGAP1 in triplicate, 

respectively. Different transduction groups were starved 

with serum-free DMEM for 24 h. Cells were digested for 

5 min by 0.25% trypsin (Gibco, Shanghai, People’s Republic 

of China) and resuspended in DMEM containing 1% FBS. 

After counting, cells were diluted to 1×105 cells/mL, seeded 

in a 24-plate Transwell and then continued to incubate for 

48 h. Then, the cells were fixed for 10 min using 1 mL/

well of 4% paraformaldehyde (JRDUN biotech, Shanghai, 

People’s Republic of China), stained with Giemsa (JRDUN) 

for 30 min and washed three times with 1× phosphate-

buffered saline (PBS). Finally, the cells were removed 

from Transwell inserts without migrating cells using a 

cotton swab and placed under 200× microscope (Olympus, 

Shenzhen, People’s Republic of China) for counting the 

number of cells.

For cell invasion, Transwell room with 24-well plates 

and 8 μm pore size (Sigma, San Francisco, CA, USA) 

was washed with 1× PBS for 5 min before the assay was 

performed. The inserts were coated with 80 μL matrigel 

(dilution at 1:2; BD Bioscience). Cells were transferred to 

the upper matrigel chamber with a density of 1×105 cells/

mL in 0.5 mL serum-free medium; meanwhile, the lower 

chamber was added with 0.75 mL complete medium con-

taining 10% FBS as chemoattractants. Cells were incubated 

at 37°C for 48 h. After that, the cells that were able to pass 

through the filter were fixed and stained by 1 mL 0.5% 

crystal violet for 30 min. The numbers of invaded cells in 

five randomly selected high-power fields were counted under 

the microscope.

qrT-Pcr assay
After the transduction with lentivirus (model control) and lenti-

ARHGAP1, the mRNA levels of ARHGAP1 in C-33A and 

SiHa cells were quantified by qRT-PCR, with no transduction 

cells as a control. Total RNA was isolated from cells using Tri-

zol Reagent (Invitrogen, Tokyo, Japan) and detected by agarose 

gel electrophoresis. As the template for PCR reactions, cDNA 

was synthesized from 5 μg of RNA using avian myeloblastosis 

virus reverse transcriptase (Fermentas, Waltham, MA, USA). 

qRT-PCR reactions were performed using SYBR® Green 10× 

Supermix (Takara, Kyoto, Japan) in a 25 μL total volume and 

on Roche Light Cycler® 480II System (Roche Diagnostics Ltd., 

Basel, Switzerland). Primer pairs (Table 1) for human genes 

were designed using the Primer Express Software (Applied 

Biosystems, Shanghai, People’s Republic of China). Glyceral-

dehyde 3-phosphate dehydrogenase (GAPDH) was used as the 

internal control. The PCR procedure was as follows: 95°C for 

10 min, followed by 40 cycles of 95°C for 15 s, 60°C for 45 s; 

one cycle of 95°C for 15 s, 60°C for 1 min; one cycle of 95°C 

for 15 s, 60°C for 15 s. All PCR reactions were performed in 

triplicate, and the relative expression levels of different groups 

were calculated by normalizing to the mRNA expression level 

of GAPDH using ΔΔC
T
 method.

Table 1 Primers used in qrT-Pcr analysis

Gene Primer sequence Species Amplicon 
size (bp)

