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Objective: Rho GTPase-activating protein 30 (ARHGAP30), a member of the Rho 

GTPase-activating proteins (Rho GAPs) family, plays an important role in the regulation of 

cytoskeleton organization and cell adhesion.

Materials and methods: mRNA and protein expression was assessed by quantitative real-time 

PCR and Western blotting, respectively. Cell Counting Kit-8 (CCK-8) and Transwell assays 

were conducted to detect cell proliferation, migration, and invasion.

Results: ARHGAP30 expression was downregulated in specimens and cell lines of lung 

cancer in comparison to non-cancerous specimens and normal bronchial epithelial cell lines, 

respectively. Moreover, in vitro experiments demonstrated that ARHGAP30 overexpression 

impeded the proliferative, migratory, and invasive abilities of lung cancer cells. Moreover, 

bioinformatics analysis with The Cancer Genome Atlas (TCGA) lung cancer dataset showed a 

negative association between ARHGAP30 expression and the Wnt signaling pathway. Enforced 

expression of ARHGAP30 decreased the mRNA and protein levels of β-catenin, c-Myc, matrix 

metalloproteinase-2 (MMP-2) and MMP-9. Besides, the β-catenin inhibitor XAV939 blocked 

the enhanced cell growth, migration, and invasion caused by ARHGAP30 knockdown. Thus, 

the Wnt/β-catenin pathway mediated the functions of ARHGAP30 in lung cancer cells.

Conclusion: ARHGAP30 acts as a tumor suppressor in lung cancer by suppressing 

Wnt/β-catenin signaling.
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Introduction
Lung cancer remains one of the most common malignancies, with more than 1.8 million 

new cases diagnosed annually, and is the leading cause of cancer-related deaths in both 

men and women, with approximately 1.59 million deaths each year worldwide.1,2 Non-

small-cell lung cancer (NSCLC) accounts for approximately 85% of lung cancer cases 

and is the major histological subgroup of lung cancer.3 Besides conventional treatments 

including surgery, chemotherapy, and radiotherapy, targeted therapy has become an 

important treatment option for lung cancer. However, the 5-year survival of patients 

with locally advanced lung cancer or metastatic disease remains unsatisfactory.4 Thus, 

the study of the pathogenesis of lung cancer is still of great significance.

Rho GTPases are a group of guanosine triphosphate (GTP)-binding proteins and 

belong to the Ras superfamily. Recent studies have found that Rho GTPases are 

highly expressed in various human tumors and closely related to the development, 

invasion, and metastasis of tumors.5 Rho GTPases, similarly as all members of the Ras 

superfamily, cycle between active/GTP-bound and inactive/guanosine diphosphate 
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(GDP)-bound forms.6 The Rho GTPase-activating protein 

30 (ARHGAP30) is a member of Rho GTPase-activating 

proteins (RhoGAPs), which are able to enhance the intrinsic 

hydrolysis of GTP and act as negative regulators of Rho 

GTPases. ARHGAP30 is a RhoA- and Rac1-specific Rho 

GAP, involved in the regulation of cytoskeleton organization 

and cell adhesion.7 A recent study suggest that ARHGAP30 is 

a key regulator for p53 acetylation and a potential prognostic 

marker for colorectal cancer.8 However, no study has focused 

on the functions of ARHGAP30 in lung cancer.

The Wnt/β-catenin signaling pathway is highly conserved 

in evolution, and studies have demonstrated that it is involved 

in embryonic and adult lung development.9 Furthermore, 

accumulated evidence has demonstrated the important regu-

latory role of the Wnt/β-catenin signaling pathway in the 

proliferation, survival, and metastasis of various cancer cells 

including lung cancer cells.10,11 β-Catenin is a key molecule of 

the Wnt/β-catenin signaling pathway. A previous article has 

reported that aberrant β-catenin expression is correlated with 

the poor prognosis of NSCLC.12,13 Numerous Wnt/β-catenin 

target genes have been identified, such as proliferation-related 

gene c-Myc, as well as metastasis key regulators matrix 

metalloproteinase-2 (MMP-2) and MMP-9.14,15

In the current study, we explored the expression of 

ARHGAP30 in lung cancer and its function in lung cancer 

cell proliferation, migration, and invasion. In addition, the 

Wnt/β-catenin signaling pathway may mediate the tumor 

suppressor functions of ARHGAP30 in lung cancer.

