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Introduction: One of the most common cancers is hepatocellular carcinoma (HCC), which 
is an aggressive cancer that is associated with high mortality. The expression and role of 
ARHGAP20 in HCC remain unclear.
Materials and Methods: The expression and clinical role of ARHGAP20 were investi-
gated using online databases and HCC samples from Meizhou People’s Hospital. Wound 
healing assays, transwell migration/invasion assays, and lung metastasis models were per-
formed using nude mice. Gene set enrichment analyses were used to further explore the 
potential mechanisms.
Results: Inspired by expression analyses of three different public databases (ie, TIMER, 
Oncomine, and HCCDB database), we confirmed that ARHGAP20 was downregulated in 
clinical HCC tumors compared with normal controls. ARHGAP20 expression inhibited HCC 
migration and invasion in vitro and in vivo. Based on GSEA results, we tested markers of the 
PI3K-AKT signaling pathway. Interestingly, while ARHGAP20 upregulation suppressed 
HCC migration/invasion and phosphorylation of AKT/PI3K molecules, exposure to the 
PI3K-AKT pathway agonist rhIGF-1 partially rescued these phenomena. ARHGAP20 also 
showed a close correlation with certain components in the HCC immune microenvironment. 
Furthermore, we revealed that downregulated ARHGAP20 was significantly correlated with 
larger tumor size and vascular invasion, and could be used as an adverse independent 
prognostic factor for HCC OS but not RFS.
Conclusion: ARHGAP20 was identified for the first time as a tumor suppressor gene that 
could inhibit HCC progression by regulating the PI3K-AKT signaling pathway and the 
immune microenvironment in HCC.
Keywords: HCC, ARHGAP20, progression, PI3K-AKT, immune microenvironment

Introduction
Hepatocellular carcinoma (HCC) is one of the most common cancers and charac-
terized by aggressiveness and high mortality.1 Despite recent progress in prevention 
and treatment techniques, the long-term survival of HCC remains poor due to late 
diagnosis and cancer recurrence/metastasis.2 Considering the great heterogeneity of 
HCC,3 satisfactory prognosis cannot be achieved without a better understanding of 
its pathophysiology.

RhoA belongs to the Rho GTPases of the Ras superfamily. RhoA ubiquitously 
regulates cytoskeletal dynamics, cell migration, and stem cell differentiation, etc.4 

The switch between the inactivated GDP-bound state and the activated GTP-bound 
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state is critical for RhoA function. Inactivation is pro-
moted by GTPase-activating proteins (GAPs), which help 
hydrolyze RhoA-bound GTP to GDP, and activation is 
mediated by guanine nucleotide-exchange factors (GEFs), 
which help RhoA binding with GTP.5 Overactivated RhoA 
or loss of GAPs contributed to tumorigenesis and cancer 
metastasis in most circumstances. Notably, the function of 
GAPs might be highly GAP-specific or cell-type-specific.6 

For example, while ARHGAP9,7 ARHGAP24,8 and 
Deleted in liver cancer 1 (DLC1)9 suppressed the migra-
tion and invasion of HCC, ARHGAP11A10 and 
ARHGAP1811 facilitated the malignant progression 
of HCC.

ARHGAP20 is a GAP that has two conserved domains, 
a RhoGAP domain, and an RA domain. The RhoGAP 
domain could potentially participate in the downregulation 
of Rho GTPases, while the RA domain indicated the possi-
bility that ARHGAP20 might also be an effector for Ras- or 
Ral-like GTPases.12 ARHGAP20 is ubiquitously expressed, 
especially in the testis and brain.13 Upregulated ARHGAP20 
inactivated Rho to promote neurite outgrowth in a Rap1- 
dependent manner.14 In chronic lymphocytic leukemia, 
ARHGAP20 was counterintuitively significantly more highly 
expressed in cases with 11q22-23 or 13q14 deletions than in 
those without detectable genetic lesions or trisomy.15,16 

However, the role of ARHGAP20 in HCC remains unknown.
Therefore, we conducted this study to investigate the 

expression and potential mechanism of ARHGAP20 in 
HCC progression.