ARHGAP1 Forward: 5′-cagcgTgTgaTggaaTcag-3′
reverse: 5′-TggaggaaggagccaTaag-3′

human 179

MMP2 Forward: 5′-TTgacggTaaggacggacTc-3′
reverse: 5′-ggcgTTcccaTacTTcacac-3′

human 134

ZEB1 Forward: 5′-gcTgTaagTgccaTTTcTc-3′
reverse: 5′-gTcccagTgTTTcagTTTc-3′

human 159

CCNB1 Forward: 5′-cTccggTgTTcTgcTTcTc-3′
reverse: 5′-gcTgTTcTTggccTcagTc-3′

human 183

Twist Forward: 5′-agTccgcagTcTTacgag-3′
reverse: 5′-gcTTgccaTcTTggagTc-3′

human 228

PCNA Forward: 5′-gccTgacaaaTgcTTgcTgac-3′
reverse: 5′-TTgagTgccTccaacaccTTc-3′

human 223

GAPDH Forward: 5′-cacccacTccTccaccTTTg-3′
reverse: 5′-ccaccacccTgTTgcTgTag-3′

human 110

Abbreviations: ccnB1, cyclin B1; MMP2, matrix metallopeptidase 2; gaPDh, glyceraldehyde 3-phosphate dehydrogenase; Pcna, proliferating cell nuclear antigen; 
qRT-PCR, quantitative real-time polymerase chain reaction; Twist, twist family bHLH transcription factor 1; ZEB1, zinc finger E-box binding homeobox 1.
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Western blot analysis
Cultured or transfected cells were harvested and washed 

twice with PBS. Then, the cells were lysed in ice-cold radio 

immunoprecipitation assay buffer (Beyotime, Shanghai, 

People’s Republic of China) containing 0.01% protease and 

phosphatase inhibitor (Sigma, Shanghai, People’s Republic 

of China) and incubated on ice for 30 min. Cell lysis was 

centrifuged at 12,000× g for 10 min at 4°C, and the proteins in 

supernatant were obtained (20−30 μg) and separated by 10% 

sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

gel, then transferred electrophoretically to a polyvinylidene 

fluoride membrane (Millipore, Shanghai, People’s Repub-

lic of China). The membrane was blocked with 5% bovine 

serum albumin in tris-buffered saline (TBS) and Polysorbate 

20 (also known as Tween 20) and incubated with primary 

antibodies against ARHGAP1 (Ab194425, 1:1,000 dilution; 

Abcam), matrix metallopeptidase 2 (MMP2; Ab92536, 

1:1,000 dilution; Abcam), zinc finger E-box binding homeo-

box 1 (ZEB1; Ab124512, 1:1,000 dilution; Abcam), Cyclin 

B1 (CCNB1; #12231, 1:1,000 dilution; Cell Signaling 

Technology, Inc.), twist family bHLH transcription factor 

1 (Twist; Ab175430, 1:500 dilution; Abcam), proliferating 

cell nuclear antigen (PCNA; Ab92552, 1:5,000 dilution; 

Abcam) and GAPDH (#5174, 1:1,500 dilution; CST). Blots 

were then incubated for 1 h at 37°C with goat anti-mouse or 

anti-rabbit secondary antibody (Beyotime), and the intensities 

were measured using enhanced chemiluminescence (Thermo 

Fisher Scientific Inc.).

statistical analysis
All the experiments were performed with values expressed as 

mean ± standard deviation. Data were analyzed by the median 

and the Kruskal–Wallis test. In all statistical comparisons, 

P,0.05 was considered statistically significant.

Results
lower expression of arhgaP1 in tumor 
tissue than normal tissue
The expression data of ARHGAP1 gene were obtained 

at The Cancer Genome Atlas for the projects of cervical 

carcinoma. As shown in Figure 1A (P,0.001), the mRNA 

expression of ARHGAP1 was much lower in tumor tissues 

than in normal tissues. To verify the biological function of 

ARHGAP1 further, qRT-PCR was used for detecting the 

expression levels of ARHGAP1 in both cervical carcinoma 

and paracancerous tissues from 35 patients. As shown in 

Figure 1B (P,0.001), an obvious increase was observed in 

ARHGAP1 expression of paracancerous tissues compared 

with cervical carcinoma tissues. The results indicated that 

ARHGAP1 possibly play a positive role in inhibiting cervi-

cal carcinoma.

Next, we explored the association between ARHGAP1 

expression and clinical characteristics. Patients with cervi-

cal carcinoma were divided into two groups according to 

the median level of ARHGAP1. Evaluation of ARHGAP1 

expression in 35 patients with cervical carcinoma (Shanghai 

First Maternity and Infant Hospital) with different clinico-

pathological features revealed that the lower ARHGAP1 

expression was correlated with the larger tumor size and 

lymphatic invasion (Table 2). However, we did not find 

any association between ARHGAP1 expression levels and 

other clinical pathological features including patients’ age, 

pathologic stages, distant metastasis and depth of tumor 

invasion (Table 2).

