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Abstract Background/purpose: Rho GTPase activating protein 11A (ARHGAP11A) can facili-
tate GTP hydrolysis in RhoA. The functions of ARHGAP11A in oral squamous cell carcinoma
(OSCC) have not yet been explored. This study aimed to investigate the expression profile of
ARHGAP11A in OSCC, its correlation with patient prognosis, its effect on cell-cycle progression,
and the mechanisms by which it is dysregulated.
Materials and methods: Bioinformatics analysis was conducted using data from The Cancer
Genome Atlas-Head and Neck Squamous Cell Carcinoma (TCGA-HNSC). Lentiviruses carrying
ARHGAP11A shRNAs were employed to determine the effects of ARHGAP11A knockdown on tu-
mor cell proliferation and cell-cycle progression. Dual-luciferase reporter assays were utilized
to examine how FOXM1 transcriptionally regulates ARHGAP11A expression.
Results: ARHGAP11A upregulation was associated with unfavorable overall survival (OS) in pa-
tients with TSCC (HR: 2.142, 95%CI: 1.224e3.749, P Z 0.007), but not in patients with OSCC
of sites other than the tongue. ARHGAP11A knockdown inhibited the proliferation of TSCC cells
in vitro and in vivo, and induced G1 phase arrest. ARHGAP11A knockdown increased GTP-RhoA
but decreased p-RB levels, while it did not affect the total expression of RhoA and RB. ARHGA-
P11A knockdown increased p27 and decreased cyclin E1 expression. ARHGAP11A is transcription-
ally activated by FOXM1 via multiple FOXM1 binding sites in the promoter regions in TSCC cells.
Conclusion: This study revealed the oncogenic role of ARHGAP11A in TSCC, highlighting its
impact on cell-cycle control and tumor proliferation. Furthermore, the regulatory
of Prosthodontics, Binzhou Medical University Hospital, No. 661, Huanghe 2nd Road, Binzhou City,

.com (H. Yu).

015
l Sciences of the Republic of China. Publishing services by Elsevier B.V. This is an open access article under
vecommons.org/licenses/by-nc-nd/4.0/).

mailto:yuhuanying56@163.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jds.2024.02.015&domain=pdf
https://doi.org/10.1016/j.jds.2024.02.015
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/19917902
http://www.e-jds.com
https://doi.org/10.1016/j.jds.2024.02.015
https://doi.org/10.1016/j.jds.2024.02.015


Journal of Dental Sciences 19 (2024) 2268e2277
relationship between FOXM1 and ARHGAP11A provides new insights into the transcriptional
networks in TSCC.
ª 2024 Association for Dental Sciences of the Republic of China. Publishing services by Else-
vier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Head and neck squamous cell carcinoma (HNSCC) encom-
passes a diverse group of cancers that arise from the
mucosal surfaces within the head and neck region.1 The
disease exhibits anatomic heterogeneity, as tumors can
originate from a variety of locations including the oral
cavity, oropharynx, larynx, and hypopharynx.2 Differences
in risk factors, molecular profiles, and response to thera-
pies have been seen among HNSCC arising from differing
anatomical sites.1,3 Consequently, there is an increasing
recognition of the necessity to study HNSCC subtypes based
on their specific anatomical origins, rather than considering
them as a homogeneous group.

Small GTPases of the Rho family function as intracellular
signaling molecules that control key cellular processes,
including migration, polarity, and cell cycle progression.4

When bound to GTP, these proteins are activated to
modulate a series of downstream pathways. Rho GTPases
have been implicated in cancer development, usually
through aberrant expression or activation.5,6 The control of
the alternating states, active GTP-bound and inactive GDP-
bound, in Rho proteins involves three distinct protein types.
Rho-specific guanine nucleotide exchange factors (Rho
GEFs) play a role in facilitating the transition of these
GTPases into their active form by replacing GDP with GTP.
On the other hand, GTPase-activating proteins (Rho GAPs)
stimulate the intrinsic GTPase activity of Rho GTPase pro-
teins, leading to the conversion of the active GTP-bound
state to the inactive GDP-bound state. Additionally, gua-
nine nucleotide dissociation inhibitors (Rho GDIs) are
involved in regulating this process.6