Materials and Methods
Data Collection
The transcriptional count data from 374 HCC samples/ 
tissues and 50 adjacent samples were downloaded by the 
“TCGAbiolinks” R package.17 The relevant clinical data 
of HCC were downloaded from The Cancer Genome 
Atlas-liver hepatocellular carcinoma dataset (TCGA- 
LIHC) and cBioportal for Cancer Genomics.18,19

Expression of ARHGAP20 mRNA in 
HCC
To investigate the expression of ARHGAP20 in multiple 
cancers including HCC, the TIMER database (https://cis 
trome.shinyapps.io/timer/)(including 371 HCC and 50 nor-
mal controls),20 and the Oncomine database (https://www. 
oncomine.org/resource/main.html) were explored (includ-
ing 35 HCC and 10 normal controls). To further 

investigate the expression of ARHGAP20 in HCC, the 
HCCDB database (http://lifeome.net/database/hccdb/ 
search.html?Entrez_ID=10840) was explored (including 
1743 HCC and 1167 normal controls).21

Clinical Specimens and 
Immunohistochemistry
HCC patients were considered potential candidates if they 
received curative resection at Meizhou People’s Hospital 
between January 2012 and December 2018. However, only 
70 patients with complete clinicopathological information 
and follow-up data were included in this study. The med-
ian follow-up for the 70 included patients was 38.0 months 
(range, 4–60 months). In addition, the fresh HCC and 
paired adjacent normal tissues from three patients were 
also obtained immediately after surgery. The Ethics and 
Indications Committee of Meizhou People’s Hospital 
approved our study and written informed consent was 
obtained from all patients. The study was conducted in 
accordance with the Declaration of Helsinki.

The 70 HCC and corresponding adjacent normal tissue 
samples were incubated with anti-ARHGAP20 antibody 
(Cell Signaling Technology (CST), # 39,848, 1:500) over-
night at 4°C. Three representative fields were imaged in 
a uniform setting for all slides. Image-Pro Plus v6.2 soft-
ware (Media Cybernetics Inc., Bethesda, MD) was used to 
estimate the staining intensity. The median value of the 
staining intensity was used as the cutoff value to categor-
ize patients into high- and low-ARHGAP20 groups.

Cell Culture
Six human cell lines (LO2, HepG2, HCCLM3, Huh7, 
PLC/PRF/5, and SKHEP1) were cultured. All cell lines 
were obtained from the Chinese Academy of Sciences. All 
cells were cultured in DMEM containing 10% fetal bovine 
serum (Gibco, USA) at 37°C with 5% CO2 and 95% 
humidity according to the manufacturer’s instructions.

Quantitative Real-Time PCR (qRT-PCR)
TRIzol (Gibco, USA) was used to extract total RNA. Then, 
total RNA was used to produce cDNA using the RevertAid 
TM First Strand cDNA Synthesis kit (Thermo, U.S.A.). qRT- 
PCR was performed using the BestarSybrGreen qPCR mas-
ter mix kit (DBI, Germany) and BIO-RAD IQ5qRT-PCR 
System (BIO-RAD, U.S.A.). Gene mRNAs were normalized 
against glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH). The primers used included: human GAPDH, 
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forward 5ʹ-AATCCCATCACCATCTTC-3ʹ and reverse 5ʹ- 
AGGCTGTTGTCATACTTC-3ʹ; and human ARHGAP20, 
forward, 5ʹ-GCCCAACATAGAAGACCAGAAC-3ʹ and 
reverse 5ʹ-CTTGCCCACCTCAATCCC-3ʹ. The 2−ΔCT 

method was used for mRNA quantification.

Western Blotting Analyses
Cultured cell lysates were prepared using a Column Tissue & 
Cell Protein Extraction Kit (Epizyme, Shanghai, China; # 
PC201PLUS). Then total proteins were then separated on 
10% SDS polyacrylamide gels. Primary antibodies against 
ARHGAP20 (Invitrogen, #PA5-23,204), E-cadherin (CST, 
#14,472), MMP2 (Abcam, #ab97779), MMP9 (Abcam, 
#ab228402), Snail (CST, #3879), Twist (Abcam, 
#ab175430), VEGF (Proteintech, 66,828-1-Ig), PI3K 
(Abcam, #ab182651), p-PI3K (Abcam, ab133595), AKT 
(CST, #9272), p-AKT (CST, #4060), and GADPH (CST, 
#5174) were used. Protein levels were normalized against 
GADPH.