Figure 1 arhgaP1 expression in cervical cancer tissues and their adjacent normal tissues.
Notes: (A) The mrna expression data of ARHGAP1 obtained from Tcga were much lower in tumor tissues than in normal tissues. (B) The expression levels of ARHGAP1 
were lower in cervical carcinoma tissues than in paracancerous tissues. n=3, mean ± standard deviation. ***P,0.001 vs normal or paracancerous tissues.
Abbreviation: Tcga, The cancer genome atlas.
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arhgaP1 expression in cervical 
carcinoma cell lines
As the first step to explore the effects of ARHGAP1 on the 

biology behavior of cervical carcinoma cells, the mRNA 

expression and protein levels of ARHGAP1 in various 

cervical carcinoma cell lines including HeLa, CaSKi, 

C-33A, SiHa and C4-1 were detected by RT-PCR and 

Western blot, respectively. Results showed that ARHGAP1 

mRNA expression in C-33A and SiHa cell lines was mark-

edly lower than the others and was highest in HeLa cells 

(P,0.001). Unsurprisingly, the protein levels of ARHGAP1 

in C-33A and SiHa cells were also much lower than the 

others, with the C-33A cell presenting the lowest protein 

level (Figure 2A and B).

expression of arhgaP1 in cervical 
carcinoma cells after transduction
To detect whether the recombinant lenti-ARHGAP1 was 

constructed successfully, Western blot assay was performed 

in C-33A and SiHa cells. The ARHGAP1 levels of the control 

and lentivirus-transfected cells were substantially identical, 

Table 2 correlation between the expression of arhgaP1 and 
clinicopathologic features

Clinicopathological 
parameter

ARHGAP1 P-value

Low-ARHGAP1 
group (number 
of patients)

High-ARHGAP1 
group (number 
of patients)

age (years) 0.551
,54 13 9
.54 6 7

size (cm2) 0.025
,5 12 5
.5 13 5

lymphatic invasion 0.001
Yes 20 8
no 5 2

Pathologic stages 0.387
i 6 4
ii 15 10

Distant metastasis 0.272
Yes 6 7
no 14 8

Depth of tumor 
invasion

0.185

T1 + T2 11 8
T3 + T4 6 10

Figure 2 arhgaP1 expression in cervical carcinoma cell lines.
Notes: (A) ARHGAP1 mrna expression was determined by qrT-Pcr in hela, casKi, c-33a, siha and c4-1 cell lines. (B) Protein levels of ARHGAP1 were determined 
by Western blot in hela, casKi, c-33a, siha and c4-1 cell lines. (C) expression of ARHGAP1 protein in c-33a cell lines following transduction with lenti-arhgaP1. 
(D) expression of ARHGAP1 protein in siha cell lines following transduction with lenti-arhgaP1. (E) expression of ARHGAP1 protein in hela cell lines following transduction 
with lenti-shrna-arhgaP1. n=3, mean ± sD. ***P,0.001 vs hela cells.
Abbreviations: gaPDh, glyceraldehyde 3-phosphate dehydrogenase; lenti-arhgaP1, lentivirus targeting arhgaP1; nc, negative control; qrT-Pcr, quantitative real-
time polymerase chain reaction; shnc, shrna-nc.
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both of which were declined notably in comparison with 

the lenti-ARHGAP1-transfected cells. In addition, this 

result occurred in both C-33A (Figure 2C) and SiHa cells 

(Figure 2D), while lenti-shRNA-ARHGAP1-transfected 

HeLa cells showed significantly decreased expression 

of ARHGAP1 (Figure 2E), suggesting that ARHGAP1 

overexpression and knockdown system were achieved and 

could be used for the subsequent studies.

Figure 3 cell survival was assessed by ccK-8 assay.
Notes: (A) The growth of c-33a cells was markedly obstructed by ARHGAP1 overexpression in a time-dependent manner. (B) The mean cell proliferation rates of c-33a 
cells that were transfected with lenti-ARHGAP1 for 72 h were significantly weakened. (C) The growth of siha cells was markedly obstructed by ARHGAP1 overexpression 
in a time-dependent manner. (D) The mean cell proliferation rates of SiHa cells that were transfected with lenti-ARHGAP1 for 72 h were significantly weakened. (E) The 
growth of hela cells was markedly increased by ARHGAP1 knockdown in a time-dependent manner. (F) The mean cell proliferation rates of hela cells that were transfected 
with lenti-shRNA-ARHGAP1 for 72 h were significantly increased. n=3, mean ± sD. ***P,0.001 vs control groups.
Abbreviations: ccK-8, cell counting Kit-8; OD, optical density; lenti-arhgaP1, lentivirus targeting arhgaP1; nc, negative control; shnc, shrna-nc.
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arhgaP1 overexpression inhibited cell 
viability of c-33a and siha cells
The effects of ARHGAP1 overexpression on the cell 

