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ABSTRACT

Background and Objectives: Actin-related protein 2/3 complex subunit 1B (ARPC1B) is
an essential subunit of the actin-related protein 2/3 (Arp2/3) complex. While there have
been numerous research reports on Arp2/3 in relation to tumors, there needs to be more
research on ARPC1B and its role in tumors, particularly at the pan-cancer level. Methods:
Utilizing data from the cancer genome atlas (TCGA) and genotype-tissue expression (GTEX)
databases, we analyzed ARPC1B expression differences in normal, tumor, and adjacent
tissues, investigating its correlation with prognosis and clinical stages in various cancers.
We conducted gene enrichment analysis and explored ARPC1B's connection to the tumor
immune microenvironment and its impact on anti-tumor drug resistance. In addition, in vivo
and in vitro experiments have also been carried out to find the mechanism of ARPC1B on
ovarian cancer (OV) proliferation and invasion. Results: ARPC1B was highly expressed in
33 tumor types, suggesting its role as a tumor-promoting factor. Its expression correlated with
poor prognosis and served as a clinical staging marker in over 10 tumor types. ARPC1B is
implicated in various biological processes and signaling pathways, uniquely associated with
tumor immunity, indicating immunosuppressive conditions in high-expression cases. High
ARPC1B expression was linked to resistance to six anti-tumor drugs. Further experiments
showed that ARPC1B can affect the proliferation, apoptosis, migration, and invasion of OV
cells through the AKT/PI3K/mTOR pathway. Conclusion: ARPC1B is a biomarker forimmune
suppression, prognosis, clinical staging, and drug resistance, providing new insights for
cancer therapeutics.
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In various physiological and pathological
states of the human body, the remodeling
of the actin skeleton plays a crucial role.
This process involves the participation
of various actin-related proteins through
complex interactions.!"' A series of previous
studies have found that actin cytoskeleton
remodeling plays a crucial role in immune
cell function, and its changes can lead to

autoimmunity or primary immunodeficiency
(PID).>"! Among the vatious actin-related
proteins, the actin-related protein 2/3
(Arp2/3) complex has garnered widespread
attention.!! The absence of the Arp2/3
complex results in reduced lamellipodia
formation, chemotaxis defects, and
diminished cell migration capability. This,
in turn, gives rise to innate and adaptive
immune abnormalities, ultimately leading
to immune disorders.P! Actin-related protein
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2/3 complex subunit 1B (ARPC1B) is a protein encoded
by the ARPC1B gene in humans.! This gene encodes one
of the seven subunits of the human Arp2/3 complex.!”
This subunit can enhance the branching of actin filaments
and influence the Arp2/3 complex’s capacity to assemble
actin,® which plays a pivotal role in the alterations of actin
filament dynamics mediated by the Arp2/3 complex.

The Arp2/3 complex is a critical regulator of various
biological activities. Previous studies have shown that
Arp2/3 subunits are highly expressed in vatious types of
tumors, including lung cancer,” breast cancer,'” glioma,'"
gastric cancer!” and colorectal cancer."” Interestingly,
recent studies have shown that the Arp2/3 complex
is overexpressed not only in tumor cells, but also in
cancer-associated fibroblasts, a component of the tumor
microenvironment (TME).'*""! This overexpression is
associated with the transition to invasive stages of cancer
progression, suggesting complex interactions between
tumor cells and the surrounding microenvironment.
This interaction may have important implications for
cancer development and treatment strategies. In addition,
recent studies have found that this complex can affect
mitochondrial dynamics and thereby change the metabolic
state of tumor cells, leading to the occurrence of tumor
drug resistance.'” However, the role of ARPCI1B, a
key component of the Arp2/3 complex, has not been
extensively studied in depth. Current research tends to
suggest that ARPC1B is associated with platelet function
and immune system defects,'”" but its role in tumors is
not clear.

As research in the field of oncology advances, our
understanding of cancer, a complex disease, is continually
evolving. Notably, the exploration of the (TME has opened
new avenues for cancer research.'”? ' The TME comprises
avariety of cell types, with tumor-infiltrating immune cells
constituting a significant portion.* Despite the widespread
investigation of the TME in recent years, there is still a
need for further research into the dynamic adjustment and
interaction of its components. Concurrently, the critical
role of immune cells in tumor initiation and progression
has given rise to innovative treatment methods like
immune checkpoint blockade.?*! However, the issue
of drug resistance in tumor cells remains a pervasive
challenge in clinical cancer treatment, significantly limiting
the effectiveness of vatious therapeutic approaches.”"
Interestingly, previous studies have shown that the
AKT/PI3K/mTOR pathway plays a key role in a variety
of processes including cell growth, proliferation and
survival.®! In cancer, this pathway is frequently disrupted,
which promotes tumor development and progression.
In the TME, the AKT/PI3K/mTOR pathway interacts
with factors such as immune cells, stromal cells, and

extracellular matrix, which can affect or be atfected by the
pathway.”**"l Dysregulation of this pathway in the TME
can promote tumor growth, angiogenesis, and resistance to
therapy, making it an important target in cancer treatment
strategies.”*! It’s worth noting that while there has been
significant progress in studying the treatment and drug
resistance of individual tumor types, there is a dearth of
research exploring commonalities across different cancers
at a broader, pan-cancer level.

