Ming etal. BMC Cancer ~ (2023) 23:937 BMC Cancer
https://doi.org/10.1186/s12885-023-11433-w

Check for
updates

ARPC5 acts as a potential prognostic
biomarker that is associated with cell
proliferation, migration and immune infiltrate
in gliomas

Yue Ming', Chunyuan Luo', Beihong Ji and Jian Cheng®”

Abstract

Background Gliomas are the most common malignant brain tumors, with powerful invasiveness and an undesirable
prognosis. Actin related protein 2/3 complex subunit 5 (ARPC5) encodes a component of the Arp2/3 protein comple,
which plays a significant role in regulating the actin cytoskeleton. However, the prognostic values and biological
functions of ARPC5 in gliomas remain unclear.

Methods Based on the TCGA, GEO, HPA, and UALCAN database, we determined the expression of ARPC5 in glioma.
The results were verified by immunohistochemistry and Western blot analysis of glioma samples. Moreover, Kaplan-
Meier curves, ROC curves, Cox regression analyses, and prognostic nomograms were used to observe the correlation
between the ARPC5 expression and the prognosis of glioma patients. GO and KEGG enrichment analyses were
conducted to identify immune-related pathways involved with the differential expression of ARPC5. Subsequently, the
TCGA database was used to estimate the relationship between ARPCS5 expression and immunity-related indexes, such
as immune scores, infiltrating immune cells, and TMB. The TCIA database was used to assess the correlation between
ARPC5 with immunotherapy. The association between ARPC5 and T cells marker CD3 was also evaluated through
immunohistochemistry methods. The correlation between ARPC5 and T cell, as well as the prognosis of patients,

was also evaluated using immunological methods. Moreover, the effect of ARPC5 on the biological characteristics of
LN229 and U251 cells was determined by MTT, clone formation, and transwell migration assay.

Results The high degree of ARPC5 was correlated with worse prognosis and unfavorable clinical characteristics

of glioma patients. In the analysis of GO and KEGG, it is shown that ARPC5 was strongly correlated with multiple
immune-related signaling pathways. The single-cell analysis revealed that ARPC5 expression was increased in
astrocytes, monocytes and T cells. In addition, ARPC5 expression was strongly associated with immune scores,
infiltrating immune cells, TMB, MSI, immune biomarkers, and immunotherapy. In experimental analysis, we found that
ARPC5 was significantly overexpressed in gliomas and closely correlated with patient prognosis and CD3 expression.
Functionally, the knockout of ARPC5 significantly reduced the proliferation and invasion of LN229 and U251 cells.
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Conclusions Our study revealed that the high expression level of ARPC5 may serve as a promising prognostic
biomarker and be associated with tumor immunity in glioma.

Keywords ARPC5, Glioma, Prognosis, Tumor immunity, Biomarker

Introduction

Gliomas are the most widespread intracranial primary
tumors that result in severe mortality and poor progno-
sis, accounting for approximately 80% of malignant brain
tumors [1, 2]. With the increasing number of molecu-
lar targets applied in clinical diagnosis and therapy, the
classification of gliomas has changed. The 2016 World
Health Organization (WHO) classification of central
nervous system (CNS) tumors combined with histologic
features and molecular characteristics for the first time
to promote refinement of tumor classification, such as
IDH mutation, 1p/19q codeletion, and MGMTp meth-
ylation [3, 4]. According to the 2021 revised fifth edition
of the WHO classification, several significant changes
have been made in the principles relating to nomen-
clature, grading, and classification of CNS tumors [5].
Moreover, these shifts will increase the dependence on
molecular changes in disease classification and increase
the importance of molecular detection in clinical applica-
tions. Thus, we develop new glioma biomarkers to offer
more diagnostic and therapeutic opportunities in clinical
practice.

Actin-related protein 2/3 (Arp2/3) complex is a well-
known actin nucleator that can promote the actin
branched junction, which may be a crucial participant in
the migration and invasion of various cancers [6]. Previ-
ous studies showed that the Arp2/3 complex may be a
key player in glioma cell invasion and migration, and may
represent a new target for the treatment of glioma [7].
ARPCS5, a member of the Arp2/3 complex, was reported
to influence many critical biological processes in cancer,
such as cell migration, invasion, and differentiation [8, 9].
For example, ARPC5 played as a pro-metastasis gene in
prostate cancer and exhibited a negative regulation with
miR-141 [10]. Moreover, some researchers found that
ARPC5 was an independent predictor of hepatocellular
carcinoma, and its expression had significantly positively
correlation with the infiltration of immune cells [11].
However, the association between ARPC5 expression and
clinical significance in glioma is still unclear.

In our study, we explored the expression and clinical
significance of ARPC5 in gliomas by integrating multiple
databases and in-depth assessing its impact glioma.

Materials and methods

Data collection

The Tumor Immune Estimation Resource (TIMER,
http://timer.cistrome.org/) was used to analyze the
expression levels of ARPC5 between tumor tissues and