growth and proliferation of C-33A and SiHa cell lines were 

measured by CCK-8 assay. The results showed that after 

transduction for 24 h, 48 h and 72 h, the cell viability of 

both C-33A and SiHa cells was weakened markedly in the 

lenti-ARHGAP1 group in a time-dependent manner (n=3, 

P,0.001), compared with that of unprocessed control 

cells and lentivirus-transduced cells (Figure 3A and C). 

The mean cell proliferation rates of C-33A and SiHa cells 

that were transfected with lenti-ARHGAP1 for 72 h were 

significantly obstructed compared with that of the controls 

(n=3, P,0.001; Figure 3B and D). However, the mean 

cell proliferation rates of HeLa cells that were transfected 

with lenti-shRNA-ARHGAP1 for 72 h were significantly 

increased compared with that of the controls (n=3, P,0.001; 

Figure 3E and F).

arhgaP1 overexpression inhibited cell 
migration and invasion of c-33a and 
siha cells
To figure out the effects of ARHGAP1 on cell invasion and 

migration of C-33A and SiHa cells, the Transwell assays were 

performed, and the results are shown in Figure 4. Compared 

with the control and NC groups, treatment with ARHGAP1 

obviously suppressed the migration ability of C-33A cells 

(Figure 4A), and the number of migrating C-33A cells in the 

abovementioned three groups was 125±8, 116±7 and 73±7, 

respectively (Figure 4B). Not surprisingly, the migration 

ability of SiHa cells was inhibited, too (Figure 4C), with 

the number of migrating SiHa cells in the control, NC and 

ARHGAP1+ groups being 116±6, 107±6 and 58±6, respec-

tively (Figure 4D). However, the migration ability of HeLa 

cells was increased, with the number of migrating HeLa cells 

in the control, NC and ARHGAP1- groups being 106±8, 

105±10 and 235±9, respectively (Figure 4E and F).

Figure 4 effects of arhgaP1 on migration of both c-33a and siha cells.
Notes: (A) Migration ability of C-33A cells was identified by Transwell assay in different groups. (B) The number of migrating c-33a cells was markedly declined by ARHGAP1 
overexpression. (C) Migration ability of SiHa cells was identified by Transwell assay in different groups. (D) The number of migrating siha cells was markedly declined by 
ARHGAP1 overexpression. (E) Migration ability of HeLa cells was identified by Transwell assay in different groups. (F) The number of migrating hela cells was markedly 
increased by ARHGAP1 knockdown. n=3, mean ± sD. **P,0.01, ***P,0.001 vs control groups. (A, C, E) magnification ×200.
Abbreviations: nc, negative control; shnc, shrna-nc.
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Similar results were observed in Transwell invasion assays. 

After transduction with lenti-ARHGAP1, the invasion ability 

of both C-33A and SiHa cells was suppressed (Figure 5A and 

C), with the invasion number of lenti-ARHGAP1-transfected 

cells was 48±4 and 29±3, respectively, much less than the 

controls (Figure 5B and D). After transduction with lenti-

shRNA-ARHGAP1, the invasion ability of HeLa cells was 

increased (Figure 5E), with the invasion number of lenti-

shRNA-ARHGAP1 transfected cells was 108±3, much higher 

than the controls (60±4; Figure 5F). All the results suggested 

that the overexpression of ARHGAP1 played a negative role 

in cell migration and invasion of C-33A and SiHa cells.

arhgaP1 overexpression caused 
downregulation of several tumor-related 
genes in c-33a and siha cells
To clarify the mechanism of biological behavior of C-33A 

and SiHa cells induced by ARHGAP1, the mRNA expres-

sion and protein levels of several tumor-related genes in 

C-33A and SiHa cells were detected by qRT-PCR and 

Western blot, respectively. As revealed in Figure 6A and B, 

ARHGAP1 overexpression evidently decreased both the 

mRNA expression and protein levels of all the proteins, 

including MMP2, ZEB1, CCNB1, Twist and PCNA in 

C-33A cells. Likewise, the same effects of ARHGAP1 on all 

the proteins were occurred in SiHa cells (Figure 6C and D). 

