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Aim: Several Rho GTPase-activating proteins (Rho GAPs) have been proved to serve as
tumor suppressors in diverse human cancers. Among them, ARHGAP25 has also been found
to be associated with hematopoietic cells and regulate phagocytosis. Little is known about
the role of ARHGAP2S in lung cancer cells.

Methods: Quantitative real-time PCR and Western blot were used to measure the expression
levels of ARHGAP25. The ability of cell growth and mobility were measured by cell
proliferation and Transwell assays. Chromatin immunoprecipitation and luciferase assay
were conducted to identify the transcriptional regulation.

Results: Lung cancer tissues had much lower expression level of ARHGAP25 compared to
non-cancerous specimens as well as for lung cancer cells. Cell growth and mobility were
strongly reduced when ARHGAP25 was overexpressed. Further, significantly negative
correlation between ARHGAP25 expression and Wnt signaling pathway was observed.
Overexpression of ARHGAP25 reduced the expression of B-catenin and matrix metallopro-
teinase-7. ARHGAP25 knockdown effect of increased abilities of cell proliferation, migra-
tion and invasion could be reversed by adding XAV939 inhibitor. The promoter site of
ARHGAP25 could be bound with HOXA4. HOXA4 could regulate the transcriptional
activity of ARHGAP25.

Conclusions: This study suggests that ARHGAP25 may inhibit lung cancer cell growth,
migration and invasion through Wnt/B-catenin signaling pathway and its transcriptional
activity can be regulated by HOXA4.
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Introduction
Lung cancer is still the leading cause of cancer-related mortality worldwide, with
>1.8 million newly diagnosed cases and over 1.5 million deaths annually."* Non-
small cell lung cancer (NSCLC) is one of the common types of lung cancer which
accounts for almost 85% of the cases.® The 5-year survival is still low mainly
because initial symptoms were not prominent and highly efficient therapies were
lacked in lung cancer patients with local advance or metastasis.* Besides traditional
therapies including surgery and neoadjuvant chemotherapy, targeted therapy and
immunotherapy are two critical treatment strategies for lung cancer. Thus, explor-
ing and clarifying the mechanism of lung carcinogenesis is urgent and necessary.
Rho GTPases belong to Ras superfamily which function as GTP-binding proteins.
Rho GTPases are involved with multiple key biological functions such as cell cycle
progression, cytoskeletal organization, and malignant transformation.” Rho GTPases
have been found to be dysregulated in tumors and play critical roles in tumor development
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and progression.® Rho GTPase-activating protein 25
(ARHGAP25) belonging to Rho GTPase-activating proteins
(RhoGAPs) can facilitate the intrinsic hydrolysis of GTP and
negatively regulate the activity of Rho GTPases. Thuault et al
first suggested that ARHGAP25 was associated with cancer.’
ARHGAP25 has also been found to be associated with hema-
topoietic cells and regulate phagocytosis.®” However, the bio-
logical function of ARHGAP2S in lung cancer has not been
clarified.

Embryonic and mature lung formation has been reported to
be associated with the Wnt/B-catenin signaling pathway which
is relatively conservative.'” Increasing evidence indicates the
importance of Wnt/B-catenin signaling pathway that is asso-
ciated with proliferation, metastasis and prognosis of diverse
cancers including lung cancer.'""'? Increasing investigations
suggested that down-regulated B-catenin contributed to shorter
survival in NSCLC implying the importance of B-catenin.'*'*
Key molecules targeted by Wnt/B-catenin signaling pathway
are identified including matrix metalloproteinase-2 (MMP-2),
MMP-7/9, c-Myc, Axin-2.1571 Among them, MMP-7 is
found to be involved with tumor metastasis, invasion.'®!°

Transcription factors encoded by the Homeobox
(HOX) gene family could regulate cell differentiation
and embryonic formation.”® Previous study indicated that
HOXA4 was involved with the patterning of mouse
lung.?' Basu et al found that HOXA4 was lowly
expressed, involved with the ability of lung cell growth
and mobility and suppressed the activity of Wnt/B-catenin
signaling pathway.'® This indicate that HOXA4 may serve
as an important transcription factor in lung cancer.

