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Introduction: ARHGAP10 belongs to the ARHGAP family, which is downregulated in

certain human tumors. However, the detailed function of ARHGAP10 remains unclear in

human colon carcinoma (CRC). In the current study, we aimed to explore the role of

ARHGAP10 in the growth and metastasis of CRC cells.

Methods: ARHGAP10 was induced silencing and overexpression using RNA interference

(RNAi) and lentiviral-vector in CRC cells. Quantitative real-time PCR (qRT-PCR) and

Western blot were used to quantify the mRNA and protein contents of ARHGAP10. Cell

proliferation was determined by using Cell counting kit-8 (CCK-8). Transwell assay was

utilized to examine the role of ARHGAP10 in the migration and invasion of CRC cells.

Results: Our results indicated that ARHGAP10 was downregulated in human CRC tissues

and low expression of ARHGAP10 was associated with poor prognosis of patients with

CRC. Moreover, ARHGAP10 overexpression significantly inhibited the proliferation and

metastasis of CRC cells. Moreover, a PI3K/AKT inhibitor LY294002 was utilized to examine

the connection between ARHGAP10 and AKT. Our findings demonstrated that the AKT

inhibitor LY294002 could rescue the function of ARHGAP10 in CRC cells.

Discussion: It was the first time to elucidate that AKT involved in the ARHGAP10

signaling pathway and ARHGAP10 negatively mediated the phosphorylation of AKT

(p-AKT) and RhoA activity in CRC cells. Interestingly, the Rho/MRTF/SRF inhibitor

CCG-1423 significantly inhibited the phosphorylation of AKT in ARHGAP10 siRNA

transfected CRC cells. Much importantly, overexpression of ARHGAP10 deeply suppressed

the metastasis of CRC cells in the lung in vivo. Taken together, our findings not only

enhanced the understanding of the anti-cancer effect of ARHGAP10 in CRC cells but also

indicated its underlying pathway in CRC.

Keywords: ARHGAP10, AKT, RhoA activity, colon carcinoma

Introduction
Human colon carcinoma (CRC) is one of the major malignant cancers all over the

world, which is a serious threat to human life.1 Due to the high mortality and

incidence of CRC, the outcomes of chemotherapy and surgical resection are far

from satisfactory. The 5-year overall survival rate of CRC patients is less than

11%.2 However, the underlying mechanism of CRC is rather less well understood.

ARGHGAP10 (RhoGTPase Activating Protein 10), also known as ARHGAP21,

contains an N-terminal PDZ domain, a central pleckstrin homology (PH) domain and

a C-terminally located Rho-GAP domain.3,4 It has been confirmed that Rho-GAP
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domains catalyze the transformation of active GTP-bound

forms of small Rho-family GTPases to their inactive GDP-

bound forms.5 Previous report has indicated that

ARHGAP10 processes the GAP activity for RhoA and

RhoC in the progression of prostate cancer progression.6

Moreover, ARHGAP10 has suppressed the migration of

glioblastoma cells via mediating the activity of FAK.7

Further, overexpression of ARHGAP10 deeply inhibits the

metastasis and proliferation of lung cancer cells and reduces

tumorigenicity of ovarian cancer cells.8,9 However, the

detailed function of ARHGAP10 is less investigated in CRC.

RhoA (Ras homologue family member A) is a member of

small GTPases of the Rho family, which is a molecular switch

that cycle between a GTP-bound active form and a GAP

inactive form.10 The activation of RhoA plays a crucial role

in actin cytoskeletal re-arrangement and contributes to the

progression and invasion of CRC cells.11,12 Recently, evidence

have identified that inactive RhoA promotes the progression

and metastasis of CRC cells through enhancing the activity of

Wnt/MYC signaling and presents tumor suppressor

activity.13,14 Therefore, the more precise molecule mechanism

of RhoA in CRC metastasis needs to be further investigated.