Materials and methods
Patients and tissue samples
This study was approved and carried out in accordance with 

the guidelines of the ethics committee of Changzhou Second 

People’s Hospital Affiliated to Nanjing Medical University 

(Changzhou, China). Written informed consent was obtained 

from all study participants. Lung cancer specimens and adja-

cent noncancerous specimens were obtained from 30 patients 

with lung cancer who underwent surgical resections at the 

Department of Thoracic Surgery, Yanghu Branch, Changzhou 

Second People’s Hospital Affiliated to Nanjing Medical Uni-

versity. Clinical characteristics including age, gender, smoking 

status, tumor size, and lymph node metastasis were collected 

from medical records. All specimens were immediately frozen 

in liquid nitrogen and stored at −80°C for further use.

human lung cancer dataset and gene set 
enrichment analysis (gsea)
A public RNA-sequencing dataset of lung cancer was down-

loaded from The Cancer Genome Atlas (TCGA; https://

tcga-data.nci.nih.gov/tcga/, Version: 7/29/2014). The Student’s 

t-test was used to compare ARHGAP30 expression between 

lung cancer (n=488) and non-cancerous specimens (n=58). To 

explore the signaling pathways associated with ARHGAP30 

expression, GSEA was carried out on the dataset with the 

GSEA software version 2.0 as previously described.16

cell culture
The cells were obtained from the Cell Bank of Chinese Acad-

emy of Sciences (Shanghai, China). We cultured NCI-H1299, 

NCI-H1975, NCI-H358, and NCI-H292 cells in RPMI 1640 

(Thermo Fisher Scientific, Waltham, MA, USA) supple-

mented with 10% FBS (Hyclone, Logan, UT, USA). A549, 

16HBE, and 293 T cells were cultured in DMEM (Thermo 

Fisher Scientific) containing 10% FBS. All the cell lines were 

maintained in an atmosphere at 37°C with 5% CO
2
.

Quantitative real-time Pcr (qrT-Pcr)
Total RNA was isolated with the TRIzol reagent (Thermo 

Fisher Scientific), and cDNA was reverse transcribed with the 

RevertAid™ First Strand cDNA Synthesis Kit (Thermo Sci-

entific Fermentas, Hanover, MD, USA) in accordance with 

the manufacturer’s instructions. Real-time PCR (RT-PCR) 

was subsequently conducted in triplicates on an Applied 

Biosystems 7500 Fast Real-Time PCR System (Thermo 

Fisher Scientific) with Fast SYBR green qPCR kit (Thermo 

Fisher Scientific). Endogenous GAPDH was used for nor-

malization. The primers used were as follows: ARHGAP30 

(NM_001025598.1), 5′-TGAAAGCCAAAGGTAGAG-3′ 
(forward), and 5′-AGGGTCCAAGAACATAAC-3 ′ 
(reverse); β-catenin (NM_001904.3), 5′-CGACACCA 

AGAAGCAGAGATG-3′ (forward), and 5′-GGGAC 

AAAGGGCAAGATTTCG-3′ (reverse); c-Myc (K02276.1), 

5′-AGAGTTTCATCTGCGACCCG-3′ (forward) and 

5′-GGCTGCCGCTGTCTTTGC-3′ (reverse); MMP-2 

(NM_004530.4), 5′-TTGACGGTAAGGACGGACTC-3′ 
(forward), and 5′-GGCGTTCCCATACTTCACAC-3′ 
(reverse); MMP-9 (NM_004994.2), 5′-GTGGCACCACC 

ACAACATCAC-3 ′  (forward), and 5 ′-CGCGACA 

CCAAACTGGATGAC-3′ (reverse); and GAPDH (NM_0012 

56799.2), 5′-AATCCCATCACCATCTTC-3′ (forward),  

and 5′-AGGCTGTTGTCATACTTC-3′ (reverse).