Our
ARHGAP25 in lung cancer tissues and cell lines, and
then found that the biological functions of ARHGAP25
including cell growth, migration and invasion inhibition

study firstly identified down-regulation of

were mediated by the Wnt/B-catenin signaling pathway.
Further experiments suggested that HOXA4 could regulate
the transcription of ARHGAP25.

Materials and methods

Clinical specimens

This research was approved by the Ethics Committee of
Liaoning Cancer Hospital and Institute (Shenyang, China).
Written informed consent was obtained from all partici-
pants. Research in this study was performed according to
the provisions of the Declaration of Helsinki of 1975.
Lung cancer and adjacent noncancerous tissues were
obtained from 30 patients who received surgery at
Departments of Medical Oncology, Liaoning Cancer
Hospital and Institute (Shenyang, China). We collected
clinical data from medical records including age, sex,
tumor size, smoking, and lymph node metastasis status
(Table 1). All tissues were frozen in liquid nitrogen after
surgical resection and stored at —80°C for further analysis.

Data collection and signaling pathway
analysis

We downloaded level 3 lung cancer cohort (LUAD) in the
Cancer Genome Atlas (TCGA) database (https://cancergen
ome.nih.gov/). A total of 488 lung cancer specimen were

Table | Correlation of ARHGAP25 expression with patients’ features

Variables All cases ARHGAP25 mRNA P-value
Low (n=15) High (n=15)

Age at surgery <55 12 4 8 0.2519
255 16 10 6

Gender Male 14 5 9 0.2723
Female 16 10

Smoking status Smoker 16 6 10 03718
Non-smoker 15 9 6

Tumor size <5cm K] 3 10 0.0271*
25 cm 17 12 5

Lymphnode metastasis Absent Il 2 9 0.0231*
Present 19 13

Cancer type Lung adenocarcinoma 30 15 15 NS

Notes: Fisher’s exact test; *P<0.05.
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included lung adenocarcinoma from TCGA dataset. We
used two sample’s r-test to test the difference of
ARHGAP25 expression in two groups. We used gene set
enrichment analysis (GSEA) to screen out dysregulated
gene sets involved with the expression of ARHGAP25.
GSEA was implemented within the JAVA program (http://

www.broadinstitute.org/gsea, version 3.0).%%**

Cell culture

Lung cell lines were bought from Cell Bank of Chinese
Academy of Sciences (Shanghai, China). NCI-H1299,
NCI-H1975, NCI-H446 cells were cultured in RPMI
1640 medium (Invitrogen, Carlsbad, CA, USA) with
10% FBS while DMEM with 10% FBS was used culture
for A549 and 293T cells. The temperature of cell incubator
was set at 37°C with 5% COs,.

Total RNA extraction and qRT-PCR

analysis

Total RNA was extracted using TRIzol reagent (Takara,
Shanghai, China), and the PrimeScriptP RT Reagent Kit
(Perfect Real Time; Takara) was used for reverse transcription.
Applied Biosystems 7500 Fast Real-Time PCR System
(Applied Biosystems) was applied to perform quantitative
PCR. Relative expression of target genes was normalized by
GAPDH. All the PCR primers involved were listed as below:
ARHGAP25, 5-GAAGCAGCTCTCCATCCTTC-3' and 5'-
CCAGGTTGTCCACACTCATC-3'; B-catenin, 5'-CGACA
CCAAGAAGCAGAGATG-3' and 5-GGGACAAAGGGC
AAGATTTCG-3"; HOXA4 (NM_002141.4), 5'-TGGATA
CCTGAGAAGGACTAC-3' and 5-GGATGAGCTGCCT
TAATG-3'; MMP-7 (NM_002423.4), 5-TCTTTGGCC
TACCTATAACTG-3' and 5-CACTGTAATATGCGGT
AAGTC-3’; GAPDH (NM_001256799.2), 5-AGGCTGTT
GTCATACTTC-3' and 5-AATCCCATCACCATCTTC-3'.