ARHGAP11A is a Rho GAP and catalyzes the GTP hydro-
lysis of RhoA.5,7 Its overexpression was associated with
enhanced proliferation and invasion of basal-like breast
cancer,5 colon cancer,7 hepatocellular carcinoma.8 Its
overexpression was linked to poor prognosis in lung
adenocarcinoma,9 and gastric cancer.10 However, its func-
tional regulations in oral squamous cell carcinoma (OSCC)
have not been studied yet. This study focuses on the
expression profile of ARHGAP11A and its association with
prognosis in the subtypes of OSCC, its regulation of cell-
cycle progression, and the mechanisms leading to its
aberrant upregulation.
Materials and methods

Bioinformatics analysis

The TCGA-HNSC dataset, which includes gene expression
and survival data, was retrieved from the UCSC Xena
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browser (https://xenabrowser.net/).11 Anatomic site in-
formation for each case was extracted, and cases of oral
squamous cell carcinoma were isolated by excluding those
related to the nasopharynx, oropharynx, and larynx. Cell-
cycle dependent ARHGAP11A expression was checked
using data from the Human Protein Atlas (https://www.
proteinatlas.org/).12 The fluorescent ubiquitination-based
cell cycle indicator (FUCCI) staining system has been well-
characterized in U2OS cells in the HPA database,
providing a reliable and validated model for cell cycle
studies. Their robust proliferative capacity and clear cell
cycle phase transitions make U2OS an ideal choice for
monitoring cell cycle perturbations.13

Immunohistochemistry (IHC) staining

Commercial HNSCC tissue microarrays (XHN803) containing
tumors from tongue were obtained from Taibsbio (Xi’an,
China) were deparaffinized and subjected to heat-induced
antigen retrieval. Slides were stained on the BOND-III
Automated IHC Stainer (Leica, Wetzlar, Germany) using a
rabbit anti-ARHGAP11A polyclonal primary antibody (PA5-
59170, ThermoFisher, Waltham, MA, USA) at a 1:200 dilu-
tion for 15 min. Slides were then counterstained with
hematoxylin.

Cell culture and treatment

The OSCC cell lines SCC4 and SCC25 were acquired from
Procell (Wuhan, China) and cultured under the recom-
mended medium and conditions. Recombinant lentiviruses
for ARHGAP11A or FOXM1 knockdown were generated using
pLKO.1-puro to express the following shRNAs: shARH-
GAP11A#1, 50-GCTATCTGAATCACCAGTGAT-3’; shARH-
GAP11A#2, 50-CGGTATCAGTTCACATCGATA-3’; shFOXM1#1,
50-GCCCAACAGGAGTCTAATCAA-30, shFOXM1#2, 50-GCCAA
TCGTTCTCTGACAGAA-30, scramble control, 50-CCTAAGGT-
TAAGTCGCCCTCG-3’. Recombinant lentiviruses were pro-
duced by transfecting DNA mixture containing 9 mg of
pLKO.1-puro, 6.5 mg of psPAX2, and 3.5 mg of pMD2.G into
HEK 293T cells in a 10 cm culture dish. The virus-containing
supernatant was collected 48 h after infection.

Reverse transcription quantitative PCR

RNA extraction and the subsequent reverse transcription
quantitative PCR (RT-qPCR) was performed following a
method introducedpreviously.14Relativegeneexpressionwas
calculated using the 2�DDCt method by normalizing to ACTB
levels. The following primers were used for amplification:
ARHGAP11A, forward, 50-GAAGCTACGATTACAGGCTGCAG-30,
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reverse, 50- CCTTCCAGTGATGGAGTAGCAC-3’; FOXM1, for-
ward, 50-TCTGCCAATGGCAAGGTCTCCT-30, reverse, 50-
CTGGATTCGGTCGTTTCTGCTG-3’; and ACTB, forward, 50-
CACCATTGGCAATGAGCGGTTC-30, reverse, 50-AGGTCTTT
GCGGATGTCCACGT-3’.