adjacent normal tissues across all The Cancer Genome
Atlas (TCGA, https://portal.gdc.cancer.gov/) tumors
[12]. The Gene Expression Profiling Interactive Analy-
sis (GEPIA, http://gepia2.cancer-pku.cn/#analysis) is an
interactive online analysis platform that contains abun-
dant human specimens from TCGA and GTEx database
[13]. Based on this platform, we analyzed the differen-
tial expression of ARPC5 between glioma tissues and
matched normal brain tissues. The Gene Expression
Omnibus (GEO) contains high-throughput gene expres-
sion data in various cancer. To explore ARPC5 expression
levels in glioma, we examined microarray data from three
datasets: GSE2223 (glioma=50, normal=4), GSE29796
(glioma=52, normal=20), and GSE116520 (glioma=34,
normal=8). The RNA sequences and their correspond-
ing clinical data from 1,018 samples were obtained from
the Chinese Glioma Genome Atlas (CGGA, http://www.
cgga.org.cn/index.jsp). Additionally, we analyzed TCGA
to obtain the expression sequences and clinical infor-
mation of gliomas, including 5 normal samples and 701
tumor samples. The Human Protein Atlas (HPA, https://
www.proteinatlas.org/), and the University of Alabama
at Birmingham Cancer data analysis Portal (UALCAN,
https://ualcan.path.uab.edu/) were used to analyze the
protein expression levels of ARPC5 in gliomas [14]. The
processed single-cell data were downloaded from the
CGGA database [15]. All data Accessed on 27 March
2023. Before further analysis, all sample databases were
screened to exclude samples with unknown or incom-
plete clinicopathological data.

Analysis of clinical characteristic and prognosis of ARPC5

in glioma

The correlation between ARPC5 expression and clini-
cal characteristic from CGGA database was analyzed
using R packages “beeswarm” Kaplan-Meier survival
analysis was used to assess the overall survival for glioma.
Patients were classified into high- and low-expression
groups by the median value of ARPC5 expression, and
then analyzed the subgroups of glioma cases, such as dif-
ferent grade, gender, age, IDH mutation status, 1p/19q
codeletion status, and MGMTp methylation status. Sur-
vival curves were drawn using the R packages “survival”
and “survminer”. Then, we calculated the ROC curve of
ARPCS5 at 1-, 3-, and 5-years through R packages “sur-
vival ROC”. Moreover, the clinical prognostic value of
ARPCS5 was assessed by univariate along and multivariate
Cox regression models. Finally, we established a nomo-
gram model containing ARPC5 expression and various
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clinical characteristics to predict the survival progno-
sis of glioma patients in 1, 3, and 5 years, based on the
CGGA database. The nomogram was drawn using the R
packages “survival” and “rms”.

Gene set enrichment analysis (GSEA)

GSEA analysis was conducted based on the gene sets of
“c5.go.v7.4.symbols” and “c2.cp.kegg.v7.4.symbols” in
CGGA database. Divide the samples in the CGGA data-
base into high and low expression groups, based on the
median scores of ARPC5 expression. Under the premise
of p<0.05, up-regulated gene was defined as logfC>0.5,
on the contrary, down-regulated gene was defined as
logFC < -0.5. and Gene ontology (GO) and Kyoto ency-
clopedia of genes and genomes (KEGG) pathway enrich-
ment analysis were visualized with R packages “limma’,
“org.Hs.eg.db’, “clusterProfiler’, and “enrichplot” [16].

Correlations of ARPC5 expression with immunity-related
indexes

Stromal, immune, and ESTIMATE scores between gli-
oma with high vs. low ARPC5 expression in TCGA data-
base were calculated using the ESTIMATE algorithm.
The data were assessed and visualized using the R pack-
ages “estimate” and “limma” Then correlation analysis
between ARPC5 expression and infiltrating immune cells
of glioma in TCGA database were performed through R
packages “limma”. The correlations of ARPC5 expression
with tumor mutation burden (TMB) and microsatellite
instability (MSI) in glioma were analyzed by spearman’s
rank correlation method. We downloaded clinicaldata
from The Cancer Immunome Atlas (TCIA), and the cor-
relation between ARPC5 with immunotherapy was con-

ducted and visualized with R packages “limma’; “ggpubr”

Cell culture and transfection

Glioblastoma U118MG@G, U87, A172, T98G, LN229, LN18
and U251 cells were purchased from the Chinese Acad-
emy of Sciences Cell Bank. LN229 and U251 cells were
used to study the effect of ARPC5 on biological behav-
ior of glioma cells. The interference sequence of ARPC5
shl is 5-CCGGGTTCAATCTCTGGACAAGAATCTC-
GAGATTCTTGTCCAGAGATTGAACTTTTT-3’
and 5-AATTAAAAAGTTCAATCTCTGGA-
CAAGAATCTCGAGATTCTTGTCCAGAGATT-
GAAC-3. The interference sequence of ARPC5 sh2
is 5-CCGGCATTGTCTTGAAGGTGCTCATCTC-
GAGATGAGCACCTTCAAGACAATGTTTTT-3
and 5-AATTAAAAACATTGTCTTGAAGGTGCT-
CATCTCGAGATGAGCACCTTCAAGACAATG-3!

RNA isolation and qPCR
Total RNA was extracted from transfected LN229 and
U251 cells with Trizol reagent (Invitrogen). The total
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RNA quality of these samples was detected by Nano-
drop and agarose gel electrophoresis. Used the tran-
scriptor first-strand ¢cDNA synthesis kit to synthesize
complementary DNA. Used SYBR Green to perform
quantitative PCR on Quant Studio 6 Flex. U6 is used
for ARPC5 standardization. The relative multiples
of ARPC5 expression were determined using rela-
tive quantitative methods. The primer sequence was

ARPC5-F: 5-AGTTCGTGGACGAAGAAGATG-3;
ARPC5-R: 5-CCTGACTCTTGGTGTTGATAGG-3;
U6-F: 5-CGCTTCGGCAGCACATATAC-3, U6-R:

5-AGGGGCCATGCTAATCTTCT-3.

MTT cell proliferation assay

MTT assay was performed to evaluate cell proliferation.
LN229 and U251 cells were seeded in 96 well plates at
the density of 3000 cells/100 pL/well. After inoculation
for 24, 48 and 72 h, 10 pL of MTT (5 mg/ml) was added
to each hole of the plate, and incubated at 37°C for 4 h.
Then, 150 pL. DMSO was added to per hole, and incu-
bated at 37°C for 5 min, this process runs in a dark and
oscillating manner. Finally, the absorbance was measure
at 570 nm with a microplate reader.