Western blot
Protein extraction buffer (Beyotime, Shanghai, China) was
used to extract total protein. Proteins were quantified using
BCA Protein Assay Kit (Thermo Fisher Scientific, West
Palm Beach, FL, USA); 50 pg proteins per well were
added to 10% or 12% SDS polyacrylamide gels and
were transferred to polyvinylidene fluoride (PVDF) mem-
branes (Bio-Rad, Hercules, CA, USA) after electrophor-
esis. The membranes were incubated for blocking in 5%
non-fat milk at 4°C and then incubated with primary anti-
bodies overnight.

The corresponding proteins were

evaluated by using the enhanced chemiluminescent sub-
strate (Millipore, Billerica, MA, USA). Antibodies against
ARHGAP25 (ab192020), MMP-7 (ab5706) and HOXA4
(ab131049), and B-catenin (#8480) and GAPDH (#5174)
were used to conduct Western blot analysis.

Cells transfection

The coding regions of ARHGAP25 and HOXA4 were
amplified using corresponding primers as follows and
integrated with lentivirus vector: ARHGAP25: 5'-CG
GAATTCATGTCCCTAAAATTGCCAAGG -3’ (EcoRI);
5'-CGGGATCCTTAAGCCTCGGTCTTG-3"  (BamHI).
HOXAA4: forward 5'- CCCAAGCTTATGACCATGAGCT
CGTTTTTG-3' (EcoRI); 5-CGGAATTCTTATATGGAG
GAGGGAACG-3' (BamHI). Sequences underlined repre-
sented the restriction sites. ShRNAs targeting ARHGAP25
were constructed and integrated with pLKO.1 plasmids.
Sites for targeting were listed as below: sShAARHGAP25#1
(sites 1255-1273), CCATCCTTCCTCGTGACAA; shAR
HGAP25#2 (sites 1738-1756), GGACTCAAACACTCCC
TAA; shARHGAP25#3 (sites 1895-1913), CCAACTTT
CTGACTCCCAA. Lipofectamine 2000 was used to facil-
itate the transfection of these constructs together with
lentivirus plasmids. We collected lentiviruses after trans-
fection for 48—72 hrs and then used them to transfect cells.

Tumor cell growth

Cell growth rate was evaluated using Cell Counting Kit-8
(CCK-8). Briefly, a density of 1500 cells/well was cultured
in 96-well plates using 100 pL medium where these cells
were transfected with corresponding lentivirus or vectors.
ARHGAP25 shRNAs and XAV939 (Selleck Chemicals,
Houston, TX, USA) were transfected into NCI-H1299
cells. Cell culture medium was replaced with CCK-8 solu-
tion at 0, 24, 48 and 72 hrs, respectively, and cultured for 1
hr at 37°C. A microplate reader (Bio-Rad) was used to
evaluate OD at 450 nm.

Cell migration and invasion assay

Cells were collected after transfected for 48 hrs and then
2x10° cells were seeded into the upper chamber of the
transwell chambers. The lower chamber was filled with
600 pL cultured medium attenuated by 20% FBS. Cells
which have passed through the membranes were fixed
after incubation at 37°C with 5% CO,, followed by crystal
violet staining and cell counting.
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Transwell invasion was conducted as transwell migra-
tion while the membranes were appended with Matrigel
(BD Bioscience, Franklin Lakes, NJ, USA).

Luciferase assay

To evaluate transfection efficiency, designated combina-
tions of pGL3-HOXA4 wild type (WT), pGL3-HOXA4
overexpression, pGL3 with siRNA and plasmids were
transiently transfected in triplicate with lipo 3000 trans-
fection reagent (Invitrogen) according to the manufac-
turer’s protocol. Luciferase activity was evaluated after
transfection for 24 hrs using the Dual-Luciferase
Fitchburg, WI,
USA). Luciferase activity of the construct was divided

Reporter Assay System (Promega,
by the corresponding renilla luciferase activity to nor-
malize the variation of transfection efficiency.