PI3K/AKT-signaling pathway is often hyper-activated

in human CRC, which promotes the proliferation and

metastasis of CRC cells.15,16 Thus, targeting AKT is

reported as a promising anti-cancer strategy.17 It has

been demonstrated that AKT phosphorylation (p-AKT)

mediated the activation of RhoA in mouse embryos.18

Further, PI3K/AKT has been found downstream to RhoA

in myoblast.19 However, the detailed connection between

RhoA and AKT in CRC cells has not been confirmed yet.

In the present research, we induced silencing and over-

expression of ARHGAP10 in CRC cells. Moreover, a PI3K/

AKT inhibitor LY294002 was utilized to examine the con-

nection between ARHGAP10 and AKT. Our analyses not

only enhanced the understanding of ARHGAP10 but also

indicated its potential signaling pathway in CRC cells.

Materials and Methods
Human CRC Tissues
The human CRC and adjacent-matched noncancerous tissues

(n=80) were provided by Guanghua Hospital of Integrated

Traditional Chinese and Western Medicine, Shanghai, China.

Moreover, all CRC patients involved in the retrospective study

were diagnosed and treated at the Guanghua Hospital of

Integrated Traditional Chinese andWesternMedicine between

May 2007 and April 2008. There were 43 men and 37 women

enrolled in the present study, ranging in age from 33 to 73

years. The patients were followed up every 3 months after

curative resection by an experienced nurse on clinic or by

telephone interview. All patients were written informed con-

sent. Our research was approved by the independent ethics

committee of Guanghua Hospital of Integrated Traditional

Chinese and Western Medicine, Shanghai, China and was in

accordance with the Declaration of Helsinki.

Cell Culture
Five human CRC cell lines (CACO2, RKO, HCT116, HT29

and LOVO) and one nonmalignant colon cell line FHC were

purchased from the cell bank of the Shanghai Biology Institute

(Shanghai, China). Among them, RKO, HCT116 and HT-29

cells have constitutive active PI3K, Cells were seeded in

DMEM (SH30243.01, Hyclone, USA) and cultured in a 5%

CO2 atmosphere at 37 °C. The AKT inhibitor LY294002

(25μmol/L; S1105, Selleck, USA) and the RhoA inhibitor

CCG-1423 (1μmol/L; S7719, Selleck, USA) were dissolved

in DMSO (D2650, Sigma, USA) and used to culture cells.

Immunohistochemistry Staining
The tissue sections were fixed in methanol (4%) for 30 min.

Then, eliminated endogenous peroxidase activity was

eliminated through incubating with H2O2 (3%) for 10 min.

After that, the primary antibodies of ARHGAP10 (55139-

1-AP, Proteintech, USA) were used to incubate the tissue

sections at room temperature for 1h, followed by incubation

with the HRP-labelled secondary antibody for 30 mins.

Then, the sections were stained by DAB and re-stained by

hematoxylin for 3 mins. An upright microscope (ECLIPSE

Ni, NIKON, Japan) was used to take an image and analyzed

by using the Microscopic image analysis system (DS-Ri2,

NIKON, Japan), magnification, 200×. The high expression

of ARHGAP10 was defined by the positive stain of tumor

cells above 25% and the low expression was defined by the

positive stain of tumor cells less than 25%.

Real-Time PCR
Total RNAwere isolated from cell or tissue samples using the

TRIzol Reagent kit (1596–026, Invitrogen, USA) and con-

verted to the complementaryDNA (cDNA) by using a cDNA

synthesis kit (#K1622, Fermentas, Canada). Analyses were

established on a Real-time Detection (ABI-7300, ABI, USA)

using SYBR Green master mix (#K0223, Thermo, USA).

The conditions of thermo-cycling were set as follows: 95°C

for 10 mins followed by 40 cycles of 95°C for 15 s, 60°C for

45 s. 2−ΔΔCt method was used to quantify the relative gene
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expression. GAPDH was used as a control for mRNAs,

whereas the RNU6B (U6) gene as a control for miRNAs.

Three replications were needed for all reactions. Primer

sequences were presented in Supplementary File 1.