However, ARHGAP1 knockdown evidently increased both 

the mRNA expression and protein levels of all the proteins, 

including MMP2, ZEB1, CCNB1, Twist and PCNA in HeLa 

cells (Figure 6E and F). In addition, the results indicated that 

the way ARHGAP1 impaired the cell proliferation, invasion 

and migration probably may be via MMP2, ZEB1, CCNB1, 

Twist or PCNA.

Discussion
ARHGAP1 was first isolated from human spleen tissue. 

As the founding member of RhoGAP family, ARHGAP1 

is officially named Rho GTPase-activating protein 1.12,16,17 

Figure 5 effects of arhgaP1 on invasion of c-33a and siha cells.
Notes: (A, B) After transduction with lenti-ARHGAP1, invasive ability and the number of invasive C-33A cells were identified by Transwell invasion assay. (C, D) effects 
of ARHGAP1 overexpression on invasion of siha cells. (E, F) after transduction with lenti-shrna-arhgaP1, invasive ability and the number of invasive hela cells were 
identified by Transwell invasion assay. n=3, mean ± sD. ***P,0.001 vs control groups. (A, C, E) magnification ×200.
Abbreviations: lenti-arhgaP1, lentivirus targeting arhgaP1; nc, negative control; shnc, shrna-nc.
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With the involvement of RhoGAPs in cancer phenotypes 

that are becoming increasingly apparent, most studies have 

been exploring the link of Rho GTPases in all stages during 

cancer progression.18,19 However, currently, most relation-

ships between RhoGAP proteins and various kinds of cancers 

have not been characterized, and thus, we need a thorough 

scan to determine the functions of RhoGAPs in different types 

of cancers. In addition, as the founding member of RhoGAPs, 

ARHGAP1 may act as a study example.

In the current study, we found that ARHGAP1 of patients 

with cervical cancer showed higher expression in normal 

tissues than in tumor tissues, and decreased ARHGAP1 

Figure 6 effects of arhgaP1 on the protein expressions of MMP2, ZeB1, ccnB1, Twist and Pcna in c-33a and siha cells.
Notes: (A) ARHGAP1 overexpression evidently decreased the mrna expression of all the genes in c-33a cells. (B) The protein levels of all the proteins were declined in 
c-33a cells. (C) ARHGAP1 overexpression evidently decreased the mrna expression of all the genes in siha cells. (D) The protein levels of all the proteins were declined 
in siha cells. (E) ARHGAP1 knockdown evidently increased the mrna expression of all the genes in hela cells. (F) The protein levels of all the proteins were increased in 
hela cells. n=3, mean ± sD. **P,0.01, ***P,0.001 vs control groups.
Abbreviations: ccnB1, cyclin B1; gaPDh, glyceraldehyde 3-phosphate dehydrogenase; MMP2, matrix metallopeptidase 2; Pcna, proliferating cell nuclear antigen; nc, 
negative control; shNC, shRNA-NC; Twist, twist family bHLH transcription factor 1; ZEB1, zinc finger E-box binding homeobox 1.
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expression was correlated with the larger tumor size and lym-