Clone formation assay

Clone formation assay was used to evaluate cell prolifera-
tion activity. LN229 and U251 cells were seeded in 6-well
plates at the density of 1000 cells/ml/well. After LN229
cells were cultured for 10 days, discard the supernatant
and fixed with 4% paraformaldehyde for 20 min. Then
cells were washed with PBS for three times and added
crystal violet stain solution for 20 min. Finally, dried the
6-well plate and obtained the image by the scanner.

Transwell migration assay

Transwell assay was used to analyze the migration abil-
ity of LN229 and U251 cells. The cells were seeded in the
transwell chamber at the density of 50,000 cells/well. The
lower chamber was added culture medium containing
10% serum. After 24 h of culture, the cells were fixed with
4% paraformaldehyde and stained with 0.1% crystal vio-
let. Cell migration was observed by optical microscope.

Immunohistochemistry

Immunohistochemistry is basically as described pre-
viously. Glioma tissue samples and glioma chip ZL-
BraG180sur01 were incubated with ARPC5 antibody
(16717-1-AP, proteintech, Wuhan, China) and CD3 anti-
body (17617-1-AP, proteintech, Wuhan, China). Immu-
nohistochemical evaluation was analyzed by QuPath
software. Apply QuPath software to grade fluorescence
intensity or DAB staining intensity to 4 levels to evalu-
ate protein expression. The staining intensity score was
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as follows: 0, no staining; (1) Weak staining; (2) Moderate
staining; (3) Strong staining.

Western blotting

The total protein of glioma cells was extracted with RIPA
buffer containing protease inhibitor. Measured the load-
ing amount of each sample using BCA kit. Used 12%
SDS-PAGE to separate 20 pg of protein. Subsequently,
the protein was transferred to the PVDF membrane and
blocked with 5% nonfat milk powder for 1 h. ARPC5
(1:600) and GAPDH (1:10000) were added and incubated
overnight at 4°C. Finally, incubated the PVDF membrane
with appropriate secondary antibody (1:2000) for 1 h.
The expression level of ARPC5 protein was detected by
chemiluminescent imaging system.

Statistical analysis

All statistical analysis and visualization were conducted
by language software (version 4.1.2). All RNA-sequenc-
ing data was normalized by log2 transformation. Survival
analyses were conducted using the Kaplan-Meier curve
and cox regression model in this study. The wilcoxon
rank-sum test was used to assess correlations between
the ARPC5 expression and corresponding clinical infor-
mation. p<0.05 was considered statistically significant.

Results

Abnormally high expression of ARPC5 in glioma

Some studies have reported the critical role of the Arp2/3
complex in glioma cell invasion and migration, it is still
unclear which components of the Arp2/3 complex affect
the clinical prognosis in the patients. We first examined
the expression of the Arp2/3 complex in glioma. Sub-
sequently, ARPC5 was screened according to the cri-
terion that whether AUC value was greater than 0.7 in
CGGA database (Supplementary Fig. 1). In order to fur-
ther analyze the expression of ARPC5 in tumor tissues,
we retrieved the TIMER database and observed that
ARPC5 was abnormally expressed in 19 tumor types,
including in GBM (Fig. 1A). To ensure the factuality of
the above result, we used GEPIA, GSE2223, GSE29796,
and GSE116520 datasets to verify that ARPC5 was highly
expressed in gliomas, compared with normal brain speci-
mens, as presented in Fig. 1B-E. Moreover, elevated
ARPCS5 protein level is detected in the CPTAC and HPA
database (Fig. 1F-G). In addition, we evaluated glioma
and near-by tissues of 10 patients by immunohistochem-
istry tests, and the results indicated that ARPC5 expres-
sion was obviously higher in glioma tissues (Fig. 1H).
Similar results were also found in the Western blot
analysis (Supplementary Fig. 2A). In general, the results
above suggested that ARPC5 was abnormally expressed
in gliomas.
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Relationship between ARPC5 gene expression and clinical
characteristic

Subsequently, we further explored whether ARPC5
upregulation was associated with clinicopathological fea-
tures of patients in CGGA database. The results showed
that distinct expression of ARPC5 significantly corre-
lated with gender, WHO classification, chemo status,
IDH mutation status, 1p/19q codeletion status, MGMTp
methylation status, PRS type, and histological type (Sup-
plementary Fig. 3).

Correlation between the different status of ARPC5
expression and prognosis of glioma patients