Western Blot
Total protein was extracted using RIPA lysis buffer (JRDUN,

Shanghai, China). BCA protein assay kit (PICPI23223,

Thermo Fisher, USA) was utilized to measure total protein.

Proteins that were adjusted to equal content (25μg) were

fractionated in 10% SDS-PAGE and subsequently trans-

ferred onto PVDF nitrocellulose membrane (HATF00010,

Millipore, USA) for 12h. Then, the membranes were probed

with the primary antibodies at 4°C overnight followed by the

appropriate HRP-conjugated goat anti-rabbit IgG (A0208,

Beyotime, China) at 37°C for 60 min. Protein signals were

detected using a chemiluminescence system (5200, Tanon,

China). GAPDH served as an endogenous reference. Each

analysis was established in triplicate. The product informa-

tion of primary antibodies is listed in Supplementary Table 2.

Silencing and Overexpression of

ARHGAP10
Three short interfering RNAs (siRNA) targeted to different

regions of human ARHGAP10 (NM_024605.3) and

a scramble siRNA (siNC) were linked with Lentiviral vector

(pLKO.1). Then, the recombined vectors transiently trans-

fected in degenerative NP cells, respectively, by

Lipofectamine 2000 (Invitrogen, USA). The sequence infor-

mation of siUSP15s is listed in Supplementary Table 1.

Meanwhile, pLVX-puro vector contained the full

length of ARHGAP10 (NM_024605.3) cDNA sequence

(oeARHGAP10) was transiently transfected in degenera-

tive NP cells. The mock plasmid (oeNC) was functioned

as a negative control (oeNC). Analyses were established at

48h after being transfected.

Cell Proliferation
Cell proliferation profile was examined by using Cell counting

kit-8 (CCK-8) (CP002, SAB, USA) following the instruction

given by the manufacturer. The OD450 value was quantified

by a microplate reader (DNM-9602, Pulangxin, China). Three

replications were needed for each time point.

Transwell
Cells were serum-starved in free-serum DMEM for 24h.

Then, cells were filled in the upper transwell chamber

(3422, COSTAR, USA) with (invasion assay) or without

(migration assay) Matrigel-coated (BD Biosciences, MA).

Then, 700 µL of medium supplemented with 10% fetal

bovine serum (16000–044, GIBCO, USA) was injected

into the lower chambers. After incubating at 37°C for

24h (migration assay) and 48h (invasion assay), cells

were fixed in 4% formaldehyde for 10mins and followed

by staining with 0.01% crystal violet (C8470, Solarbio,

China) for 30mins. Then, the cells were photographed and

counted under the microscope, magnification, 200× (XDS-

500C, Caikon, Shanghai, China).

Rho GTPase Activation Assays
Cells were washed with ice-cold PBS and lysed and incu-

bated with 30μg glutathione S-transferase–Rho binding

domain of rhotekin (GST-RBD) beads (Cytoskeleton,

Denver, CO, USA) for 1 h at 4 °C. Then, bound Rho

proteins were analyzed by immunoblotting using an anti-

RhoA antibody (Ab54835, Abcam, UK) after the beads

being washed twice with washing buffer.

Animal Experiments
An equal number (1 ×106) of HT29 cells that transfected

with oeNC and oeARHGAP10 were harvested and re-

suspended in PBS, and subsequently intravenously

injected through the tail vein into 5–6-week-old female

BALB/c nude mice (weight: 16–18g, n=21 per group).

Hematoxylin and eosin (H&E) was used to stain lung

tissues removed from the xenograft mice (n = 6) on day

21. Mouse survival was examined daily for a total of 80

days and each injected group contained 15 nude mice.

Animal experiments were approved by the institutional

ethical committee of Guanghua Hospital of Integrated

Traditional Chinese and Western Medicine and established

according to the legal requirements. All procedures were

followed by the laboratory animal’s welfare guidelines of

Guanghua Hospital of Integrated Traditional Chinese and

Western Medicine, Shanghai, China.

Statistical Analysis
Statistical analyses were performed by using GraphPad

Prism software Version 7.0 (CA, USA). All data represented

as means ± SEM from three independent experiments.