Western blotting
Clinical specimens or cultured cells were lysed with ice-

cold RIPA buffer (JRDUN Biotech., Shanghai, China). 

The extracted proteins were subjected to 10% or 8% SDS-

PAGE and then transferred onto nitrocellulose membranes 

(EMD Millipore, Billerica, MA, USA). The membranes were 
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blocked in 5% nonfat milk in Tris-buffered saline contain-

ing 0.1% Tween-20 (TBST) at room temperature for 1 hour, 

followed by incubation with the primary antibody overnight 

at 4°C. After three washes with TBST, the membranes were 

probed with horseradish peroxidase-conjugated second-

ary antibody for 1 hour at room temperature. Following 

three washes with TBST, the membranes were developed 

with the enhanced chemiluminescent substrate (ECL; Bio-

Rad Laboratories Inc., Hercules, CA, USA). Antibodies 

against ARHGAP30 (Ab103402), c-Myc (Ab39688), 

MMP-2 (Ab92536), and MMP-9 (Ab38898) were obtained 

from Abcam (Cambridge, MA, USA). Antibodies against 

β-catenin (#8480) and GAPDH (#5174) were procured from 

Cell Signaling Technology (Danvers, MA, USA).

arhgaP30 expression and rna 
interference constructs
The coding sequence of ARHGAP30 was amplified with the 

following primers and cloned into a linearized pLVX-puro 

expression vector (Clontech, Palo Alto, CA, USA): ARH-

GAP30 (NM_001025598.1): forward 5′-GCGAATTCATGA

AGTCTCGGCAGAAAGG-3′ (EcoR I); reverse 5′-CGGGA

TCCTCACAGTCCTTCACCTTTCCC-3′ (BamH I). Under-

lined sequences denote the restriction sites. RNA interference 

oligos targeting ARHGAP30 were synthesized and cloned 

into linearized pLKO.1 plasmids (Addgene, Cambridge, MA, 

USA). The interference sites were as follows: shARHGAP30#1 

(position 2555–2573), CCAGGAGGAGATGAGTATA; 

shARHGAP30#2 (position 2599–2617), GAGAGAAGAG-

GATGAACAA; shARHGAP30#3 (position 2608–2626), 

GGATGAACAAAGAGAGGAA. After verification by 

DNA sequencing, the constructs were co-transfected into 

293 T cells, together with the packaging plasmids psPAX2 

and pMD2G (Addgene), using Lipofectamine 2000 (Thermo 

Fisher Scientific). The lentiviruses were collected at 48–72 

hours post transfection for cell transduction.

cell proliferation assay
Cell proliferation was assessed with the Cell Counting 

Kit-8 (CCK-8) following the manufacturer’s protocol 

(SAB Biotech., College Park, MD, USA). In brief, 3×103 

cells were seeded in 96-well plates per well and cultured 

overnight. A549 and NCI-H1299 cells were transduced 

with ARHGAP30-overexpressing lentivirus (ARH OE) or a 

control Vector virus. NCI-H292 cells were transduced with 

ARHGAP30 shRNA (shARH) or control shRNA (shNC) and 

treated with 10 µM XAV939 (Selleck Chemicals, Houston, 

TX, USA) or vehicle (diemthyl sulfoxide; DMSO). After 

different culture periods (0, 24, 48, or 72 hours), the cells were 

incubated with CCK-8 solution at 37°C for 1 hour. Optical 

density (OD) at a wavelength of 450 nm was measured in 

triplicate using a microplate absorbance reader (Bio-Rad 

Laboratories Inc.).

cell migration and invasion assay
Transwell migration assay was conducted on Costar Transwell 

24-well plates (Corning Incorporated, Corning, NY, USA) to 

assess cell migration. In brief, 6×104 virus-transduced cells 

were seeded into the upper chamber with 0.2 mL serum-

free medium. Cultured medium supplemented with 10% 

FBS were added to the lower chamber. After 24 hours at 

37°C with 5% CO
2
, the cells remaining on the upper surface 

were completely removed. The cells that migrated through 

the membranes were fixed, stained with crystal violet, and 

counted under a microscope.