Chromatin immunoprecipitation (ChlP)

A cChIP assay kit (Upstate, Millipore) was used to con-
duct ChIP assay in NCI-H1299 cells based on the manu-
facturer’s instruction. ChIP analysis was performed as
previously mentioned.?* Immunoprecipitated DNA was
amplified with primers targeting ARHGAP25 promoter:
5'-AGTTTGAACGCTGACAGGAAGG-3' (forward), 5'-
GGGAGGGTTTTGATGTATTTGG-3' (reverse) and non-
specific rabbit IgG was applied as negative control.
Agarose gel electrophoresis (2%) was used to resolve
PCR products followed by PCR which was performed in
duplicate in a reaction system (10 mL) containing eluted
immunoprecipitated DNA (3 mL). The amount of DNA
combining with the corresponding antibody was evaluated
by comparing with the total input DNA in each assay.

Statistical analysis

All statistical analyses using
GraphPad Prism (version 6.0; GraphPad Software,
Inc., La Jolla, CA, USA). Statistical test of mRNA
expression of ARHGAP25 in our own cohort was per-
formed with Student’s #-test.
ARHGAP25 expression and clinical parameters was

were carried out

Correlation between

tested by chi-squared test or Fisher’s exact test. All
the in vitro experiments were repeated at least three
times. ANOVA test was used to examine the differ-
ences in vitro experiments. Differences were consid-
ered significant when P-value was <0.05.

Results
ARHGAP25 is down-regulated in lung

cancer tissues and cell lines

We initially analyzed ARHGAP25 expression on lung
cancer cohort derived from TCGA. The expression of
ARHGAP30 was significantly down-regulated in cancer
tissues compared with adjacent normal lung tissues
(Figure 1A, P<0.0001). For confirmation, we collected
30 paired samples to measure the expression of
ARHGAP25. Consistently,
expression of ARHGAP25 than paired normal tissues
(Figure 1B, P<0.001). We then divided these 30 cases
into low- or high-expression group using the median
mRNA level as the cut-off value. ARHGAP2S5 expression
was correlated with tumor size and lymph node metastasis

tumor tissues had lower

(Table 1). In addition, we evaluated the protein level of
ARHGAP25 on seven paired samples and found that
ARHGAP25 was also decreased at protein level in tumor
tissues (Figure 1C, Figure S1). Immunohistochemical
assay also indicated that ARHGAP25 level was much
lower in lung cancer tissues compared to paired normal
tissues (Figure S2).

Also, the expression of ARHGAP25 was evaluated in
four lung cancer cell lines using qRT-PCR and Western blot
(Figure 1D and E). Among these cell lines, NCI-H1299 cell
showed higher expression levels while NCI-H1975 and
NCI-H446
Therefore, these three cell lines were used for further experi-

cells displayed lower expression levels.
ments. Altogether, these results implied that the expression

of ARHGAP25 was remarkably reduced in lung cancer.

ARHGAP25 inhibited tumor growth

To explore roles of ARHGAP2S5, we initially overexpressed
ARHGAP25 by transfecting lentivirus into two cell lines
(NCI-H1975 and NCI-H446). Our results suggested that
ARHGAP25 was significantly increased at both mRNA and
protein levels in these two cell lines, while vector group had
no influence on ARHGAP25 expression (Figure 2A and B).
Also, after transfected for 48 and 72 hrs, cell growth rate was
much lower in ARHGAP25-overexpressed group than that in
vector group while the difference between vector group and
WT group was not significant (Figure 2C). These results
were consistent with that in NCI-H446 cells (Figure 2D).
These results implied that cell growth could be inhibited by
ARHGAP25 in lung cancer.
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qRT-PCR were conducted in four lung cancer cell lines. **P<0.001.

ARHGAP25 inhibited tumor migration

and invasion

We performed transwell assays to test the influence of
ARHGAP25 on cell mobility. Our results indicated that
the migration and invasive capabilities of ARHGAP25
overexpressed group were significantly reduced com-
pared with vector group in both NCI-H1975 (Figure
3A) and NCI-H446 (Figure 3B). Our finding indicated
that ARHGAP25 might repress the mobility of lung
cancer.