Although it has been elucidated that ARPC5 expression
was abnormally increased in glioma and closely related
to different clinical characteristics, the prognostic values
of ARPC5 in glioma patients were still unclear. There-
fore, we investigated the impact of ARPC5 on the overall
survival of glioma patients, using the CGGA and TCGA
datasets. Kaplan-Meier survival analysis showed that
high expression of ARPC5 was significantly correlated
with poor prognosis in the CGGA database (Fig. 2A).
The validity of the results has been verified through the
TCGA database (Fig. 2C). In addition, the AUC values
for ARPC5 to predict 1-, 3- and 5-year survival were
0.700, 0.764, and 0.761, respectively, in the CGGA data-
base (Fig. 2B). The ROC curve of ARPCS5 for 1-, 3-, and
5- year outcomes had AUC values of 0.775, 0.808, and
0.748, respectively, in the TCGA database (Fig. 2D). To
examine the association between ARPC5 expression and
glioma prognosis in detail, we divided the glioma patients
into different groups through different molecular sub-
types for grade (WHO 2, WHO 3), gender (female, male),
age (age<41, age>41), IDH (mutant, wild type), 1p/19q
(codel, non-codel), and MGMT (methylated, un-meth-
ylated) status (Fig. 2E-P). The results showed that highly
expressed ARPC5 was significantly correlated with poor
prognosis in various subgroups. Moreover, regression
analysis showed that ARPC5 expression, PRS type, grade,
and age might be independent risk factors for poor prog-
nosis of glioma patients. In comparison, IDH mutation
and 1p/19q codeletion status may represent protective
factors (Fig. 3A-B). In addition, we established a nomo-
gram containing the prognostic factors, such as gen-
der, MGMT status, IDH status, age, ARPC5 expression,
1p19q status, PRS, and grade, to forecast the possibility
of 1-, 3-, and 5-year OS in glioma patients. For exam-
ple, a patient with a total point of 336 would have 1-, 3-,
and 5-year survival rates were 89.4%, 69.1%, and 57.9%,
respectively (Fig. 3C). Furthermore, our data indicated
that nomogram-predicted survival is closed to actual sur-
vival (Fig. 3D). ARPC5 was also found to be associated
with the sensitivity of multiple drugs, including 5-fluo-
rouracil, bleomycin, etoposide, crizotinib, sorafenib, and
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Fig. 1 Abnormally high expression of ARPC5 in glioma. (A) Differential expression of ARPC5 in various tumor types was analyzed based on the TIMER
online website. (B) The distinct upregulation of ARPC5 in glioma was demonstrated in GEPIA online website. (C) Box plot based on the expression of
ARPC5 in the GSE2223 (Glioma=50, Normal=4). (D) Box plot based on the expression of ARPC5 in the GSE29796 (Glioma=52, Normal=20). (E) Box
plot based on the expression of ARPC5 in the GSE116520 (Glioma= 34, Normal=8). (F) Box plot based on the protein expression of ARPC5 in the CPTAC
samples (Glioma=99, Normal=10). (G) ARPC5 protein expression was detected in cerebral cortex (Patient id: 1582), low grade glioma (Patient id: 3365),
and high-grade glioma (Patient id: 3251) tissues from HPA dataset. (H) Representative images of ARPC5 expression in glioma and its surrounding tissues.

*p<0.05, **p<0.01, ***p < 0,001

erlotinib (Fig. 3E-J). These data indicated that ARPC5
may serve as a potential prognostic factor for glioma.

Enrichment analysis identifies ARPC5-associated signaling
pathways

To further validate the effect of ARPC5 on glioma, we
conducted a series of enrichment analyses. Based on
CGGA database, the heatmap showed the 40 genes
with the most significant differences in positive and
negative correlation (Fig. 4A). Differentially expressed
gene were displayed on a volcano map (Fig. 4B). GO
enrichment analysis also showed that ARPC5 were
enriched in immune regulatory pathways, including T
cell activation, leukocyte mediated immunity, immune

response-regulating signaling pathway, activation of
immune response, cell activation involved in immune
response, leukocyte activation involved in immune
response, lymphocyte mediated immunity, regulation of
leukocyte mediated immunity, T cell activation involved
in immune response, and T cell mediated immunity
(Fig. 4C). KEGG pathway analysis showed that ARPC5
were mainly enriched in multiple tumor-related signaling
pathways, such as proteoglycans in cancer, small cell lung
cancer, pancreatic cancer, non-small cell lung cancer, gli-
oma, melanoma, acute myeloid leukemia, and renal cell
carcinoma (Fig. 4D); the full information is included in
Supplementary Table S1. GSEA was conducted to inves-
tigate signal pathways in the development of glioma and
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Fig. 2 Correlation between different status of ARPC5 expression and prognosis of glioma patients. (A) Survival analysis of ARPC5 in CGGA database. (B)
ROC curve analysis of ARPC5 at 1, 3, and 5 years in CGGA database. (C) Survival analysis of ARPC5 in TCGA database. (D) ROC curve analysis of ARPC5 at 1,
3,and 5 years in TCGA database. Survival analysis of the signature in patients stratified by grade (E, F), gender (G, H), age (I, J), IDH mutation status (K, L),
1p/19q codeletion status (M, N), and MGMTp methylation status (O, P) in CGGA database

compare datasets with low and high ARPC5 expression.
In GO functional annotation analysis, some immune and
cell adhesion regulatory pathways were enriched, such
as regulation of mast cell activation involved in immune
response, production of molecular mediator involved in
inflammatory response, production of molecular media-
tor involved in inflammatory response, and positive
regulation of cell adhesion (Fig. 4E). In KEGG pathway
analysis, ARPC5 expression was positively correlated
with apoptosis, focal adhesion, cell adhesion molecules
cams, leukocyte transendothelial migration, and p53 sig-
naling pathway (Fig. 4F).

Investigations the expression of ARPC5 in glioma through
single-cell analysis

We further studied the distribution of ARPC5 expres-
sion in different types of gliomas by analyzing single-
cell data. 6,148 cells from gliomas were classified into
16 clusters (Fig. 5A). In addition, we also examined the

expression of ARPCS5 in different clusters (Fig. 5B). Sub-
sequently, according to the characteristics of different
clusters, all cells were divided into five cell populations.
The results showed that ARPC5 expression was signifi-
cantly increased in astrocytes, monocytes and T cells,
which indirectly indicated that ARPC5 might participate
in immune cell infiltration (Fig. 5C-D).