Statistical significance was assessed by using Student’s

t-test and one-way analysis of variance (ANOVA).

Statistically significant was accepted as the p-value <0.05.
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Results
Low Expression of ARHGAP10 Is

Associated with Poor Prognosis of

Human CRC Patients
The relative mRNA level of ARHGAP10 was examined in

80 pairs of human CRC and adjacent-matched tissues. Our

results suggested that the level of ARHGAP10 was sig-

nificantly downregulated in CRC tissues than that in nor-

mal tissues (Figure 1A). Moreover, Immunohistochemistry

assay was established to quantify the protein content of

ARHGAP10 in human CRC or matched-normal tissues.

Thirty-four tumor tissues presented high expression of

ARHGAP10, whereas 46 cases showed low expression

of ARHGAP10 (Figure 1B). Further, Kaplan-Meier over-

all survival (OS) curves for patients who had undergone

curative surgery (n=80). As presented in Figure 1C, the

OS of the low-ARHGAP10 group was much worse than

the high-ARHGAP10 group. Therefore, the low expres-

sion of ARHGAP10 indicated the poor prognosis of CRC.

Silencing and Overexpression of

ARHGAP10 in CRC Cells
To further assess the function of ARHGAP10, we quanti-

fied the level of ARHGAP10 in six CRC cells, including

CACO2, HCT116, HT29, LOVO, RKO and FHC.

Obviously, both the relative mRNA and protein levels of

ARHGAP10 were much lower in HT29 and RKO cells.

Meanwhile, the level of ARHGAP10 was significantly

increased in HCT116 and FHC cells (Figure 2A and B).

Next, three short interference RNAs (siRNA) that target

different regions of human geneARHGAP10 (NM_024605.3)

were transfected into HT116 cells, respectively

(siARHGAP10-1, siARHGAP10-2 and siARHGAP10-3).

A scramble siRNA served as a negative control (siNC). The

relativemRNA and protein levels of ARHGAP10were deeply

reduced in siARHGAP10s-transfected cells (Figure 2C and

D). Therefore, all the ARHGAP10-1 siRNAs were well func-

tioned to reduce the expression of endogenous ARHGAP10 in

CRC cells.

Moreover, the full length of ARHGAP10 cDNA was

inserted into the lentiviral vector (pLVX-Puro) and then

the recombined vector (oeARHGAP10) was transfected

into HT29 and RKO cells, respectively. A mock plasmid

was transfected as a negative control (oeNC). As presented

in Figure 2E and F, the level of ARHGAP10 was signifi-

cantly upregulated in HT29 and RKO cells that transfected

oeARHGAP10. Therefore, the oeARHGAP10 transfected

cells were used in the following analyses.

Overexpression of ARHGAP10 Inhibited

the Proliferation and Metastasis of CRC

Cells
Then, CCK-8 assay was performed to determine the pro-

liferation of HT29 and RKO cells that transfected with

oeARHGAP10, respectively. The proliferation rate of

Figure 1 ARHGAP10 was downregulated in human CRC tissues. (A) The relative mRNA level of ARHGAP10 examined in human CRC and normal (n=20) tissues. ***p < 0.001

vs Normal. (B) Immunohistochemistry (IHC) assay was performed to examine the protein content of ARHGAP10 in human CRC or normal tissues, magnification, 200×. (C)

Kaplan-Meier overall survival (OS) curves for patients who had undergone curative surgery (n=80).
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oeARHGAP10 transfected cells showed no significant dif-

ference than that in oeNC transfected cells within 12h in

two cell lines. After incubating for 48h, the proliferation

rate of HT29 or RKO cells was significantly decreased by

oeARHGAP10 (Figure 3A and B).

Next, we examined the migration and invasion of

oeARHGAP10 transfected cells by using Transwell assay.

Importantly, our results suggested that overexpression of

ARHGAP10 significantly suppressed the migration and

invasion of HT29 and RKO cells that transfected with

oeARHGAP10 (Figure 3C and D). Thus, ARHGAP10 pos-

sessed the anti-metastasis property in human CRC cells.