A Transwell invasion assay was carried out in the same 

manner, except that the membranes were pre-coated with 

Matrigel (1 µg/µL; BD Biosciences, San Jose, CA, USA).

statistical analyses
All statistical tests were conducted with GraphPad Prism 

(Graphpad Software, Inc., La Jolla, CA, USA). Experiments 

were carried out three times independently. Statistical com-

parison of ARHGAP30 and β-catenin mRNA expression 

in clinical specimens was undertaken with the Student’s 

t-test. Pearson’s correlation analysis was used to check the 

relationship between mRNA expression of ARHGAP30 

and β-catenin in lung cancer specimens. Fisher’s exact test 

was conducted to analyze the correlation of ARHGAP30 

expression with patients’ features. Statistical analyses of in 

vitro experiments were conducted by ANOVA. Values with 

P0.05 were considered statistically significant.

Results
arhgaP30 is markedly downregulated 
in lung cancer tissues and cell lines
ARHGAP30 has been reported to be involved in the carcino-

genesis of colorectal cancer;8 however, its role in lung cancer 

remains unclear. Initially, we reanalyzed ARHGAP30 expres-

sion on a lung cancer dataset downloaded from the TCGA 

project. Lung cancer tissues (n=488) exhibited lower expres-

sion levels of ARHGAP30 than normal lung tissues (n=58; 

Figure 1A, P0.0001). To confirm the decreased expression 

of ARHGAP30 in lung cancer, we collected 30 pairs of lung 

cancer tissues and adjacent non-cancerous tissues from our 

hospital. As evidenced by qRT-PCR, the mRNA levels of 

ARHGAP30 were significantly decreased in lung cancer tis-

sues (Figure 1B, P0.001). These 30 patients were divided 
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Figure 1 arhgaP30 is markedly downregulated in lung cancer tissues and cell lines.
Notes: (A) analysis of arhgaP30 expression in the lung cancer dataset from Tcga. (B) analysis of arhgaP30 mrna expression in 30 pairs of lung cancer and adjacent 
non-cancerous tissues by quantitative real-time Pcr. (C) analysis of arhgaP30 protein expression in eight pairs of lung cancer and adjacent non-cancerous tissues by 
Western blotting. relative mrna (D) and protein (E) expression levels of ARHGAP30 in five lung cancer cell lines (A549, NCI-H1299, NCI-H1975, NCI-H358, and NCI-
h292) compared with normal bronchial epithelial cell line 16hBe. The Western blotting analysis was repeated at least three times and representative images are shown. 
***P0.001.
Abbreviation: Tcga, The cancer genome atlas.

into either an ARHGAP30 low-expression group or an 

ARHGAP30 high-expression group, with the median mRNA 

level as the cutoff value. Correlation analysis showed that 

ARHGAP30 expression was significantly associated with 

tumor size, but not with age, gender, smoking status, or lymph 

node metastasis of lung cancer (Table 1). Western blotting 

was conducted on eight pairs of available tissue samples, and 

the results showed that the protein levels of ARHGAP30 were 

decreased in lung cancer tissues (Figure 1C).