Correlations of ARPC5 expression with immunity-related
indexes

The patients were divided into low immunity group,
medium immunity group, and high immunity group
according to their immune cell infiltration status
(Fig. 6A). The results showed that ARPC5 expression
is positively correlated with the infiltration of immune
cells (Fig. 6B). We calculated the relationship between
immune microenvironment and ARPC5 expression in
glioma via the estimate algorithm, and the results found
that high expression of ARPC5 was positively correlated
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Fig. 3 Prognostic significance of ARPC5 and its association with drug sensitivity in glioma. (A) Univariate regression analysis of prognosis in CGGA data-
base. (B) Multivariate analysis of prognosis in CGGA database. (C) The nomogram to predict the association between ARPC5 expression and OS was de-
veloped using the CGGA dataset. (D) The calibration curve for the nomogram-predicted OS. ARPC5 affects the sensitivity to 5-fluorouracil (E), bleomycin

(F), etoposide (G), crizotinib (H), sorafenib (1), and erlotinib (J)

with immune score (Fig. 6C). Furthermore, the expres-
sion of ARPC5 was positively correlated with macro-
phages, gamma delta T cells, neutrophils, regulatory
T cells, CD8" T cells, activated memory CD4" T cells.
However, it was negatively correlated with the infiltrating
memory resting CD4" T cells, activated dendritic cells,
activated NK cells, eosinophils, activated mast cells, and

monocytes (Fig. 6D). In addition, TMB and MSI were
performed to predict the immunotherapy role of ARPC5
in glioma. Results showed that ARPC5 expression was
obviously positively related to TMB (Fig. 6E); while nega-
tively related to MSI (Fig. 6F). Our results also showed
that ARPC5 expression is positively correlated with most
immune markers in glioma (Supplementary Fig. 2C).
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Meanwhile, further studies showed that high expression
of ARPC5 was related to the poor immunotherapy effi-
cacy of glioma (Fig. 6G-J).

Effect of ARPC5 on the expression of CD3 and prognosis

In order to further verify the results of the above bio-
informatics analysis, the relationship between ARPC5
and T cell marker (CD3) was evaluated by immunohis-
tochemistry. Our results revealed that there was a sig-
nificant positive correlation between ARPC5 expression
and T cells in 10 glioma samples (Fig. 7A). Then, we fur-
ther used the glioma chip and found that the expression
of ARPC5 is closely related to the prognosis of glioma
patients (Fig. 7B).

Knockout of ARPC5 can significantly inhibit the
proliferation and migration of LN229 and U251 cells

To investigate the function of ARPC5 in glioma cell
lines, a variety of phenotypic experiments were per-
formed. First, we detected the protein expression level of
ARPCS5 in glioma cell lines by Western blot, and found
that ARPC5 expression in LN229 and U251 cells was
significantly higher than that in other glioma cell lines,
which was suitable for subsequent experiments (Supple-
mentary Fig. 2B). Subsequently, the inhibitory effects of
ARPC5-specific ShRNA on the expression of ARPC5 in
LN229 and U251 cells were detected by Western blot
and RT-qPCR (Fig. 8A-B). MTT and clone formation
methods were used to determine the effect of ARPC5
on the proliferation of LN229 and U251 cells, and the
results showed that ARPC5 knockout could obviously
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inhibit cell proliferation (Fig. 8C-E). In addition, the role
of APRC5 in glioma cells migration was evaluated by
transwell assays. Compared with the control group, the
migration ability of LN229 and U251 cells transfected
with shARPC5 was significantly reduced (Fig. 8F).

Discussion

Malignancies of the brain with an estimated 308,102 new
cases account for 1.6% of all cancer cases, and its morbid-
ity has increased over recent years [17, 18]. Gliomas rep-
resent 80% of brain malignancies; despite recent advances
in diagnostic and therapeutic measures, the prognosis of
glioma patients remains poor [19]. For example, the pre-
dicted median survival rate of glioblastoma multiforme
(grade IV) is 12-15 months, and those of anaplastic
glioma (grade III) is 25 years [20]. In recent years, the
recommendation of molecular diagnostics has received

attention in gliomas, which could play an essential role in
clinical practice for the evaluation of prognosis and the
selection of suitable treatment [21]. Moreover, with the
development of high-throughput sequencing technology
and resulting knowledge about genetic alterations occur-
ring in gliomas, new biomarkers are expected to improve
the prognosis of glioma patients.

In this research, we first analyzed the expression of
ARPC5 in glioma on account of the TCGA database,
which verified that ARPC5 was upregulated in glioma
patients. The GEO and UALCAN online analyses further
demonstrated these results. Previous studies have dem-
onstrated that the upregulation of ARPC5 can be found
in a variety of tumors, such as head and neck squamous
cell carcinoma and multiple myeloma, in agreement with
our observational results [22, 23]. Second, we studied
the clinical significance of ARPC5 expression changes in
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glioma patients and found that high expression level of
ARPC5 were significantly related to several clinical fea-
tures, such as gender, histological grade, chemotherapy
status, relapses, IDH mutation, 1p/19q codeletion, and
MGMTp methylation, suggesting that its overexpres-
sion may play a catalytic role in the clinical progress of
glioma. The Kaplan-Meier curves revealed that high

ARPCS5 expression predicts a poor prognosis for patients
with grade II and III gliomas, and the same result was
obtained for different molecular subtypes, such as gender,
age, IDH mutation status, 1p/19q co-deletion status, and
MGMT methylated status. However, it should be pointed
out that no significant differences between ARPC5
expression and poor prognosis in grade IV gliomas. One
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possible explanation about these results is that intratu-
moral molecular heterogeneity in glioblastoma under-
mines robust and durable responses to treatment [24,
25]. ROC curve, univariate and multivariate analyses,
and a clinical correlation nomogram were performed to
further indicate that ARPC5 was an important predic-
tor of glioma. Thus, based on the above studies, ARPC5
may serve as an oncogene in gliomas from different view-
points and represent a risk factor for poor prognosis, but
the pathological mechanism is yet to be elucidated.