Cells Transfection
The ARHGAP20 overexpressing plasmid was purchased 
from GENEWIZ Company (www.Genewiz.com. Genewiz, 
China) and validated by DNA sequencing (Shanghai 
Majorbio Bio-Pharm Technology Co., Ltd, China). The 
validated ARHGAP20 were then inserted into pLVX- 
Puro cloning vector (Clontech Co., USA). Lentivirus 
stocks were produced from 293T cells transfection follow-
ing the manufacturer’s instructions (Biosettia). The lenti-
virus stocks were added to HepG2 and HCCLM3 cell line 
for 16h. After 48–72h, puromycin was added for 3 days to 
obtained stable clones that over-expressed ARHGAP20 
gene. All stably transfected clones were confirmed by 
qRT-PCR and Western blot.

Wound Healing Assay
A total of 8×105 cells in DMEM with 10% bovine serum 
albumin (BSA) were seeded into each well of 35 mm2 plates 
and grown to a fully confluent monolayer overnight. Then, 
a single-line scratch was produced by a sterile tip, and cells 
were washed with phosphate-buffered saline (PBS) three 
times. Cells were further cultured with serum-free medium. 
The wound gaps were observed at 1 h, 12 h, and 24 h.

Transwell Migration Assay
A total of 3×105 cells in serum-free DMEM were seeded 
into the upper chamber of an 8-μm Transwell chamber 
(Beckton Dickinson, Franklin Lakes, NJ, U.S.A.), and 

DMEM with 10% BSA was added to the lower chamber. 
After 24 h incubation at 37°C, the cells in the upper 
chamber were fixed in methanol and then stained with 
Giemsa solution (Beyotime, Nantong, China). Then, the 
migrated cells were photographed and quantified.

Transwell Invasion Assay
A total of 3×105 cells in serum-free DMEM were seeded 
into the upper chamber of an 8-μm Transwell chamber 
precoated with Matrigel (Beckton Dickinson, Franklin 
Lakes, NJ, U.S.A.), and DMEM with 10% BSA was 
added to the lower chamber. After 48 h incubation at 37° 
C, the cells in the upper chamber were fixed in methanol 
and then stained with Giemsa solution (Beyotime, 
Nantong, China). Then, the migrated cells were photo-
graphed and quantified.

Lung Metastasis Model in Nude Mice
Four- to six-week-old weeks male BALB/c nude mice 
were used, with six mice in each group. A total of 1×107 

HCCLM3 tumor cells in 100 µL of solution were injected 
into the tail vein. All mice were sacrificed six weeks later 
and the number of lung metastases was analyzed. In addi-
tion, the fresh lung metastatic nodules were also analyzed 
by Western blot. All mice were purchased from the 
Shanghai Institute of Material Medicine and raised in 
a pathogen-free environment. Animal care and experimen-
tal protocols were approved by the Ethics and Indications 
Committee of Meizhou People’s Hospital following the 
regulations for the Administration of Affairs Concerning 
Experimental Animals and National Institutes of Health 
Guidelines.

Gene Set Enrichment Analyses (GSEA)
For the GSEA, HCC patients were classified into high- and 
low-ARHGAP20 groups by the median mRNA of 
ARHGAP20 in the TCGA-LIHC dataset. GSEA v3.0 (http:// 
www.broadinstitute.org/gsea/, RRID: SCR_003199)22,23 was 
implemented to identify the significantly enriched cancer- 
related terms. Data from non-HCC samples were excluded. 
P<0.05 and a false discovery rate (FDR) q value <0.25 were 
considered statistically significant.