Western blotting assays

Cells were harvested and lysed in RIPA buffer containing
protease and phosphatase inhibitors (P0013B, Beyotime,
Shanghai, China). The protein concentration was deter-
mined using a BCA assay kit (P0010S, Beyotime). Proteins
were then separated on SDS-PAGE gels and transferred onto
nitrocellulose membranes. The membranes were blocked
and incubated with a primary antibody specifically targets
ARHGAP11A (1:1000, PA5-59170, ThermoFisher Scientific),
FOXM1 (1:1000, #5436, Cell Signaling Technology, Danvers,
MA, USA), GTP-RhoA (1:1000, 26904, NewEast Biosciences,
Prussia, PA, USA), p-RB (1:1000, #8516, Cell Signaling
Technology), RB (1:1000, #9309, Cell Signaling Technology),
p27 (1:2000, 25614-1-AP, Proteintech), cyclin D1 (1:5000,
26939-1-AP, Proteintech), cyclin E1 (1:1000, 11554-1-AP,
Proteintech), or b-actin (1:1000, #9562, Cell Signaling
Technology) overnight at 4 �C. After thoroughly washing,
the membranes were incubated with horseradish peroxi-
dase (HRP)-conjugated secondary antibodies appropriate
for either rabbit or mouse primary antibodies. The protein
bands were visualized using an enhanced chem-
iluminescence (ECL) reagent and captured on a digital im-
aging system.

Cell proliferation assays in vitro

To evaluate cell proliferation, experiments involving the
Cell Counting Kit-8 (CCK-8) and colony formation assays
were conducted, following the methods introduced
previously.15

Transwell migration and invasion assays

Migration and invasion assays were conducted using Trans-
well chambers with 8.0 mm pore polycarbonate membrane
inserts (8 mm PET membrane, #3464, Corning, Corning, NY,
USA) (for migration) and Matrigel-coated inserts (200 mg/mL
for invasion) in 24-well plates. For migration assays,
5 � 104 cells were seeded into the upper chamber in serum-
free medium. The lower chamber was filled with medium
containing 10% FBS as a chemoattractant. After 24 h of
incubation, cells that had migrated through the membrane
were fixed, stained with crystal violet, and counted under a
microscope. For invasion assays, the procedure was similar,
except that the cells were seeded into Matrigel-coated in-
serts and incubated for 48 h. Each assay was performed in
triplicate.

Animal studies

The animal experiments were reviewed and approved by
the Institutional Animal Care and Use Committee (IACUC) of
Binzhou Medical University Hospital and were conducted at
the Jinruijie Biotechnology Service Center, Chengdu, China
2270
(ethical approval no. JRJ20230316). All procedures adhered
to the methods described previously,15 in accordance with
the Institutional Guide for the Care and Use of Laboratory
Animals, as well as the ARRIVE Guidelines.16 Six-week-old
nude mice, obtained from Vital River Laboratory Animal
Technology (Beijing, China), were utilized for the in vivo
studies. 3 � 106 SCC4 and SCC25 cells, either with or
without ARHGAP11A knockdown, were suspended as a
single-cell solution in 100 ml of a 1:1 mixture of PBS and
Matrigel. This cell suspension was then injected into the
subcutaneous tissue of the mice. After 35 days, euthanasia
was humanely performed by carbon dioxide inhalation. The
tumors were then harvested to assess their weight and to
perform immunohistochemical analysis of the Ki-67 prolif-
eration marker.

Flow cytometric analysis

Flow cytometric analysis of cell-cycle distribution was
performed following a standard protocol using propidium
iodide (PI).17 In brief, two days post-lentiviral transduction,
the cells were collected, washed by PBS, fixed in 70%
ethanol, permeabilized and stained with a propidium iodide
(PI) staining solution containing RNase A. The stained cells
are analyzed using a FACSymphony A3 flow cytometer (BD
Biosciences, Franklin Lakes, NJ, USA). The cell-cycle dis-
tribution is analyzed using NovoExpress (v1.5.7, Agilent,
Santa Clara, CA, USA) software.