Matrix metalloproteinases 2 (MMP2) and MMP9

belong to proteolytic enzyme family, which promote the

metastasis of human CRC cells.20–22 In the current ana-

lyses, we also quantified the protein contents of MMP2

and MMP9 in oeARHGAP10 transfected cells. Both

MMP2 and MMP9 were decreased in oeARHGAP10

transfected cells. Therefore, ARHGAP10 might target

MMP2 and MMP9 in regulating the metastasis of CRC

cells. More importantly, overexpression of ARHGAP10

deeply inhibited the phosphorylation of AKT (p-AKT) in

HT29 and RKO cells (Figure 3E and F).

The PI3K/AKT Inhibitor LY294002

Rescued the Function of ARHGAP10
To further analyze the connection between ARHGAP10 and

AKT in CRC cells, the PI3K/AKT inhibitor LY294002

(20μmol/L) was used to culture siARHGAP10 transfected

CRC cells. Clearly, knockdown of ARHGAP10 significantly

promoted the proliferation of HCT116 cells. However, this

effect was deeply abolished by the PI3K/AKT inhibitor

LY294002 (Figure 4A). Moreover, ARHGAP10 siRNA sig-

nificantly promoted the migration and invasion number of

HCT116 cells, whereas the PI3K/AKT inhibitor LY294002

strongly inhibited the migration and invasion of HCT116

cells (Figure 4B). Further, the protein contents of MMP2 and

MMP9 were upregulated in siARHGAP10 transfected cells.

However, the PI3K/AKT LY294002 deeply suppressed the

Figure 2 Silencing and overexpression of ARHGAP10 in CRC cells. (A, B). The relative mRNA and protein levels of ARHGAP10 examined in CACO2, HCT116, HT29,

LOVO, RKO and FHC cells. ***p < 0.001 vs CACO2. (C, D). Both the relative mRNA and protein levels of ARHGAP10 were deeply suppressed by ARHGAP10 siRNAs.

***p < 0.001 vs siNC. (E, F). Both the relative mRNA and protein levels of ARHGAP10 were significantly upregulated in HT29 and RKO cells that transfected with

oeARHGAP10. ***p < 0.001 vs oeNC.
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expression ofMMP2 andMMP9 in siARHGAP10 transfected

cells. Overall, these results revealed that the PI3K/AKT inhi-

bitor LY294002 could rescue the function of ARHGAP10 in

siARHGAP10 transfected cells. Further, ARHAGP10 nega-

tively mediated the phosphorylation of AKT in CRC cells

(Figure 4C).

ARHGAP10 Negatively Mediated RhoA

Activity in CRC Cells
RhoA is a member of Rho GTPases, which improves the

metastasis of CRC cells.23 Then, Rho GTPase activation

assays were performed to examine the connection between

RhoA and ARHGAP10 in CRC cells. As presented in

Figure 5A–C, the protein content of RhoA-GTP was sig-

nificantly suppressed in oeARHGAP10 transfected cells,

whereas was significantly increased in siARHGAP10

transfected cells. These findings indicated that

ARHGAP10 negatively modulated the activity of RhoA

in human CRC cells.

We also examined the protein content of p-AKT in

siNC or siARHGAP10 transfected cells in the presence

of Rho/MRTF/SRF inhibitor CCG-1423 (1 μmol/L). As

presented in Figure 5D, Rho/MRTF/SRF inhibitor CCG-

1423 deeply suppressed the phosphorylation of AKT in

siARHGAP10 transfected cells.

The AKTAgonist IGF-1 Abolished the Effect

of Rho/MRTF/SRF Inhibitor CCG-1423 in

siARHGAP10 Transfected Cells
To further assess the connection between RhoA and AKT in

siARHGAP10 transfected cells, the AKT agonist IGF-1

(100ng/mL) was used to culture cells as indicated. After

being cultured for 48h, the proliferation of siARHGAP10

transfected cells was deeply suppressed by the Rho/MRTF/

SRF inhibitor CCG-1423, but significantly recovered in the

presence of the AKTagonist IGF-1 (Figure 5E). These results

indicated that the AKT agonist attenuated the effect of the

inhibitor CCG-1423 in siARHGAP10 transfected cells.