Correlation of KHK mRNA with HCC 
Immune Microenvironment
The TISIDB database (http://cis.hku.hk/TISIDB/browse. 
php)24 was first used to explore the correlation of 
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ARHGAP20 expression with 28 tumor-infiltrating lym-
phocytes (TILs). Then the single sample gene set 
enrichment analysis (ssGSEA) method was applied in 
GSVA version 1.28.0. The R package was applied to the 
TCGA-LIHC dataset to further compare the difference 
in TILs between the high- and low-ARHGAP20 groups 
(also classified by the median value).24–26 Thirteen 
immune-related functions were also evaluated by 
ssGSEA. The cell markers used here were provided in 
Additional file 1: Table S1. The Estimate R package was 
used to estimate the tumor purity and stromal and 
immune cell percentages in the TCGA-LIHC dataset.27

Identification of Potential Inhibitors 
Targeting Dysregulated ARHGAP20
The CMap database (https://portals.broadinstitute.org/ 
cmap/), an online database that record the transcriptional 
responses of human cells to chemical and genetic pertur-
bation, was used to explore potential inhibitors targeting 
the dysregulated ARHGAP20 in HCC. HCC patients were 
classified into high- and low-ARHGAP20 groups by the 
median mRNA of ARHGAP20 in the TCGA-LIHC data-
set. The differentially expressed genes (DEGs) between 
the high- and low-ARHGAP20 groups were screened by 
the limma R package using a value of a p<0.001.28 The 
DEGs were queried in the CMap database to identify 
potential inhibitors that might cause similar transcriptional 
responses. The top 10 inhibitors with the lowest P values 
were further analyzed for their mechanisms of action 
(moA) and drug targets (https://clue.io/).

Statistical Analysis
Statistical analyses were conducted using SPSS V19.0 (SPSS 
Inc., USA) and R software V3.5.1 (R Foundation for 
Statistical Computing, Vienna, Austria), and the results were 
presented using GraphPad Prism v7.00 (GraphPad Software 
Inc., U.S.A.). Pearson χ2 tests, Fisher’s exact tests, t-tests, or 
Wilcoxon tests were used as appropriate. Multivariate Cox 
regression analyses were performed with a forward stepwise 
procedure. P<0.05 was considered statistically significant.

Results
ARHGAP20 Was Downregulated in HCC
We first explored the expression of ARHGAP20 in public 
databases including TIMER, Oncomine, and HCCDB. In the 
TIMER database, a total of 15 cancers, including HCC, 
showed significantly lower ARHGAP20 expression in tumors 

compared with the normal controls (Figure 1A). In the 
Oncomine database, significantly lower ARHGAP20 expres-
sion was also identified in eight types of cancer (also includ-
ing HCC) compared with the normal controls (Figure 1B). 
Then, we focused on the expression of ARHGAP20 in HCC. 
The HCCDB database is a public database that includes ten 
different HCC datasets for ARHGAP20 analysis. Eight out of 
ten datasets showed significantly lower ARHGAP20 in HCC 
than their normal controls in the HCCDB database (Figure 
1C). The protein expression of ARHGAP20 in paired HCC 
and normal tissues was examined. Consistent with the results 
from the online database, HCC showed lower ARHGAP20 
protein expression than normal tissues (Figure 1D and E). 
Taken together, these data revealed that ARHGAP20 was 
significantly downregulated in HCC.

ARHGAP20 Expression Inhibited HCC 
Migration and Invasion
To select appropriate cell lines for further investigation, we 
estimated the expression of ARHGAP20 in six cell lines 
(LO2, HepG2, HCCLM3, Huh7, PLC/PRF/5, and 
SKHEP1). HepG2 and HCCLM3 cells showed the lowest 
ARHGAP20, while the normal liver cell line LO2 exhibited 
the highest ARHGAP20 (Figure 2A). Therefore, the HepG2 
and HCCLM3 cell lines were selected for subsequent experi-
ments. We transfected HepG2 and HCCLM3 cells with an 
ARHGAP20 overexpression plasmid to enhance the expres-
sion of ARHGAP20 (OE cells) (Figure 2B and C). 
Upregulation of ARHGAP20 inhibited the expression of pro-
gression-related markers (including MMP2, MMP9, Snail, 
Twist, VEGF) but promoted the expression of the epithelial 
marker E-cadherin (Figure 2D). The upregulation of 
ARHGAP20 significantly inhibited wound healing, cell 
migration, and cell invasion (Figure 2E and J). Taken together, 
these data show that the upregulation of ARHGAP20 expres-
sion inhibited HCC migration and invasion.