Dual-luciferase reporter assay

The ARHGAP11A gene promoter sequences (Supplementary
Fig. 1) were scanned using the Jaspar database to explore
the potential binding site.18 Then, the integrated or trun-
cated promoter segments were synthesized and inserted
into the multiple cloning sites in pGL3-basic luciferase re-
porter vector. SCC4 or SCC25 cells with or without
lentivirus-mediated ARHGAP11A knockdown were seeded in
24-well plates, and allowed to reach about 70% confluency.
Then, the cells were co-transfected with 0.75 mg of
recombined pGL3 plasmids, along with 0.025 mg of pRL-TK
for normalization. 48 hrs later, luciferase activity was
measured using a luminometer and a dual-luciferase assay
kit (Promega).

Statistical analysis

The data were compiled and statistically analyzed using
GraphPad Prism software (version 9.5.1) (GraphPad Soft-
ware, San Diego, CA, USA). Data were reported as
mean � SD (n Z 3). Univariate and multivariate Cox pro-
portional hazards regression analyses were performed to
assess the association between ARHGAP11A expression and
OS in patients with OSCC. The parameters with P < 0.1 in
univariate analysis were included in multivariate analysis.
For comparisons between two groups, the unpaired Welch’s
t-test was utilized, while comparisons among multiple
groups were conducted using Analysis of Variance (ANOVA)
with a Tukey post-hoc test for multiple comparisons.
Pearson’s r values were calculated to estimate the corre-
lations. P < 0.05 was considered statistically significant.
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Results
ARHGAP11A upregulation is associated with poor
prognosis in tongue squamous cell carcinoma

Given that OSCC can originate from various anatomical sites
within the oral cavity, we further investigated its expres-
sion across these different sites and confirmed significant
heterogeneity (Fig. 1B, One-way ANOVA P < 0.001). We
focused on TSCC as the predominant subtype of OSCC.
Subgroup analysis revealed a significant increase in ARH-
GAP11A expression within TSCC (Fig. 1C). The key clinico-
pathological parameters between primary TSCC cases with
high and low ARHGAP11A expression were compared in
Table 1. No significant difference was observed in these
parameters. No survival difference was observed in overall
survival (OS) and progression-free interval (PFI) when
Figure 1 ARHGAP11A upregulation was associated with poor pr
ARHGAP11A between primary oral squamous cell carcinoma (OSC
Atlas-Head and Neck Squamous Cell Carcinoma (TCGA-HNSC). B.

different anatomic sites in TCGA-HNSC. C. Comparison of ARHGAP
tissues and adjacent normal tissues in TCGA-HNSC. D-E. Patients w
(E) were separated into two groups by median ARHGAP11A expre
compare the difference in overall survival (OS) and progression-f
expression group. F-G. Quantitative results (F) and representativ
GAP11A in TSCC tumor tissues and adjacent normal tissues of
expression in multiple TSCC cell lines, using from data from Cance
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primary OSCC cases were stratified by median ARHGAP11A
expression (Fig. 1D). However, further analysis indicated
that in primary TSCC cases, the group with higher ARH-
GAP11A expression had a significantly worse OS compared
to the group with lower expression (HR: 2.142, 95%CI:
1.224e3.749, P Z 0.007) (Fig. 1E). Multivariate analysis
showed that higher ARHGAP11A expression is an indepen-
dent indicator of unfavorable OS, after adjusting for path-
ological stages (HR: 2.319, 95%CI: 1.290e4.159, P Z 0.005)
(Table 2). Immunohistochemistry (IHC) assays were then
conducted using a commercial tissue microarray containing
24 TSCC and 3 tumor adjacent normal tissues. Results
confirmed positive ARHGAP11A staining in OSCC but not in
adjacent normal tissues (Fig. 1F and G). Additionally, cell
line-based RNA-sequencing data from Cancer Cell Line
Encyclopedia (CCLE) (https://sites.broadinstitute.org/
ccle/)19 showed that the TSCC cell lines usually have high
ARHGAP11A expression (Fig. 1H).
ognosis in tongue squamous cell carcinoma. A. Comparison of
C) tissues and adjacent normal tissues in The Cancer Genome
Comparison of ARHGAP11A expression in primary tumors from
11A between primary tongue squamous cell carcinoma (TSCC)
ith primary OSCC (D) or tongue squamous cell carcinoma (TSCC)
ssion. KaplaneMeier (KeM) survival curves were generated to
ree survival (PFI) between the higher and lower ARHGAP11A
e images (G) of immunohistochemistry (IHC) staining of ARH-
a commercial TSCC tissue microarray. H. ARHGAP11A mRNA
r Cell Line Encyclopedia (CCLE).
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Table 1 Comparison of key clinicopathological parameters between primary TSCC cases with high and low ARHGAP11A
expression.