Moreover, the metastasis of siARHGAP10 transfected

cells was also significantly reduced by the Rho/MRTF/SRF

inhibitor CCG-1423. Importantly, the AKT agonist IGF-1

enhanced the migration and invasion of siARHGAP10 trans-

fected cells in the presence of the Rho/MRTF/SRF inhibitor

CCG-1423 (Figure 5F).

Further, we also examined the protein contents of MMP2,

MMP9, p-AKTandAKT in different cells as indicated (Figure

Figure 3 Overexpression of ARHGAP10 inhibited the proliferation and metastasis of CRC cells. (A, B). The proliferation rate was reduced in HT29 and RKO cells that

transfected with oeARHGAP10. **p < 0.01 vs oeNC, ***p < 0.001 vs oeNC. (C, D). Overexpression of ARHGAP10 inhibited the migration and invasion of HT29 and RKO

cells. ***p < 0.001 vs oeNC. (E, F). Western blot was used to examine the protein content of ARHGAP10, MMP2, MMP9, p-AKT and AKT in HT29 and RKO cells

transfected with oeNC and oeARHGAP10, respectively, ***p < 0.001 vs oeNC.
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5G). The protein contents of MMP2 and MMP9 were deeply

suppressed by the inhibitor CCG-1432 in siARHGAP10 trans-

fected cells, but the AKT agonist IGF-1 significantly relieved

this suppression. The similar results were also obtained in

quantifying the phosphorylation of AKT. Taken together, our

findings illustrated that RhoA positively correlated with the

phosphorylation of AKT in siARHGAP10 transfected cells.

ARHGAP10 might attenuate the proliferation and metastasis

of CRC cells through suppressing the activity of RhoA/AKT

signaling pathway.

Overexpression of ARHGAP10 Reduced

the Metastasis of CRC Cells in Lung

in vivo
To address the function of ARHGAP10 in the metastasis of

CRC cells in vivo, an equal number of oeNC and

oeARHGAP10 transfected cells were injected into the caudal

vein of nude mice. Results collected from H

& E staining revealed that overexpression of ARHGAP10

significantly suppressed the nodule formation in vivo

(Figure 6A). Moreover, the oeARHGAP10 transfected

cells could prolong the survival time of mice compared

with that of oeNC group (Figure 6B).

Discussion
Metastasis is the crucial reason for cancer-related deaths,

which is a highly selective process.24 It has been indicated

that the high rate of mortality of CRC is attributed to metas-

tasis of neoplastic cells from the primary tumor to secondary

organ sites.25 However, the underlying mechanism remains

unclear. In the present study, ARHGAP10 was downregulated

in CRC tissues compared with that in adjacent normal tissues.

Figure 4 The AKT inhibitor LY294002 rescued the function of ARHGAP10 in CRC cells. (A). The proliferation rate of siARHGAP10 transfected cells was reduced in the

presence of the AKT inhibitor LY294002. *p < 0.05 vs siNC, ***p < 0.001 vs siNC; ###p < 0.001 vs siARHGAP10. (B). The AKT inhibitor LY294002 inhibited the migration

and invasion of siARHGAP10 transfected cells. ***p < 0.001 vs siNC; ###p < 0.001 vs siARHGAP10. (C). The protein content of MMP2, MMP9, p-AKT and AKT were

reduced by the AKT inhibitor LY294002. ***p < 0.001 vs siNC; ###p < 0.001 vs siARHGAP10.
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Moreover, low expression of ARHGAP10 was associated

with poor prognosis of human CRC patients. Further,

ARHGAP10 overexpression deeply suppressed the invasion

and migration of CRC cells. Meanwhile, knockdown of

ARHGAP10 significantly improved the migration and inva-

sion of CRC cells. Therefore, ARHGAP10 was likely an anti-

Figure 5 ARHGAP10 negatively correlated with the active RhoA in CRC cells. (A, B). The level of active RHOA was downregulated in HT29 and RKO transfected with