ARHGAP20 Partially Inhibited the 
PI3K-AKT Signaling Pathway
To explore the potential signaling pathways involved in 
the dysregulated ARHGAP20 in HCC, we conducted the 
GSEA in TCGA-LIHC dataset. Using P<0.05 and 
FDR<0.25 as cutoffs, a total of four protein kinase 
B (AKT)-related signaling pathways, including the 
Biocarta AKT pathway, Creighton AKT signaling via 
mTOR DN/Up, and Bhat ESR1 targets via AKT DN, 
were significantly enriched (Figure 3A). Therefore, we 
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further evaluated whether upregulated ARHGAP20 influ-
enced the AKT signaling pathway. As shown in Figure 3B, 
upregulated ARHGAP20 inhibited the phosphorylation of 
AKT and phosphoinositide 3-kinase (PI3K) in the 
HCCLM3 cell line. Furthermore, while upregulated 
ARHGAP20 significantly inhibited the migration and 
invasion of HCCLM3 cells, adding rhIGF-1 (an agonist 
of the PI3K/AKT signaling pathway) could partially 
reversed the progression inhibition following 
ARHGAP20 overexpression (Figure 3C and D). Taken 
together, these results indicated that ARHGAP20 could 
partially inhibit the PI3K-AKT signaling pathway in HCC.

ARHGAP20 Promoted Lung Metastasis in 
Nude Mice
Next, lung metastasis models in mice were established 
(Figure 4A and B). Overexpression of ARHGAP20 

significantly decreased the number of lung metastases in 
nude mice (Figure 4C). Furthermore, upregulated 
ARHGAP20 also inhibited the expression of progression- 
related markers (including MMP2, MMP9, Snail, Twist, 
and VEGF) but promoted the expression of the epithelial 
marker E-cadherin in vivo. Upregulated ARHGAP20 also 
inhibited the phosphorylation of AKT and PI3K 
(Figure 4D).

ARHGAP20 is Correlated with HCC 
Immune Microenvironment
The high ARHGAP20 group showed a significantly 
higher immune score and lower tumor purity than the 
low ARHGAP20 group (Additional file 2: Figure S1), 
indicating that ARHGAP20 might participate in the reg-
ulation of the HCC immune microenvironment. 
Therefore, to further compare the difference in TILs 

Figure 1 Expression of ARHGAP20 across various cancers and in HCC. (A) mRNA expression of ARHGAP20 in the Oncomine database; (B) mRNA expression of 
ARHGAP20 mRNA in the TIMER database; (C) mRNA expression of ARHGAP20 in the HCCDB database; (D) protein expression of ARHGAP20 in three HCC patients by 
Western blot; and (E) protein expression of ARHGAP20 in three HCC patients by immunohistochemistry. 
Notes: ***P <0.001, **P <0.01.
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between high- and low-ARHGAP20 patients, the TISIDB 
database was then explored. Significant correlations were 
defined as Spearman correlation > 0.30 and P<0.05. 
ARHGAP20 was significantly correlated with different 
TILs in various cancers (Figure 5A), while ARHGAP20 
was merely significantly correlated with natural killer 
(NK) cells, immature B cells, Type 1 helper (Th1) cells, 
and Type 2 helper (Th2) cells in HCC (Figure 5B). 
ssGSEA showed that the proportions of six antitumor 
TILs (Tem CD4, Tem CD8, Tcm CD4, Tcm CD8, Th1, 

and NK), six pro-tumor TILs (CD56dim, Treg, iDC, 
macrophage, MDSC, and neutrophil), and four other 
TILs (Act B, Mem B, Imm B, and monocyte) were 
significantly higher in the high-ARHGAP20 group than 
in the low-ARHGAP20 group (Figure 5C). Immune- 
related function analyses indicated that the CCR, HLA, 
parainflammation, and Type II IFN responses were also 
significantly higher in the high-ARHGAP20 group than 
in the low-ARHGAP20 group (Figure 5D). Based on the 
above results, we further investigated the distribution of 