In order to explore the mechanism by which ARPC5
may influence prognosis in patients with glioma, we
performed enrichment analysis to conclude the ARPC5-
related genes were involved in cancer-related cell sig-
naling pathways, such as immune, cell adhesion, and
apoptosis. Immunotherapy manipulates the immune
system to target tumor cells with fewest adverse effects
and suppress tumor development [26]. Glioma is consid-
ered to be an “immune-privileged” tumor with complex
tumor microenvironment [27]. Despite immunotherapy
has made significant progress in various cancers, on
account of the selectivity of the blood-brain barrier and
the lack of lymphatic involvement, the application of
immunotherapeutic drugs is greatly limited in glioma
[28]. Therefore, it is of great significance to study new
molecular biomarkers and special immune status of
glioma for tumor treatment. To further explore the rela-
tionship between ARPC5 and immune, we analyzed the
effect of ARPC5 expression on tumor microenvironment.
Our data first showed that high expression of ARPC5 was
positive associated with immune score, stromal score

and TMB in glioma. In addition, higher levels of ARPC5
expression were significantly correlated with macro-
phages, T cells, neutrophils, dendritic cells, NK cells,
eosinophils, mast cells, and monocytes. Interestingly, In
the tumor, macrophages can polarize into two different
phenotypes, M1 phenotype activates T cells and subse-
quent adaptive immunity against brain tumor cells, while
M2 polarization inhibits the production of immune fac-
tors and promotes tumor proliferation [29, 30]. Despite
M1 and M2 macrophage are detected in the brain tumor,
the immune function of M1 macrophage is impaired [31].
In addition, some studies have shown that activated M2
macrophage can transport breast cancer cells into the
brain [32]. These results showed that the relationship
between ARPC5 and immune cell infiltration is com-
plex, and the further research needs to be focus on the
synergy of multiple receptors involved in the immune
response. Among immunotherapeutic approaches,
immune checkpoint inhibitors (ICIs) have played a huge
role in many types of cancers. TMB is a potential biologi-
cal marker for prediction of the survival rate of patients
treated with ICIs [33]. TMB levels may lead to modifica-
tions of proteins encoded by mutated genes [34]. Higher
TMB level has advantage for responsive to ICIs therapy,
which may increase the likelihood of these tumor cells
being killed. However, inhibitory receptor interactions
on immune cells are often preempted by tumors, thus
leading to immune evasion. For example, the binding of
PD-L1 to immune checkpoint PD-1, as well as the bind-
ing of CTLA-4 to CD80/CD86 ligands, are key inhibitory
checkpoint signals that limit T cell activation and block
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its action on tumor cells [35, 36]. At present, CTLA-4
antibody or PD1 antibody have been approved by the U.S.
Food and Drug Administration for clinical use [37]. Our
data showed that higher ARPC5 expression was associ-
ated with higher TMB and lower immune response score

in glioma, which meant that means that targeted inhibi-
tion of ARPC5 may become an attractive immunotherapy
strategy in the treatment of glioma.

Due to the existence of molecular heterogeneity, dif-
ferent and sufficient targeted therapy may open up more
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possibilities for the treatment of glioma. Currently,
the combination of immunotherapy, tumor microen-
vironment and several effective targeted therapies has
attracted more and more attention [38]. Thus, we evalu-
ated whether ARPC5 expression was correlated to drug
sensitivity. As a result, we noted that the estimated IC50
of 5-fluorouracil, bleomycin, and etoposide in the high-
risk group was significantly lower than that in the low-
risk group, indicating that high-risk subpopulations
presented higher sensitivity to above drugs. Meanwhile,
the low-risk subgroup was more sensitive to crizotinib,
sorafenib, and erlotinib. Each of the above drugs showed
different degrees of anti-tumor properties. For example,
5-fluorouracil, an analog of the pyrimidine uracil, is an
antimetabolite anticancer agent used for brain cancer
treatment. Previous studies have confirmed that com-
pound agents of 5-fluorouracil may cause tumor cell
death and change immune cell infiltrate, leading to T cell
mediated antitumor immune response [39, 40]. In addi-
tion, erlotinib is a tyrosine kinase inhibitor and may be
used as a second line therapeutic agent for glioma treat-
ment [41]. A combination of erlotinib, bevacizumab, and
irinotecan is safe and well tolerated, and the median OS
of patients is improved, especially for high-risk patients
[42]. This indirectly proves the significance of ARPC5 in
glioma treatment and indicates its prospect for final clini-
cal application.

Collectively, we found that ARPCS5 is overexpressed in
gliomas, and its expression is closely related to various
clinical characteristics of glioma patients. Meanwhile, a
high ARPCS5 expression could predict a poor prognosis in
patients with gliomas. The present findings also indicated
that ARPC5 may regulate glioma development by partici-
pating in tumor immunity. The researches preliminarily
suggest that ARPC5 could act as a potential prognostic
target in glioma.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512885-023-11433-w.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3
Supplementary Material 4

Supplementary Material 5

Supplementary Material 6

Acknowledgements

The authors express gratitude for the services and facilities provided by the
Frontiers Science Center for Disease-related Molecular Networks. And we give
sincere thanks with deep respect to everyone involved in the study.

Page 13 of 14

Authors’ contributions

Y.M. and J.C. designed the manuscript. B.J. performed cell experiments. Y.M.
and C.L. performed the literature search and data analysis. Y.M. drafted the
article. J.C. revised the article critically. All authors read and approved the final
manuscript.

Funding
This study was funded by the National Natural Science Foundation of China
(No. 82002649).