oeARHGAP10. **p < 0.01 vs oeNC. (C). The protein content of active RhoA was upregulated in siARHGAP10 transfected cells. ***p < 0.001 vs siNC. (D). The protein

content of p-AKT was suppressed by the RhoA inhibitor CCG-1423 in siARHGAP10 transfected cells. **p < 0.01 vs siNC, ***p < 0.001 vs siNC; ### p < 0.001 vs

siARHGAP10. (E). The AKT agonist IGF-1 promoted the proliferation of siARHGAP10 transfected cells in the presence of RhoA inhibitor CCG-1423. **p < 0.01 vs siNC,

***p < 0.001 vs siNC; !!!p < 0.001 vs siARHGAP10; ^p < 0.05 vs siNC+ CCG-1423, ^^^p < 0.001 vs siNC+ CCG-1423; ###p < 0.001 vs siARHGAP10 + CCG-1423. (F). The
AKT agonist IGF-1 released the suppression of the RhoA inhibitor CCG-1423 in the metastasis of siARHGAP10 transfected cells. ***p < 0.001 vs siNC; !!!p < 0.001 vs

siARHGAP10; ^^^p < 0.001 vs siNC+ CCG-1423; ###p < 0.001 vs siARHGAP10 + CCG-1423. (G). The protein contents of MMP2, MMP9 and p-AKTwere promoted by the

AKT agonist IGF-1 in siARHGAP10 transfected cells that cultured in the presence of RhoA inhibitor CCG-1423.
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metastasis factor in CRC cells. Much more importantly,

ARHGAP10 presented the clinical value as a novel prognosis

marker in CRC.

MMP-2 and MMP-9 are closely associated with the

progression of CRC.26 In this study, our results illustrated

that ARHGAP10 was negatively correlated with MMP2

and MMP9 in CRC cells. Therefore, ARHGAP10 was

a suppressor for MMP2 and MMP9. ARHGAP10 might

inhibit the metastasis of CRC by blocking MMP2 and

MMP9 in CRC cells.

Previous report has demonstrated that the activation of

PI3K/AKT acts as an upstream signal in SOX2-induced

MMP-2 expression in Hep-2 cells.27 Moreover, inhibiting

the activity of PI3K/AKT signaling pathway leads to the

inhibition of MMP-9 in CRC cells.28 In our analyses, we

found the PI3K/AKT inhibitor LY294004 could rescue the

function of ARHGAP10 in proliferation and metastasis of

CRC cells. It was the first time to elucidate that

ARHGAP10 involved in PI3K/AKT signaling pathway

and ARHGAP10 negatively mediated the phosphorylation

of AKT in CRC cells. Additionally, these findings sug-

gested that ARHGAP10 might inhibit the migration and

invasion of CRC cells by suppression of MMP-2 and

MMP-9 via the PI3K/AKT signaling pathway.

RhoA is a member of Rho subfamily, which plays

a critical role in the migration, invasion and proliferation

of tumor cells.29 Moreover, it has been demonstrated that

the expression of RhoA is modulated by the PI3K/AKT

signaling pathway.18 Further, increasing the transduction

of RhoA/ROCK pathway promotes the metastasis of

breast cancer cells.30 In the present research, we found

that ARHGAP10 inhibited RhoA activity in CRC cells.

Moreover, the RhoA inhibitor CCG-1423 deeply sup-

pressed the phosphorylation of AKT in siARHGAP10

transfected cells. Therefore, ARHGAP10 might be

a novel component in RhoA/AKT signaling pathway.

Overall, present research deepened insights into the anti-

cancer effect of ARHGAP10 in CRC cells.

Conclusion
In this study, ARHGAP10 was induced by silencing and

overexpression in CRC cells. Our analyses not only

enhanced the understanding of ARHGAP10 but also indi-

cated its potential signaling pathway in CRC cells.
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