Figure 2 ARHGAP20 inhibited HCC migration and invasion. (A) Expression of ARHGAP20 in six cell lines; (B) expression of ARHGAP20 in HCCLM3 cell line after 
lentivirus transfection; (C) expression of ARHGAP20 in HepG2 cell line after lentivirus transfection; (D) ARHGAP20 inhibited the expression of progression-related 
markers; (E) ARHGAP20 inhibited wound healing in HCCLM3 cell line; (F) ARHGAP20 inhibited wound healing in HepG2 cell line; (G) ARHGAP20 inhibited cell migration 
in HCCLM3 cell line; (H) ARHGAP20 inhibited cell invasion in HCCLM3 cell line; (I) ARHGAP20 inhibited cell migration in HepG2 cell line; and (J) ARHGAP20 inhibited cell 
invasion in HepG2 cell line. P-value: ****<0.0001<***<0.001<**<0.01. 
Abbreviations: HCC, hepatocellular carcinoma; OE, overexpression group.

http://doi.org/10.2147/JHC.S298554                                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Journal of Hepatocellular Carcinoma 2021:8 276

Liu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


markers of some TILs or immune function. The markers 
of CCR (including CCR2/4, XCR1, and CX3CR1) and 
HLA (HLADPA1) were most differently distributed 
when comparing the high- and low-ARHGAP20 groups 
(Additional file 3: Figure S2). Taken together, these 
results indicated a close correlation of ARHGAP20 with 
the HCC immune microenvironment, especially NK cells, 
Th1/2 cells, B cells, CCR, and HLA molecules.

Identification of Potential Inhibitors 
Targeting Dysregulated ARHGAP20
To identify potential inhibitors targeting dysregulated 
ARHGAP20, we first screened the DEGs between the 
high- and low-ARHGAP20 group. As a result, 378 upre-
gulated and 385 downregulated DEGs were identified. 
These genes were queried in the CMap database, and the 
top ten potential inhibitors identified are shown in Table 1. 
Not surprisingly, three out of the top ten inhibitors targeted 
PI3K-AKT-related signaling pathways (wortmannin, siro-
limus, and LY-294,002). The other seven potential inhibi-
tors included three histone deacetylase (HDAC) inhibitors 

(trichostatin-a, valproic-acid, and MS-275), two heat 
shock protein (HSP) inhibitors (geldanamycin andtanespi-
mycin), one dopamine receptor antagonist (trifluopera-
zine), and one topoisomerase inhibitor (irinotecan). 
A few inhibitors have been approved for the treatment of 
colorectal cancer (irinotecan), organ rejection (sirolimus), 
or neuropsychic disorders (trifluoperazine, valproic-acid). 
However, six of the identified inhibitors are still being 
tested in clinical trials.

ARHGAP20 Expression is Correlated 
with the Survival of Cancer Patients
To explore the clinical role of dysregulated ARHGAP20 
in HCC, an IHC assay was conducted in 70 patients 
with complete relevant clinical information. 
Representative IHC images are shown in Figure 6A. 
While ARHGAP20 was relatively strongly stained in 
the cytoplasmic regions of adjacent normal tissue, its 
expression in most HCC tissues was weak. Low- 
ARHGAP20 expression was significantly correlated 
with larger tumor size (P=0.031) and vascular invasion 