Consistently, ARHGAP30 mRNA and protein levels 

were significantly downregulated in lung cancer cell lines 

(A549, NCI-H1299, NCI-H1975, NCI-H358, and NCI-H292) 

compared with normal bronchial epithelial cell line 16HBE 

(Figure 1D and E). A549 and NCI-H1299 cells, which had rel-

ative low endogenous ARHGAP30 expression, were selected 

for subsequent experiments. Taken together, we found that 

ARHGAP30 expression was significantly decreased in lung 

cancer tissues and cell lines.
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arhgaP30 inhibited lung cancer cell 
proliferation
To investigate the potential role of ARHGAP30 in lung 

cancer, A549 and NCI-H1299 cells were transduced with 

ARH OE or a control Vector virus. Cells in the wild-type 

(WT) group did not receive any treatment and served as a 

negative control. As indicated by qRT-PCR (Figure 2A) and 

Western blotting (Figure 2B) analyses, ARH OE transduction 

significantly elevated the mRNA and protein levels of 

ARHGAP30 in both lung cancer cell lines, whereas Vector 

Table 1 correlation of arhgaP30 expression with patient characteristics

Variables All cases ARHGAP30 mRNA P-value

Low (n=15) High (n=15)

age at surgery 55 years 10 6 4 0.6999

55 years 20 9 11

gender Male 16 7 9 0.7152

Female 14 8 6

smoking status smoker 12 5 7 0.7104

non-smoker 18 10 8

Tumor size 5 cm 13 3 10 0.0253*

5 cm 17 12 5

lymph node metastasis absent 17 6 11 0.1394

Present 13 9 4

Note: Fisher’s exact test; *P0.05. 

Figure 2 arhgaP30 inhibited proliferation of lung cancer cells.
Notes: a549 and nci-h1299 cells were transduced with arh Oe or a control Vector virus. cells in the WT group did not receive any treatment and served as a negative 
control. (A and B) arhgaP30 expression levels were evaluated using qrT-Pcr (A) and Western blotting (B) at 48 hours after transduction. (C and D) cell proliferation 
was identified using the CCK-8 assay. All the in vitro experiments were repeated three times. ***P0.001.
Abbreviations: ARH OE, ARHGAP30-overexpressing lentivirus; CCK-8, Cell Counting Kit-8; h, hours; NS, no significant difference; qRT-PCR, quantitative real-time PCR; 
WT, wild-type.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

7452

Mao and Tong

had no effects on ARHGAP30 expression. As presented in 

Figure 2C, at 48 and 72 hours post virus transduction, A549 

cell proliferation was markedly suppressed by ARH OE 

compared with the Vector group, whereas cell proliferation 

was comparable between the Vector and WT groups. Similar 

results were achieved in NCI-H1299 cells (Figure 2D). Our 

findings indicated that ARHGAP30 suppressed proliferation 

of lung cancer cells.

arhgaP30 suppressed lung cell 
migration and invasion
To determine whether ARHGAP30 affects the mobil-

ity of lung cancer cells, we assessed the migratory and 

invasive abilities of A549 and NCI-H1299 cells 24 hours 

after transduction with ARH OE or Vector. Transwell 

assays demonstrated that ARHGAP30 overexpression 

remarkably attenuated the migratory and invasive capabili-

ties of A549 (Figure 3A) and NCI-H1299 (Figure 3B) cells 

compared with the Vector group. These results indicated 

that ARHGAP30 repressed lung cancer cell migration and 

invasion.

arhgaP30 repressed the Wnt signaling 
pathway in lung cancer cells
A GSEA on the TCGA lung cancer dataset suggested that 

ARHGAP30 expression was negatively correlated with the 

Wnt pathway in lung cancer samples (Figure 4A). As evi-

denced by qRT-PCR, the mRNA levels of β-catenin were 

significantly increased in lung cancer tissues collected from 

our hospital (P0.001; Figure 4B). Moreover, Pearson’s r 

correlation analysis revealed a negative correlation between 

the mRNA expression of ARHGAP30 and β-catenin 

(Figure 4C, r=−0.6083, P0.001).