ARHGAP?25 inhibited the Wnt/B-catenin

signaling pathway

By using GSEA in lung cancer cohort from TCGA, we
observed negative correlation between ARHGAP25
expression and the Wnt/B-catenin pathway (Figure 4A).
To further our analysis, the expression of B-catenin and
MMP-7 which were downstream effectors of Wnt/f-
catenin pathway was further evaluated. We found that the

activity of the Wnt/B-catenin signaling pathway could be
inhibited by ARHGAP25 (Figure 4B-D).

Role of HOXAA4 in the regulation of
ARHGAP25 expression

Transcription factors encoded by HOX family are
involved with cell fate and embryo formation.?’
HOXA4 has been proved to be involved with reduced
cell growth and motility in lung cancer which means
HOXA4 may function as an important transcription factor
in lung cancer progression.”> Therefore, we examined
whether HOXA4 increased expression of ARHGAP25
by regulating the transcriptional activity of ARHGAP25.
By performing qRT-PCR and Western blotting assays, we
found that overexpression of HOXA4 could significantly
up-regulate the expression levels of ARHGAP25 at pro-
tein and mRNA levels, respectively (Figure 5A and B).
Further, knockdown of HOXA4 dramatically decreased
the transcriptional activity of the ARHGAP25 promoter
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in a luciferase assay, while HOXA4 overexpression sig-
nificantly up-regulated the transcriptional activity of the
ARHGAP25 promoter (Figure 5C). These results implied
that HOXA4 might up-regulate the expression of
ARHGAP25 through modulation of the transcriptional
activity of ARHGAP25. In addition, the CHiP assay
also demonstrated that HOXA4 might directly bind to
the promoter of ARHGAP25 and further regulate the
transcriptional activity of ARHGAP25 (Figure 5D).

Role of ARHGAP25 was mediated by the
Wnt/B-catenin signaling pathway

More and more investigations indicated that the Wnt/fB-
catenin signaling pathway was involved with lung cancer
cell growth and mobility.'"'? To further investigate the
relationship between the Wnt/B-catenin signaling pathway
and roles of ARHGAP25, ARHGAP25 knockdown cells
were additionally transfected with Wnt inhibitor, XAV939.

Three specific shRNAs were designed to knockdown
ARHGAP25 expression (Figure S3), and we found that
sh#1 showed the highest knockdown efficiency which was
then used for further experiments.

We found that cell growth rate (Figure 6A) and mobility
(Figure 6B) of NCI-H1299 cells remarkably increased when
ARGHAP25 was knocked down which could be compro-
mised when XAV939 was added. Also, ARHGAP25 knock-
down significantly up-regulated B-catenin and MMP-7
which could be abrogated by adding XAV939 (Figure 6C).
In addition, knockdown of HOXA4 also significantly
strengthened the proliferation which could be abrogated by
ARHGAP25 (Figure 6A) as well as migration and invasion
(Figure 6B). HOXA4 knockdown could up-regulate f-
catenin and MMP-7 which was compromised by
ARHGAP25. These results suggested that Wnt/B-catenin
signaling pathway could mediate the inhibitory effects of
ARHGAP25 on cell growth, migration, and invasion, and
these effects of ARHGAP2S5 could be regulated by HOXA4.
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Figure 5 Role of HOXA4 in the regulation of ARHGAP2S5 in lung cancer. Western blot (A) and qRT-PCR (B) were conducted in NCI-H 1975 and NCI-H446 cells in which
HOXA4 was overexpressed. (C) The transcriptional activity of ARHGAP25 promoter was detected by luciferase assay after transfection of HOXA4 siRNA or over-
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HOXAA4.
Note: **P<0.001.