Figure 3 ARHGAP20 inhibited the PI3K-AKT signaling pathway in HCCLM3 cells. (A) Gene set enrichment analysis in the Cancer Genome Atlas-liver hepatocellular 
carcinoma dataset; (B) expression change of the PI3K-AKT signaling pathway markers following ARHGAP20 overexpression in HCCLM3 cells; (C) change of wound healing 
following ARHGAP20 overexpression and activation of PI3K-AKT signaling pathway; (D) change of cell migration following ARHGAP20 overexpression and activation of the 
PI3K-AKT signaling pathway; and (E) change of cell invasion following ARHGAP20 overexpression and activation of the PI3K-AKT signaling pathway. P-value: 
****<0.0001<***<0.001<**<0.01. 
Abbreviation: OE, overexpression group.
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(P=0.017) (Table 2). Patients in the low-ARHGAP20 
group exhibited significantly shorter OS (HR=0.11, 
95% CI 0.04–0.29; P <0.001) but not RFS (Figure 
6B). In addition to the traditional TNM stage, low- 
ARHGAP20 expression was another independent prog-
nostic factor for HCC OS but not RFS (Figure 6C and 
D). Taken together, these results indicated that 
ARHGAP20 expression might be a promising indepen-
dent prognostic factor for HCC OS.

Discussion
Although some GAPs have been implicated in various 
cancers, the expression and role of ARHGAP20 in cancer, 
especially in HCC, remain unknown. In this study, we 
found that ARHGAP20 served as a tumor suppressor 
gene (TSG) in HCC by negatively regulating migration 
and invasion. Furthermore, we revealed that downregu-
lated ARHGAP20 was significantly correlated with larger 
tumor size and vasular invasion and could be used as an 

Figure 4 ARHGAP20 inhibited HCC progression by regulating the PI3K-AKT signaling pathway in nude mice. (A) Representative lung metastatic nodules following 
HCCLM3 cell injection. (B) Representative pathological staining for lung metastatic nodules. (C) ARHGAP20 decreased the number of lung metastatic nodules. (D) 
ARHGAP20 inhibited the expression of progression-related markers and PI3K-AKT signaling pathway markers. ***P-value <0.001. 
Abbreviation: OE, overexpression group.
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Figure 5 ARHGAP20 is correlated with the HCC immune microenvironment. (A) Correlation of ARHGAP20 expression with 28 tumor-infiltrating lymphocytes (TILs) in 
TISIDB database (http://cis.hku.hk/TISIDB/browse.php); (B) significantly correlated TILs in TISIDB database; (C) violin plot showing the difference of 28 TILs between the 
high- and low-ARHGAP20 groups; and (D) violin plot showing the difference of 13 immune-related functions between the high- and low-ARHGAP20 groups. 
Abbreviation: LIHC, liver hepatocellular carcinoma.
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adverse independent prognostic factor for HCC OS but not 
RFS. Therefore, for the first time, we found that 
ARHGAP20, as a TSG, could inhibit HCC progression 
and serve as a novel independent prognostic biomarker 
for HCC.

PI3K/AKT phosphorylation and activation are neces-
sary for HCC progression and metastasis.29 Based on the 
GSEA results, we found that ARHGAP20 upregulation 
suppressed the phosphorylation of AKT/PI3K molecules, 
while exposure to the PI3K-AKT pathway agonist rhIGF-1 
partially rescued HCC inhibition caused by upregulated 
ARHGAP20. Furthermore, CMap analyses identified 
three PI3K-AKT-mTOR inhibitors potentially targeting 
ARHGAP20. All these results indicate that ARHGAP20 
could exert its function by regulating the PI3K-AKT 

signaling pathway. However, the mechanism by which 
ARHAP20 regulates the PI3K/AKT phosphorylation and 
whether ARHAP20 exerts other functions via the PI3K- 
AKT signaling pathway remain to be further clarified. In 
addition, CMap analyses also identified several other 
potential inhibitors targeting dysregulated ARHGAP20, 
such as drugs targeting HDAC, HSP, dopamine receptor, 
and topoisomerase. Although, experimental data on the 
true effects of these drugs during ARHGAP20 dysregula-
tion might provide promising directions for further 
mechanistic exploration, such data are lacking.