The expression of β-catenin, c-Myc, MMP-2, and 

MMP-9 – well-known downstream effectors of the Wnt 

pathway – was then assessed. Western blotting (Figure 4D) 

and qRT-PCR (Figure 4E) clearly showed that ARHGAP30 

inhibited the Wnt signaling pathway in A549 and NCI-H1299 

Figure 3 arhgaP30 suppressed lung cell migration and invasion.
Notes: a549 and nci-h1299 cells were transduced with arh Oe or a control Vector virus. WT cells without any treatment served as a negative control. Transwell assays 
were conducted in a549 (A) and nci-h1299 (B) cells to evaluate cell migration and invasion. all the in vitro experiments were repeated three times. ***P0.001.
Abbreviations: ARH OE, ARHGAP30-overexpressing lentivirus; NS, no significant difference; qRT-PCR, quantitative real-time PCR; WT, wild-type.
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cells at both protein and mRNA levels. Moreover, the nuclear 

translocation of β-catenin was reduced in A549 cells with 

ARHGAP30 overexpression as compared to those with the 

control Vector virus (Figure S1).

The Wnt signaling pathway mediated 
the effects of arhgaP30 on the 
proliferation, migration, and invasion of 
lung cancer cells
Copious evidence has highlighted the strong associations 

between Wnt/β-catenin signaling and the proliferation and 

metastasis of lung cancer cells.10,11 To further explore the 

involvement of the Wnt pathway in the functions of ARH-

GAP30 on lung cancer cells, a specific Wnt/β-catenin pathway 

inhibitor XAV939 was used to treat cells with ARHGAP30 

silence. NCI-H292 cells were chosen because of the relatively 

higher expression of ARHGAP30 (Figure 1C and D). Three 

short hairpin RNAs (shRNAs; sh#1, #2, and #3) effectively 

knocked down ARHGAP30 expression (Figure S2), and the 

best knockdown efficiency was observed for sh#1, which 

was used in the subsequent experiments.

We disclosed that ARHGAP30 knockdown significantly 

strengthened the proliferation (Figure 5A), migration, and 

invasion (Figure 5B) of NCI-H292 cells, which was com-

promised when XAV939 was used. In the meantime, ARH-

GAP30 knockdown upregulated β-catenin, c-Myc, MMP-2, 

and MMP-9, which was abrogated by XAV939 (Figure 5C). 

Our data indicated that the inhibitory effects of ARHGAP30 

on proliferation, migration, and invasion were mediated by 

the Wnt signaling pathway.

Discussion
ARHGAP30 – a RhoA- and Rac1-specific Rho GAP7 – has 

been shown to be significantly correlated with the poor sur-

vival of patients with colorectal cancer.8 In this study, we 

examined the expression of ARHGAP30 in lung cancer tissue 

samples and found that ARHGAP30 was expressed at lower 

levels in lung cancer tissues in comparison with normal lung 

Figure 4 arhgaP30 repressed the Wnt signaling pathway in lung cancer cells.
Notes: (A) a gsea on the Tcga lung cancer dataset showed that arhgaP30 expression was negatively associated with the Wnt signaling pathway. (B) analysis of 
arhgaP30 mrna expression in 30 pairs of lung cancer and adjacent non-cancerous tissues by qrT-Pcr. (C) Pearson’s r correlation analysis of arhgaP30 mrna levels 
vs β-catenin mrna levels in 30 cases of lung cancer tissues. Western blotting (D) and qrT-Pcr analysis (E) of β-catenin, c-Myc, MMP-2, and MMP-9 in a549 and nci-h1229 
cells transduced with arh Oe or a control Vector virus. all the in vitro experiments were repeated three times. ***P0.001.
Abbreviations: ARH OE, ARHGAP30-overexpressing lentivirus; GSEA, gene set enrichment analysis; NES, normalized enrichment score; NS, no significant difference; 
qrT-Pcr, quantitative real-time Pcr; Tcga, The cancer genome atlas.
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tissues (Figure 1). ARHGAP30 expression was significantly 