phatic invasion, which was consistent with our bioinformatics 

analysis results and the existing reports. Overexpression of 

ARHGAP1 markedly inhibited the cell viability and suppressed 

the cell capability of migration as well as invasion in the two 

cell lines. Our results mentioned earlier reveal a basis for the 

functions of ARHGAP1 on cervical cancer. Currently, there 

are no reports about the function of ARHGAP1 in cervical 

cancer, while several reports are available on the role of 

ARHGAP1 and its family members in breast cancer, liver 

cancer and several other cancers. Therefore, transduction 

of ARHGAP1 into MCF7 cells (human breast adenocarci-

noma cell line) can significantly inhibit cell growth,20 which 

means that ARHGAP1 may play a negative role in cancer cell 

viability. Besides, there were reports that DLC-1 can sup-

press cancer cell growth,7 and the downexpression of DLC-1 

or DLC-2 is associated with various cancer types, such as 

DLC-1 in ovary, colon, kidney, prostate, breast and gastric 

cancers, and DLC-2 in hepatocellular carcinomas.8,9 In addi-

tion, Holeiter et al21 demonstrated that depletion of DLC3 (the 

Rho-specific protein) leads to mislocalization of E-cadherin 

and catenins, which is associated with impaired cell aggrega-

tion and increased migration. Liu et al22 proved that leukocyte 

migration is regulated by the motorized RhoGAP myosin 

IXB (Myo9b) through controlling RhoA signaling. Overall, 

these findings identify ARHGAP1 as a novel component of 

the antitumor machinery without tumor specificity. However, 

Xu et al reported that ArhGAP1 can promote the transcription 

function of p53, which indicates that ARHGAP1 genes likely 

function as tumor suppressors.6

To explore the mechanism at the molecular level, the 

levels of MMP2, ZEB1, CCNB1, Twist, and PCNA genes 

in C-33A + ARHGAP1 and SiHa + ARHGAP1 cells were 

detected by qRT-PCR and Western blot and resulted to be 

decreased. Ran et al23 found that the downregulation of ZEB1 

expression may reduce the proliferation and motility of cervi-

cal cancer cells, suggesting that ZEB1 might be a potential 

therapeutic target for cervical cancer. Besides, CCNB1 

depletion or stable gene silencing of CCNB1 inhibits pro-

liferation and induces apoptosis in human tumor cells.24,25 

Twist gene in the cervical cancer cell, CaSKi, is highly 

expressed and the silent Twist gene could inhibit the cell 

proliferation of CaSKi and promote its apoptosis.26 All the 

abovementioned reports showed a common point that the 

downregulation of ZBE1, CCNB1 and Twist inhibits the can-

cer cell proliferation, indicating that the inhibition of cervical 

cancer cell viability by ARHGAP1 overexpression may be via 

ZBE1, CCNB1 and Twist. In addition, it is well known that 

matrix metalloproteinases (MMPs) play a critical role in the 

development and invasion of tumor. As a member of MMPs, 

MMP2 is a secreted or membrane-associated protein, capable 

in digesting extracellular matrix components, and may have 

a role in the migration of tumor cells during invasion.27,28 In 

addition, Moroz et al29 proved that it is through the down-

regulation of MMP2 and MMP9 that human prostate cancer 

cell invasion is inhibited by finasteride. Neoplastic cells and 

stromal fibroblastic cells undergoing activation of ZEB1 

and Twist due to growth factors produced by the tumor are 

transformed after treatment with epithelial–mesenchymal 

transition (EMT).30 However, epithelial expression of twist is 

associated with a poor prognosis, hinting at its importance in 

the spread of breast carcinoma.23,30 Carcinomas metastatic to 

the lung showed a significantly higher expression of involve-

ment of ZEB1 and twist in EMT in primary lung tumors than 

primary lung tumors, indicating the probable importance of 

ZEB1 and Twist in the metastatic process.31 Positive Twist 

expression seems to be a useful marker in patients with cervi-

cal cancer likely to have an unfavorable clinical outcome.32 

Upregulation of PCNA is closely associated with high-risk 

human papillomavirus and progression of cervical intraepi-

thelial neoplasia, but does not predict disease outcome in 

cervical cancer.33 PCNA protein expression increases dur-

ing cervical tumorigenesis.34 Overall, the way ARHGAP1 

impaired the cell invasion and migration probably may be 

via MMP2, Twist or PCNA.

Conclusion
Our findings suggest that the overexpression of ARHGAP1 

markedly inhibited the proliferation of cervical cancer cells 

in a time-dependent manner and suppressed the migration 

and invasion of cancer cells indicating that ARHGAP1 was 

a tumor suppressor for cervical cancer. Furthermore, several 

tumor cellular process-related proteins were downregulated 

in ARHGAP1-overexpressed C-33A and SiHa cells, which 

proved to be targets of ARHGAP1. This study implied that 

ARHGAP1 was a novel factor of antitumor activity and had 

a positive function on antitumor activity in the treatment of 

cervical cancer.
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