Characteristics ARHGAP11A expression Total (N Z 129) P value

High (N Z 64) Low (N Z 65)

OS status

0 33 (25.58%) 46 (35.66%) 79 (61.24%) 0.03
1 31 (24.03%) 19 (14.73%) 50 (38.76%)
Pathological stages

I and II 19 (16.10%) 16 (13.56%) 35 (29.66%) 0.69
III and IV 40 (33.90%) 43 (36.44%) 83 (70.34%)
Gender

Female 24 (18.60%) 22 (17.05%) 46 (35.66%) 0.72
Male 40 (31.01%) 43 (33.33%) 83 (64.34%)
Histologic Grade

G1 5 (3.88%) 12 (9.30%) 17 (13.18%) 0.22
G2 46 (35.66%) 42 (32.56%) 88 (68.22%)
G3 13 (10.08%) 11 (8.53%) 24 (18.60%)
Age at initial pathologic diagnosis

Mean � SD 58.45 � 13.26 57.32 � 13.88 57.88 � 13.53
Tobacco smoking history

1 22 (17.46%) 25 (19.84%) 47 (37.30%) 0.08
2 20 (15.87%) 17 (13.49%) 37 (29.37%)
3 4 (3.17%) 12 (9.52%) 16 (12.70%)
4 17 (13.49%) 9 (7.14%) 26 (20.63%)
Margin status

Close 8 (6.45%) 5 (4.03%) 13 (10.48%) 0.11
Negative 54 (43.55%) 50 (40.32%) 104 (83.87%)
Positive 1 (0.81%) 6 (4.84%) 7 (5.65%)

OS: overall survival. SD: standard deviation.Tobacco smoking history: 1: Lifelong Non-Smoker; 2: Current Smoker; 3: Former Smoker; 4:
Current Reformed Smoker for >15 years.

Table 2 Univariate and multivariate analysis of the parameters related to overall survival.

Univariate analysis Multivariate analysis

P value HR 95%CI P value HR 95%CI

Age at initial pathologic diagnosis 0.461 1.009 0.985 1.033
Gender

Female (n Z 46) 0.713 1.115 0.625 1.990
Male (n Z 83) 1.000
ARHGAP11A expression

High (n Z 64) 0.008 2.196 1.226 3.935 0.005 2.316 1.290 4.157
Low (n Z 65) 1.000
Margin status

Close (n Z 13) 0.889 0.903 0.216 3.771
Negative (n Z 104) 0.820 0.883 0.303 2.576
Positive (n Z 7) 1.000
Pathological stages

I/II (n Z 35) 0.077 0.516 0.247 1.075 0.051 0.480 0.230 1.002
III/IV (n Z 83) 1.000
Tobacco smoking history

1 (n Z 47) 0.121 0.523 0.231 1.186
2 (n Z 37) 0.391 1.381 0.660 2.889
3 (n Z 16) 0.656 0.800 0.300 2.133
4 (n Z 26) 1.000
Histological grade

G1 (n Z 17) 0.178 0.462 0.15 1.422
G2 (n Z 88) 0.406 0.758 0.394 1.458
G3 (n Z 24) 1.000

W. Zhang, X. Bai, T. Liu et al.
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Knocking down of ARHGAP11A expression impairs
the proliferation of tongue squamous cell carcinoma