Data Availability

The datasets presented in this study can be found in the following online
publicly available data sets: TCGA (https://cancergenome.nih.gov), CGGA
(http://www.cgga.org.cn/), GEO (https://www.ncbi.nlm.nih.gov/geo/), HPA
(https://www.proteinatlas.org/), UALCAN (https://ualcan.path.uab.edu/), TCIA
(https://www.cancerimagingarchive.net/). All data Accessed on 27 March
2023.

Declarations

Ethics approval and consent to participate

This manuscript has received ethical approval from the Biomedical Research
Ethics Committee of the West China Hospital of Sichuan University. All
methods in this study were conducted in accordance with relevant
regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Laboratory of Molecular Oncology, Frontiers Science Center for Disease-
related Molecular Networks, West China Hospital, Sichuan University,
Chengdu, Sichuan, China

Department of Pharmaceutical Sciences, School of Pharmacy, University
of Pittsburgh, Pennsylvania, USA

3Department of Neurosurgery, West China Hospital, Sichuan University,
Chengdu, Sichuan, China

Received: 27 March 2023 / Accepted: 21 September 2023
Published online: 03 October 2023

References

1. Ostrom QT, Cioffi G, Waite K, et al. CBTRUS Statistical Report: primary brain
and other Central Nervous System Tumors diagnosed in the United States in
2014-2018[J]. Neuro Oncol. 2021;23(12 Suppl 2):iii1-iii105.

2. Ostrom QT, Bauchet L, Davis FG, et al. The epidemiology of glioma in adults: a
state of the science review[J]. Neuro Oncol. 2014;16(7):896-913.

3. Gusyatiner O, Hegi ME. Glioma epigenetics: from subclassification to novel
treatment options[J]. Semin Cancer Biol. 2018;51:50-8.

4. Louis DN, Perry A, Reifenberger G, et al. The 2016 World Health Organization
classification of tumors of the Central Nervous System: a summary[J]. Acta
Neuropathol. 2016;131(6):803-20.

5. Gritsch S, Batchelor TT, Gonzalez Castro LN. Diagnostic, therapeutic, and
prognostic implications of the 2021 World Health Organization classification
of tumors of the central nervous system[J]. Cancer. 2022;128(1):47-58.

6. Molinie N, Gautreau A. The Arp2/3 Regulatory System and its deregulation in
Cancer[J]. Physiol Rev. 2018;98(1):215-38.

7. LiuZ Yang X, Chen C, et al. Expression of the Arp2/3 complex in human
gliomas and its role in the migration and invasion of glioma cells[J]. Oncol
Rep. 2013;30(5):2127-36.

8. Chang YF, Lee-Chang JS, Imam JS, et al. Interaction between microRNAs
and actin-associated protein Arpc5 regulates translational suppres-
sion during male germ cell differentiation[J1. Proc Natl Acad Sci U S A.
2012;109(15):5750-5.


https://doi.org/10.1186/s12885-023-11433-w
https://doi.org/10.1186/s12885-023-11433-w
https://cancergenome.nih.gov
http://www.cgga.org.cn/
https://www.ncbi.nlm.nih.gov/geo/
https://www.proteinatlas.org/
https://ualcan.path.uab.edu/
https://www.cancerimagingarchive.net/

Ming et al. BMC Cancer

20.
21.

22.

23.

24,
25,
26.
27.

28.

(2023) 23:937

Lui JW, Moore SPG, Huang L, et al. YAP facilitates melanoma migration

through regulation of actin-related protein 2/3 complex subunit 5 (ARPC5)[J].

Pigment Cell Melanoma Res. 2022,35(1):52-65.

Liu C, Liu R, Zhang D, et al. MicroRNA-141 suppresses prostate cancer stem
cells and metastasis by targeting a cohort of pro-metastasis genes[J]. Nat
Commun. 2017;8:14270.

Huang S, Li D, Zhuang L, et al. Identification of Arp2/3 complex subunits as
prognostic biomarkers for Hepatocellular Carcinoma[J]. Front Mol Biosci.
2021;8:690151.

LiT,Fu J, Zeng Z, et al. TIMER2.0 for analysis of tumor-infiltrating immune
cells[J]. Nucleic Acids Res. 202048(W1):W509-w514.

Tang Z Kang B, Li C, et al. GEPIA2: an enhanced web server for large-

scale expression profiling and interactive analysis[J]. Nucleic Acids Res.
201947(W1):W556-w560.

Chandrashekar DS, Karthikeyan SK, Korla PK; et al. UALCAN: an update to the
integrated cancer data analysis platform[J]. Neoplasia. 2022,25:18-27.

Yu K, Hu Y, Wu F, et al. Surveying brain tumor heterogeneity by single-cell
RNA-sequencing of multi-sector biopsies[J]. Natl Sci Rev. 2020;7(8):1306-18.
Kanehisa M, Furumichi M, Sato Y, et al. KEGG for taxonomy-based analysis of
pathways and genomes[J]. Nucleic Acids Res. 2023;51(D1):D587-d592.
Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020: GLOBOCAN
estimates of incidence and Mortality Worldwide for 36 cancers in 185
Countries[J]. CA Cancer J Clin. 2021;71(3):209-49.

Chang X, Pan J, Zhao R, et al. DDOST correlated with Malignancies and
Immune Microenvironment in Gliomas[J]. Front Immunol. 2022;13:917014.
Sledzinska P Bebyn M, Furtak J, et al. Current and promising treatment strate-
gies in gliomalJ]. Rev Neurosci; 2022.

Pace A, Tanzilli A, Benincasa D. Prognostication in brain tumors[J]. Handb Clin
Neurol. 2022;190:149-61.