Weakened antitumor immunity and the enhanced pro-
tumor immunity lead to a dysregulated immune environ-
ment during HCC progression.30 The high-ARHGAP20 
group exhibited a significantly higher proportion of NK 

Table 1 The Top 10 Potential Drugs Potentially Targeting Dysregulated ARHGAP20

Rank CMap Name Mean N Enrichment 
Score

P-value Mechanisms of 
Action

Representative 
Targets

Indications or Clinical 
Phase

1 Irinotecan −0.776 3 −0.984 <0.00001 Topoisomerase 

inhibitor

TOP1, TOP1MT Colorectal cancer

2 Trifluoperazine 0.560 16 0.643 <0.00001 Dopamine receptor 

antagonist

ADRA1A/2/4 Schizophrenia

3 Trichostatin-a 0.551 182 0.628 <0.00001 HDAC inhibitor HDAC1/2/3/4/5/ 

6/7/8/9/10

Phase 1

4 Wortmannin 0.519 18 0.626 <0.00001 PI3K inhibitor PI4KA, PI4KB, 

PIK3CA/D/G, 
PIK3R1, PLK1, 

PRKDC

Preclinical

5 Geldanamycin 0.607 15 0.614 <0.00001 HSP inhibitor HSP90AA1 Preclinical

6 LY-294,002 0.468 61 0.521 <0.00001 DNA dependent 
protein kinase 

inhibitor/mTOR 

inhibitor/ 
phosphodiesterase 

inhibitor/PI3K 

inhibitor/PLK 
inhibitor

AKT1,GSK3B, 
MAPK1,MTOR, 

PLK1, PIK3CA/B/ 

D/G

Preclinical

7 Sirolimus 0.477 44 0.463 <0.00001 mTOR inhibitor FKBP1A, MTOR Organ rejection, 
lymphangioleiomyomatosis

8 Tanespimycin 0.437 62 0.449 <0.00001 HSP inhibitor HSP90AA1 Phase 3

9 Valproic-acid 0.233 57 0.363 <0.00001 Benzodiazepine 

receptor agonist/ 
HDAC inhibitor

HDAC1/2/9 Epilepsy/seizures

10 MS-275 0.856 2 0.997 <0.00001 HDAC inhibitor HDAC1/2/3/9 Phase 3
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cells and Th1 cells but not Th2 cells, which might help 
retain antitumor immunity. It seems contradictory that 
some protumor TILs (CD56dim, Treg, iDC, macrophage, 
MDSC, neutrophil) and proinflammatory chemokines 
(such as CCR2,31 and CCR432) were also significantly 
higher in the high-ARHGAP20 group. These results 
should be explained with great caution. On the one hand, 
high infiltration of these immune-suppressive TILs or 
immune molecules might also reflect an adaptive state 
for the overenhanced antitumor immunity in the high- 
ARHGAP20 group.33 On the other hand, the actual 
immune environment should represent the collective effect 
of antitumor and protumor components. Our results might 
indicate a close correlation of ARHAP20 expression with 
HCC immune components; however, they were merely 
descriptive and warrant further experimental validation.

To our knowledge, this is the first functional study 
to determine how dysregulated ARHGAP20 partici-
pates in HCC progression and identify promising inhi-
bitors targeting ARHGAP20. However, some 

limitations do exist. First, the sample size of the 
included HCC patients was small, and the prognostic 
role of ARHGAP20 in HCC needs to be further inves-
tigated in more independent cohorts with a large sam-
ple size. Second, the direct-acting mechanisms 
underlying the participation of ARHGAP20 in HCC 
progression should be further explored. Third, our 
study focused on invasion and migration phenotypes, 
and the ability of ARHGAP20 to regulate other phe-
notypes such as proliferation, apoptosis and cell cycle, 
remains to be evaluated. Fourth, whether ARHGAP20 
silencing has an opposite function of ARHGAP20 
overexpression was not investigated.

Conclusions
In conclusion, our study revealed that ARHGAP20 was 
downregulated in HCC tissues and cells. ARHGAP20 
could inhibit HCC progression by regulating the PI3K- 
AKT signaling pathway and the immune microenviron-
ment in HCC.

Figure 6 The clinical significance of ARHGAP20 dysregulation in HCC. (A) Representative image of ARHGAP20 expression in HCC tissues; (B) Kaplan–Meier survival 
curve showing the difference in overall survival (OS) and recurrence-free survival (RFS) in high- and low-ARHGAP20 HCC patients; (C) Cox regression analyses for OS in 
the Meizhou HCC cohort; and (D) Cox regression analyses for RFS in the Meizhou HCC cohort.
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