Considering the typically high ARHGAP11A expression in
TSCC cell lines, we utilized two such lines available in our
laboratory, SCC4 and SCC25, for functional validation. Both
cell lines were transduced with recombinant lentivirus to
achieve ARHGAP11A knockdown (Fig. 2A and B). The
knockdown of ARHGAP11A significantly reduced the
viability, proliferation, migration, and invasion of these cell
lines (Fig. 2CeE). In xenograft tumor models, ARHGAP11A
knockdown also markedly decreased tumor growth in vivo
(Fig. 2F and G). IHC staining showed a reduced percentage
of Ki-67-positive cells in the ARHGAP11A knockdown group
compared to the scramble control group (Fig. 2H).
Figure 2 Knocking down of ARHGAP11A expression impairs the p
and western blotting analyses were performed to check the expre
SCC4 and SCC25 cells 48 h after lentivirus-mediated ARHGAP11A k
assay of migration and invasion (E) were performed to explore t
migration and invasion in SCC4 and SCC25 cells. F-G. SCC4 and
knockdown were used for in vivo studies. Xenograft tumors were re
(F) were calculated at the end of animal study. H. Representative i
SCC4- and SCC25-derived xenograft tumors. Scale bar: 50 mm ### a
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ARHGAP11A knockdown induces G1 phase arrest by
regulating multiple cell-cycle proteins in tongue
squamous cell carcinoma

ARHGAP11A expression and its regulation on RhoA ac-
tivity are cell-cycle dependent in colon cancer.7 Our
review of fluorescent ubiquitination-based cell cycle in-
dicator (FUCCI) staining data from the Human Protein
Atlas (HPA) revealed that cells in the G2/M phase
(Geminin-positive) exhibited stronger ARHGAP11A stain-
ing compared to those in the G1 phase (CDT1-positive)
(Fig. 3A). Quantitative results indicated that both ARH-
GAP11A mRNA and protein expression peak in the G2/M
phase (Fig. 3B). Western blot assays revealed that ARH-
GAP11A knockdown increased GTP-RhoA levels but
roliferation of tongue squamous cell carcinoma. A-B. RT-qPCR
ssion of ARHGAP11A at the mRNA (A) and protein (B) levels in
nockdown. C-E. CCK-8 (C), colony formation (D) and transwell
he influence of ARHGAP11A knockdown on cell proliferation,
SCC25 cells with or without lentivirus-mediated ARHGAP11A
moved and pictured (E) and the weights of tumors in each group
mmunohistochemistry (IHC) staining images of Ki-67 expression
nd ***, P < 0.001.



Figure 3 ARHGAP11A knockdown induces G1 phase arrest by regulating multiple cell-cycle proteins in tongue squamous cell
carcinoma. A-B. Representative fluorescent ubiquitination-based cell cycle indicator (FUCCI) images and ARHGAP11A staining (A)
and quantitation of ARHGAP11A mRNA and protein expression in different phases with the cell-cycle (B) in U2OS cells in the human
protein atlas (HPA). Image credit: the HPA, data were retrieved from: https://www.proteinatlas.org/ENSG00000198826-
ARHGAP11A/subcellular#cell_cycle. C. Western blotting analysis was performed to check the expression of indicated proteins in
SCC4 and SCC25 cells 48 h after lentivirus-mediated ARHGAP11A knockdown. D-E. Representative images (D) and quantitation (E) of
cell-cycle distribution of SCC4 and SCC25 cells with or without lentivirus-mediated ARHGAP11A knockdown. ***, P < 0.001.
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reduced phosphorylated RB (p-RB) levels, without
affecting total RhoA and RB expression (Fig. 3C). Addi-
tionally, ARHGAP11A knockdown caused an upregulation
of p27 and a downregulation of cyclin E1 expression
(Fig. 3C). Flow cytometry analysis showed that ARH-
GAP11A knockdown induced a higher rate of G1 phase
arrest in both SCC4 and SCC25 cells (Fig. 3D and E).
ARHGAP11A is transcriptionally activated by FOXM1
in tongue squamous cell carcinoma cells

Given the transcriptional overactivation of ARHGAP11A in
TSCC, we investigated potential transcription factors (TFs)
that could regulate its expression. We identified candidate
2274
TFs and chromatin regulators that may bind to the ARH-
GAP11A promoter region (within 10 kb upstream of the
transcription start site) using the Cistrome Data Browser
(http://cistrome.org/db/#/).20 We then examined the
correlation between ARHGAP11A expression and the ex-
pressions of the 72 candidate genes (Fig. 4A;
Supplementary Table 1) in a cohort of 130 primary TSCC
patients from the TCGA-HNSC database. Detailed Pearson’s
correlation coefficients are provided in Supplementary
Table 1. This analysis identified FOXM1 as the gene most
significantly correlated with ARHGAP11A, exhibiting a
strong positive correlation (r Z 0.72) (Fig. 4B). Moreover,
FOXM1 knockdown in SCC4 and SCC25 cells resulted in a
considerable decrease in ARHGAP11A expression at both
mRNA and protein levels (Fig. 4CeE).