associated with tumor size (Table 1), although these results 

need to be confirmed by analysis in a larger sample size. We 

further investigated the role of ARHGAP30 in lung cancer 

development by using lentivirus-mediated overexpression 

of ARHGAP30 in lung cancer cell lines. We found that 

ectopic expression of ARHGAP30 inhibited the proliferation 

(Figure 2), migration, and invasion (Figure 3) of lung cancer 

cells, whereas ARHGAP30 knockdown had reverse effects 

(Figure 5). A lentivirus expressing the RNAi-resistant 

ARHGAP30 rescued ARHGAP30 expression, and there 

were promoting effects of ARHGAP30 knockdown on cell 

proliferation, migration, and invasion (Figure S3). These find-

ings were consistent with a recent study in colorectal cancer.8 

These data suggest that ARHGAP30 may serve as a tumor 

suppressor during the progression of lung cancer.

Furthermore, we tried to explore the mechanism by which 

ARHGAP30 contributes to lung carcinogenesis. In colorectal 

cancer, ARHGAP30 binds p53 and promotes p53 acetylation 

and, thus, functions as a tumor suppressor.8 In the present 

study, GSEA on TCGA lung cancer dataset showed that 

there was no significant correlation between ARHGAP30 

expression and the KEGG p53 signaling pathway (P=0.113, 

data not shown), whereas ARHGAP30 expression was nega-

tively correlated with the Wnt signaling pathway (Figure 4A, 

P0.0001). According to previous reports, the Wnt/β-catenin 

signaling pathway plays key roles in the proliferation, sur-

vival, and metastasis of lung cancer cells via regulation of 

the transcription of downstream target genes.10,11 Several Wnt 

pathway components, such as Wnt-1, Wnt-2, Wnt-3, Wnt-5a, 

and β-catenin, are overexpressed in lung cancer.10 The aber-

rant expression of β-catenin is associated with the poor 

prognosis of NSCLC.12,13 As expected, in the present study, 

β-catenin mRNA expression was significantly increased in 

lung cancer tissues (Figure 4B), which was negatively cor-

related with ARHGAP30 mRNA expression (Figure 4C). 

Additionally, β-catenin expression was significantly down-

regulated with ARHGAP30 overexpression in A549 and 

NCI-H1299 cells (Figure 4). The nuclear translocation of 

β-catenin was suppressed by ARHGAP30 overexpression 

(Figure S1). Moreover, the expression of three well-known 

target genes of the Wnt/β-catenin signaling pathway (c-Myc, 

β

Figure 5 The Wnt signaling pathway mediated the effects of arhgaP30 on the proliferation, migration, and invasion of lung cancer cells.
Notes: nci-h292 cells were transduced with sharh or shnc, and treated with 10 µM XaV939 or vehicle (DMsO). (A) Cell proliferation was identified using the CCK-8 
assay. (B) Transwell assays were conducted to evaluate cell migration and invasion. (C) Western blotting was conducted to assess the protein levels of β-catenin, c-Myc, MMP-2, 
and MMP-9. all the in vitro experiments were repeated three times. ***P0.001 vs shnc+DMsO; ###P0.001 vs shnc+XaV939; ++P0.01; +++P0.001 vs sharh+DMsO.
Abbreviations: CCK-8, Cell Counting Kit-8; DMSO, diemthyl sulfoxide; NS, no significant difference; OD, optical density; shARH, ARHGAP30 shRNA; shNC, control 
shrna; shrna, short hairpin rna.
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MMP-2, and MMP-9)14,15 was simultaneously reduced in 

ARHGAP30-overexpressed cells at both the transcriptional 

and translational levels. c-Myc is a well-accepted oncopro-

tein, implicated in the control of cancer cell proliferation.17 

MMP-2 and MMP-9 – responsible for the degradation 

of the extracellular matrix – play critical roles in cancer 

cell migration, invasion, and metastasis.18 The decreased 

expression of these three genes may explain the decreased 

proliferation, migration, and invasion of lung cancer cells 

with ARHGAP30 overexpression. Thus, we supposed that 

ARHGAP30 may inhibit the aggressive phenotypes of lung 

cancer cells by inhibiting Wnt/β-catenin signaling. We 

found that the β-catenin inhibitor XAV939 can abrogate the 

enhanced cell proliferation, migration, and invasion caused 

by AHGAP30 knockdown (Figure 5). These data suggest 

that the Wnt signaling pathway may mediate the functions 

of ARHGAP30 in lung cancer, although further studies are 

needed to elucidate the exact mechanism.