Sledzinska P Bebyn MG, Furtak J et al. Prognostic and predictive biomarkers
in Gliomas[J]. Int J Mol Sci, 2021, 22(19).

Kinoshita T, Nohata N, Watanabe-Takano H, et al. Actin-related protein 2/3
complex subunit 5 (ARPC5) contributes to cell migration and invasion and

is directly regulated by tumor-suppressive microRNA-133a in head and neck
squamous cell carcinomalJ]. Int J Oncol. 2012;40(6):1770-8.

Xiong T, Luo Z. The expression of actin-related protein 2/3 Complex Subunit
5 (ARPC5) expression in multiple myeloma and its prognostic Significance[J].
Med Sci Monit. 2018;24:6340-8.

Lee E, Yong RL, Paddison P, et al. Comparison of glioblastoma (GBM) molecu-
lar classification methods[J]. Semin Cancer Biol. 2018;53:201-11.

Mende AL, Schulte JD, Okada H, et al. Current advances in immunotherapy
for GlioblastomalJ]. Curr Oncol Rep. 2021,23(2):21.

Sanmamed MF, Chen L. A paradigm shift in Cancer Immunotherapy: from
enhancement to Normalization[J]. Cell. 2019;176(3):677.

Huang B, Li X, Li Y, et al. Current immunotherapies for Glioblastoma
Multiforme[J]. Front Immunol. 2020;11:603911.

Sampson JH, Maus MV, June CH. Immunotherapy for Brain Tumors[J]. J Clin
Oncol. 2017;35(21):2450-6.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 14 of 14

Cherry JD, Olschowka JA, O'banion MK. Neuroinflammation and M2 microg-
lia: the good, the bad, and the inflamed[J]. J Neuroinflammation. 2014;11:98.
Richard SA. The Pivotal Immunoregulatory Functions of Microglia and Macro-
phages in Glioma Pathogenesis and Therapy[J]. J Oncol, 2022, 2022: 8903482.
Lanza M, Casili G, Campolo M et al. Immunomodulatory Effect of Microglia-
Released Cytokines in Gliomas[J]. Brain Sci, 2021, 11(4).

Pukrop T, Dehghani F, Chuang HN, et al. Microglia promote colonization

of brain tissue by breast cancer cells in a wnt-dependent way[J]. Glia.
2010;58(12):1477-89.

Yang W, Lei C, Song S, et al. Immune checkpoint blockade in the treatment
of malignant tumor: current statue and future strategies[J]. Cancer Cell Int.
2021,21(1):589.

Xue W, Wang, Xie Y, et al. miRNA-Based signature Associated with

Tumor Mutational Burden in Colon AdenocarcinomalJ]. Front Oncol.
2021;11:634841.

Galuppini F, Dal Pozzo CA, Deckert J, et al. Tumor mutation burden: from
comprehensive mutational screening to the clinic{J]. Cancer Cell Int.
2019;19:209.

Ghahremanloo A, Soltani A, Modaresi SMS, et al. Recent advances in the
clinical development of immune checkpoint blockade therapy[J]. Cell Oncol
(Dordr). 2019;42(5):609-26.

Shen'S, Chen L, Liu J, et al. Current state and future of co-inhibitory

immune checkpoints for the treatment of glioblastomal[J]. Cancer Biol Med.
2020;17(3):555-68.

Yang K, Wu Z, Zhang H, et al. Glioma targeted therapy: insight into future of
molecular approaches[J]. Mol Cancer. 2022;21(1):39.

Accomando WP, Rao AR, Hogan DJ, et al. Molecular and immunologic
signatures are related to Clinical Benefit from Treatment with Vocimagene
Amiretrorepvec (Toca 511) and 5-Fluorocytosine (Toca FC) in patients with
Gliomal[J]. Clin Cancer Res. 2020;26(23):6176-86.

Mitchell LA, Lopez Espinoza F, Mendoza D, et al. Toca 511 gene transfer and
treatment with the prodrug, 5-fluorocytosine, promotes durable antitumor
immunity in a mouse glioma model[J]. Neuro Oncol. 2017;19(7):930-9.
Garcfa-Claver A, Lorente M, Mur P, et al. Gene expression changes

associated with erlotinib response in glioma cell lines[J]. Eur J Cancer.
2013;49(7):1641-53.

El-Khouly FE, Veldhuijzen Van Zanten SEM, Jansen MHA, et al. A phase I/1l
study of bevacizumab, irinotecan and erlotinib in children with progressive
diffuse intrinsic pontine gliomalJ]. J Neurooncol. 2021;153(2):263-71.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿ARPC5 acts as a potential prognostic biomarker that is associated with cell proliferation, migration and immune infiltrate in gliomas
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data collection
	﻿Analysis of clinical characteristic and prognosis of ARPC5 in glioma
	﻿Gene set enrichment analysis (GSEA)
	﻿Correlations of ARPC5 expression with immunity-related indexes
	﻿Cell culture and transfection
	﻿RNA isolation and qPCR
	﻿MTT cell proliferation assay
	﻿Clone formation assay
	﻿Transwell migration assay
	﻿Immunohistochemistry
	﻿Western blotting
	﻿Statistical analysis

	﻿Results
	﻿Abnormally high expression of ARPC5 in glioma
	﻿Relationship between ARPC5 gene expression and clinical characteristic
	﻿Correlation between the different status of ARPC5 expression and prognosis of glioma patients
	﻿Enrichment analysis identifies ARPC5-associated signaling pathways
	﻿Investigations the expression of ARPC5 in glioma through single-cell analysis
	﻿Effect of ARPC5 on the expression of CD3 and prognosis
	﻿Knockout of ARPC5 can significantly inhibit the proliferation and migration of LN229 and U251 cells

	﻿Discussion
	﻿References