http://cistrome.org/db/#/
https://www.proteinatlas.org/ENSG00000198826-ARHGAP11A/subcellular#cell_cycle
https://www.proteinatlas.org/ENSG00000198826-ARHGAP11A/subcellular#cell_cycle


Figure 4 ARHGAP11A is transcriptionally activated by FOXM1 in tongue squamous cell carcinoma cells. A. A heatmap showing the
general expression profile of ARHGAP11A and the candidate transcription factors and chromatin regulators with potential binding
to the ARHGAP11A promoter region (within 10 kb before the transcription start site) in the primary tongue squamous cell carcinoma
(TSCC) cases in TCGA-HNSC. B. A dot chart showing the correlation between ARHGAP11A and FOXM1 in the primary TSCC cases. C-
E. RT-qPCR (CeD) and western blotting (E) analyses were performed to check the expression of FOXM1 and ARHGAP11A at the
mRNA and protein levels in SCC4 and SCC25 cells 48 h after lentivirus-mediated FOXM1 knockdown. F. Dual-luciferase assays were
performed to check the relative luciferase activities of pGL3-11A-pWT-1 in SCC4 and SCC25 cells with or without FOXM1 knock-
down. G. A schematic diagram showing the design of recombinant pGL3-basic plasmids carrying integrated ARHGAP11A promoter
region (pGL3-11A-pWT-1) and the truncated fragments. HeI. Dual-luciferase assays were performed to check the relative lucif-
erase activities of pGL3-11A-pWT-1 and the truncated counterparts in SCC4 and SCC25 cells. n.s., not significant; **, P < 0.01; ***,
P < 0.001.
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Using JASPAR (https://jaspar.elixir.no/),18 we checked
the promoter region of ARHGAP11A and found four high-
potential FOXM1 binding sites (red font, Supplementary
Fig. 1). To evaluate FOXM1’s effect on ARHGAP11A pro-
moter activity, we constructed recombinant luciferase re-
porter plasmids containing either the full-length or
truncated fragments of the ARHGAP11A promoter in the
pGL3-basic plasmid (Fig. 4G). Knocking down endogenous
FOXM1 led to a significant reduction in luciferase activity
from the pGL3-11A-WT1 construct in both SCC4 and
SCC25 cells (Fig. 4F). Truncations at positions �229 to
�233, �1101 to �1095, and �1186 to �1180 markedly
2275
diminished promoter activity, indicating that these sites
likely represent the primary FOXM1 binding sites (Fig.
4GeI).
Discussion

Although ARHGAP11A overexpression and its association
with malignant tumor behaviors and poor prognosis were
observed in multiple types of cancer,5,7e10 its functional
involvement in OSCC is still unclear. By performing sub-
group analysis using data from TCGA-HNSC, we found that

https://jaspar.elixir.no/
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ARHGAP11A upregulation was associated with unfavorable
OS in patients with TSCC and might be an independent
prognostic indicator. These findings raise the possibility
that ARHGAP11A could serve as a prognostic biomarker for
TSCC and might be an oncogene. Subsequent in vitro and
in vivo experiments supported this hypothesis, showing that
ARHGAP11A silencing reduces the proliferation of TSCC
cells and triggers G1 phase cell cycle arrest.

Functionally, ARHGAP11A is known to facilitate the hy-
drolysis of GTP-RhoA.5,7 Consistent with this, our Western
blot analysis showed that ARHGAP11A reduces the active
GTP-bound form of RhoA without affecting the total RhoA
protein levels in TSCC cells. Despite the observed tumor-
suppressive effects following RHOA knockdown in TSCC
cells, which include inhibited tumor growth, migration, and
invasion,21 RHOA expression is typically lower in TSCC tis-
sues compared to adjacent normal tissues. Moreover, RHOA
mutations are infrequent in HNSCC, with a prevalence of
only 1.9%, suggesting that RHOA may not function as an
essential oncogene in this context.22,23