Discussion
ARHGAP25 was first reported to be correlated with cancer by
Thuault et al.” Recently, ARHGAP25 has also been found to
be involved with hematopoietic cells and played an important
role in regulating phagocytosis and corresponding superoxide
production.®#® In this research, lower expression of
ARHGAP25 was identified in lung cancer (Figure 1). To
explore the biological function of ARHGAP2S5, we transfected
lentivirus into lung cancer cells to overexpress ARHGAP25.
Our findings indicated aberrant expression of ARHGAP25
could reduce cell growth rate (Figure 2C and D) and mobility
(Figure 3) of lung cancer cells, while the contrary effects could
be observed when ARHGAP25 was knocked down (Figure
6A and B). These results suggest that ARHGAP25 may sup-
press tumor progression by acting as a tumor suppressor.
Further, we tried to clarify the underlying mechanism
of how ARHGAP25 correlated with lung cancer develop-
ment and progression. Initially, we identified negative

relationship between the expression of ARHGAP25 and
the activity of the Wnt/B-catenin signaling pathway
(Figure 4A). The Wnt/B-catenin signaling pathway has
been reported to mediate the proliferation, survival and
metastasis of lung cancer by regulating the transcription
of downstream effectors.'""'* As an important molecule in
Whnt/B-catenin signaling pathway, B-catenin has been
found highly expressed in lung cancer.'!' Down-
regulation of B-catenin would contribute to worse survival
of lung cancer.'>'* Our results indicated that p-catenin
expression was significantly reduced when ARHGAP25
was overexpressed in NCI-H1975 and NCI-H446 cells
(Figure 4B). Additionally, MMP-7, a critical target gene
of the Wnt/B-catenin signaling pathway, was simulta-
neously reduced when ARHGAP25 was overexpressed.
MMP-7 leads to the degradation of extracellular matrix
and is correlated with the mobility of cancer cells.'®!'” The

reduced expression of MMP-7 may help to interpret the
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reduced cell growth rate and mobility of lung cancer cells
when ARHGAP25 is overexpressed.

We also observed that effect of ARHGAP2S5 knockdown
such as increased cell growth, migration and invasion can be
abrogated by B-catenin inhibitor, XAV939 (Figure 6A and
B). Our results indicated that the Wnt/B-catenin signaling
pathway might participate in the biological process of
ARHGAP25. As
HOXA4 might serve as a transcription factor by regulating

for the mechanism, we found that

the expression of ARHGAP25. The overexpression of
HOXAA4 could significantly up-regulate the expression levels
of ARHGAP25 on mRNA and protein levels. The luciferase
assay indicated that HOXA4 could activate the transcription
of ARHGAP25. Further ChIP assay suggested that HOXA4
could directly connect with the promoter of ARHGAP25.
Besides, previous study has suggested HOXA4 could inhibit
cell proliferation and metastasis by regulating the Wnt/p-
catenin signaling in lung cancer.'® Altogether, these findings
imply HOXA4 controls the transcriptional activation of
ARHGAP25, and further ARHGAP25 functions as

a suppressor gene through Wnt/B-catenin signaling pathway.

In conclusion, ARHGAP25 was down-regulated in lung
cancer. ARHGAP25 may inhibit cell proliferation, migration
and invasion mediated by the Wnt/B-catenin signaling path-
way. HOXA4 could increase ARHGAP25 expression by
regulating the transcriptional activity of ARHGAP2S.
ARHGAP25 also might serve as a therapeutic target of
lung cancer and more investigations should be focused on it.
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Figure S| Western blot was conducted between paired cancerous and non-cancerous samples (n=8), referring to Figure IC.
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Figure S2 Representative images of ARHGAP25 expression in lung cancer and adjacent normal lung tissues using IHC assay in clinical specimen.
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Figure S3 Down-regulated ARHGAP25 expression in NCI-H1299 cells. NCI-H1299 cells were transduced with ARHGAP25 shRNAs (sh#1, #2 and #3) or control shRNA
(shNC). ARHGAP?25 silencing was confirmed by gqRT-PCR (A) and Western blotting (B). Experiments were repeated three times independently. ***P<0.001.
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