Conclusion
ARHGAP30 expression was decreased in lung cancer tis-

sues and cell lines. Furthermore, our study preliminarily 

unveiled that ARHGAP30 suppressed the capacities of 

cell proliferation, migration, and invasion via inhibition of 

the Wnt/β-catenin signaling pathway in lung cancer cells. 

These results may provide new possibilities for therapeutic 

interventions of lung cancer in the future.
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Methods
Immunofluorescence staining
A549 cells were transduced with the ARHGAP30- 

overexpressing lentivirus (ARH OE) or a control Vec-

tor virus. After 48 hours, cells were fixed in 4% para-

formaldehyde for 10 minutes at room temperature and 

then permeabilized with 0.5% Triton X-100 at room 

temperature for 15 minutes. After blocking in 1% BSA 

at room temperature for 1 hour, the cells were incubated 

with primary rabbit anti-β-catenin antibody (Ab16051; 

Abcam, Cambridge, MA, USA) at 4°C overnight. After 

washing in PBS, cells were incubated with Alexa-Fluor 

488-conjugated goat anti-rabbit immunoglobulin G (IgG; 

Beyotime) at room temperature for 1 hour. Nuclei were 

stained with DAPI (Beyotime). The cells were examined 

under a fluorescence microscope (Leica Microsystems, 

Wetzlar, Germany).

rnai-resistant arhgaP30 plasmid construction
To make a RNAi-resistant ARHGAP30 plasmid, the nucle-

otides targeted by the RNAi (position 2555–2573, CCAG-

GAGGAGATGAGTATA) of pLVX-ARHGAP30 were 

partially mutagenized without changing the amino acid 

sequence (position 2555–2573, CCTGGTGGTGACGAG-

TATA) by site-directed mutagenesis.

β

Figure S1 arhgaP30 inhibited nuclear translocation of β-catenin.
Notes: A549 cells were transduced with ARH OE or control Vector virus. After 48 hours, immunofluorescence staining was conducted with anti-β-catenin (green) and 
counterstained with DaPi (blue) as indicated.
Abbreviation: arh Oe, arhgaP30-overexpressing lentivirus.

Figure S2 Downregulated arhgaP30 expression in nci-h292 cells.
Notes: NCI-H292 cells were transduced with ARHGAP30 shRNAs (sh#1, #2, and #3) or shNC. ARHGAP30 silencing was confirmed by qRT-PCR (A) and Western blotting 
(B). experiments were repeated three times independently. ***P0.001.
Abbreviations: NS, no significant difference; qRT-PCR, quantitative real-time PCR; shNC, control shRNA; shRNA, short hairpin RNA.
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Figure S3 rnai-resistant arhgaP30 rescues the effects of arhgaP30 knockdown.
Notes: a549 cells were randomly divided into four groups: shnc+Vector, cells were transduced with shnc and control Vector virus; sharh+Vector, cells were transduced 
with sharh and control Vector virus; shnc+arh-r, cells were transduced with shnc- and rnai-resistant arh-r; sharh+arh-r, cells were transduced with sharh 
and arh-r. (A) arhgaP30 protein levels were evaluated using Western blotting at 48 hours after transduction. (B) Cell proliferation was identified using CCK-8 assay. 
(C) Transwell assays were conducted to evaluate cell migration and invasion. experiments were repeated three times. *P0.05, **P0.01, ***P0.001 vs shnc+Vector; 
###P0.001 vs sharh+Vector.
Abbreviations: ARH-r, ARHGAP30 lentivirus; CCK-8, Cell Counting Kit-8; h, hours; shARH, ARHGAP30 shRNA; shNC, control shRNA; shRNA, short hairpin RNA.
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