RB1 is a tumor suppressor gene that encodes the RB
protein, which regulates the cell cycle by controlling the
transition from the G1 phase to the S phase.24 When RB is
phosphorylated by Cyclin-dependent kinases (CDKs), it be-
comes inactivated, leading to the release of E2F tran-
scription factors that promote the expression of genes
necessary for S phase entry and DNA replication.24 p27 is a
member of the Kip family of cyclin-dependent kinase in-
hibitors (CKIs) and functions as a regulator of cell cycle
progression at G1.25 It acts by attaching to and suppressing
the function of Cyclin E-CDK2 or Cyclin D-CDK4 complexes,
thereby playing a role in controlling the advancement of
the cell cycle during the G1 phase. Cyclin E1 forms a
complex with CDK2 which is crucial for the cell to transition
from G1 to S phase of the cell cycle.25 The cyclin E1-CDK2
complex phosphorylates RB, leading to the release of E2F
and the transcription of genes needed for DNA
replication.25

In TSCC, as in other cancers, the interplay between
these molecules is crucial. The loss of regulatory control
over the cell cycle allows cancer cells to multiply without
the normal checks and balances.26 TSCC cells often show
alterations in the RB1 pathway. When RB1 function is lost or
compromised, cells can bypass the G1 checkpoint, leading
to uncontrolled cell division and tumorigenesis.27 Similarly,
reduced expression or inactivation of p27 is frequently seen
in TSCC,28 which can contribute to increased CDK activity
and unregulated cell cycle progression. Higher levels of
cyclin E1 can lead to increased phosphorylation of RB,
overwhelming the cell’s ability to regulate the G1-S tran-
sition, which can lead to increased proliferation and
potentially contribute to the development and progression
of TSCC.29 Our results showed that ARHGAP11A knockdown
decreased p-RB1 and cyclin E1 but restored p27 levels in
SCC4 and SCC25 cells. These mechanisms help explain why
ARHGAP11A knockdown slowed tumor cell growth and
induced G1 arrest.

Since ARHGAP11A is aberrantly upregulated in TSCC,
understanding how it is dysregulated can provide insights
into the molecular pathogenesis of TSCC. Therefore, we
further explored the transcription factors and confirmed
that ARHGAP11A is transcriptionally activated by FOXM1 in
2276
TSCC. FOXM1 is a master transcriptional regulator that
controls the expression of genes involved in cell prolifera-
tion, differentiation, DNA damage repair, and tissue ho-
meostasis.30 In cancers, FOXM1 is frequently
overexpressed. Several mechanisms likely contribute to
FOXM1 upregulation, including gene amplification (gain of
chromosome 14), trancrioptional dysregulation (such ascis-
acting elements such as E-boxes responsive to other tran-
scription factors in the gene promoter), post-translational
modifications (such as mRNAs), post-translational modifi-
cations (such as phosphorylation, ubiquitination, SUMOyla-
tion, acetylation and methylation) and activation by
oncogenic signaling pathways.31 Once overexpressed,
FOXM1 acts as a master regulator, altering the transcrip-
tional landscape in ways that promote hallmarks of can-
cer.30 In TSCC, the upregulation of FOXM1 was associated
with enhanced proliferation, epithelialemesenchymal
transition, invasion, and migration,32,33 failure of treat-
ment in the early stages,34 and radioresistance.35 Our re-
sults demonstrate that one such FOXM1 transcriptional
target in OSCC is ARHGAP11A. We found FOXM1 binds
directly to the ARHGAP11A promoter to activate its
expression. Therefore, ARHGAP11A is likely a part of a
complex network of cell-cycle dysregulation in TSCC and its
regulation by FOXM1 is one aspect of this network.

Overall, this study advances our understanding of the
key molecular mechanisms governing TSCC pathogenesis.
Further exploration of components of the FOXM1-
ARHGAP11A pathway may worth of ongoing efforts to
develop more effective targeted therapies for this aggres-
sive malignancy. This study has provided evidence for the
oncogenic role of ARHGAP11A in TSCC, with implications for
cell cycle regulation and tumor growth. Furthermore, the
regulatory relationship with FOXM1 opens new avenues for
understanding the transcriptional networks in TSCC and
could pave the way for novel therapeutic interventions.
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