In this study, we conducted an analysis of ARPC1B gene
expression differences in 33 different cancer types using
data from multiple databases. We examined how ARPC1B
expression varies across each cancer and its impact on
patient prognosis in a pan-cancer context. Additionally, we
performed gene enrichment analysis and TME correlation
analysis. We also established a TME signature score system
to investigate the role of the ARPCIB gene in a variety
of cancers. Furthermore, we assessed the connection
between ARPC1B and immune infiltrating cells, immune-
related genes, major histocompatibility complex (MHC)
family genes, chemokines, and chemokine receptors using
data from multiple databases. Our aim was to elucidate
the relationship between the ARPCI1B gene and tumor
immunity. Finally, we analyzed the relationship between
this gene and tumor drug sensitivity. Further experiments
showed that ARPC1B can affect the proliferation, apoptosis,
migration and invasion of ovarian cancer (OV) cells
through the AKT/PI3K/mTOR pathway. It is important
to note that, among the 33 cancer types, we placed special
emphasis on ovarian serous cystadenocarcinoma (OV) and
conducted a detailed analysis of the unique role of the
ARPCI1B gene in this specific cancer.

MATERIALS AND METHODS

Gene expression analysis in pan-cancer

Through the UCSC XENA website (https://xenabrowser.
net/datapages/),” 33 types of tumor samples, normal
tissue RNA sequencing (RNA-seq), and related clinical
data were downloaded from The Cancer Genome Atlas
(TCGA) databaseP'! and Genotype-Tissue Expression
(GTEx) databaseP to analyze the expression of ARPC1B
in a variety of cancer samples, normal tissues, and adjacent
tissues, and to reveal the relationship between the gene and
the clinical stages of various tumors. Statistical analysis
was conducted by R software v4.1.1, “ggplot2”, “ggpubr”
and “ggradar” packages were used for visualization. The
two sets of data were detected by #test, and P < 0.05 was
considered to have statistically significant genomic changes.

The changes in the ARPCI1B status of cancer patients
are obtained from the online cBioPortal database of
cancer genomics (http://www.cbioportal.org/).”l The
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genome changes of ARPCIB include “amplification”,
“deep deletion”, “missense mutation” and “structural
abnormality”. In addition, we also analyzed the correlation
between the copy number of ARPC1B and promoter
methylation in each tumor, using the “ggplot2” package

for plotting.

Survival and prognostic analysis of ARPC1B

To investigate the relationship between ARPC1B and the
prognosis of various cancers, we performed a univariate
Cox regression analysis, considering overall survival (OS),
disease-specific survival (DSS), disease-free interval (DFI),
and progression-free interval (PFI) indicators. For Kaplan-
Meier survival analysis, patients were stratified into high and
low expression groups based on the ARPC1B expression
cutoff value in various tumors using the ”survminer”
and survival” packages. A P-value less than 0.05 was
considered statistically significant.

Gene enrichment analysis

To explore the gene function of ARPC1B and its biological
effects in various cancers, gene set variation analysis
(GSVA) enrichment analysis was performed to evaluate
the correlation between this ARPCIB and 50 hallmark
pathways based on the MsigDB database (http://software.
broadinstitute.org/gsea/msigdb/index.jsp) HALLMARK
pathway dataset.’! Among all cancers, we paid special
attention to OV, so we conducted the correlation analysis
between ARPCI1B and key pathways in OV. In this study,
we believe that P-value < 0.05 is statistically significant.
GSVA analysis uses R software v4.1.1, “GSVA” package
for scoring, “ggplot2” and “ggpubr” for plotting

In addition, to further explore the role of this gene in
OV, we analyzed the correlation between ARPCI1B and
all mRNAs, and performed gene set enrichment analysis
(GSEA)-GO, GSEA-KEGG GSEA-Reactome analysis
based on the results of correlation analysis, P-value < 0.05
was considered statistically significant. Gene correlation
analysis results are presented in the form of heat maps
using the “pheatmap” package, and GSEA analysis is
performed using the ”clusterpofiler package.

TME analysis

Estimate algorithm is an algorithm to estimate the matrix
and immune cells in malignant tumor tissue based on
expression data.’ It can calculate matrix scores and
immunity based on indicators such as the abundance
of matrix and tumor infiltrating immune cells in tumor
samples score. To explore the correlation between the
ARPCIB gene and the TME, we used the R language
“ESTIMATE” package to calculate the correlation between
the gene and tumor tissue’s Stromalcore, ImmuneScore,
ESTIMATEScore (the sum of the first two), and

TumorPurity. In addition, we also focused on the analysis
of the relationship between ARPC1B in OV and the TME.

The TME gene sets were downloaded and the scores of
each gene set in TCGA pan-cancer were calculated using
the method from the published paper.F!

Correlation analysis between ARPC1B and
tumor immune infiltrating cells

Based on the previous enrichment analysis and TME
analysis results, we found that the ARPC1B gene is closely
related to the immune response in the occurrence and
development of a variety of cancers. To further explore
the role of this gene in tumor immunity, we conducted
a relationship analysis between a variety of cancers and
immune cell infiltration based on this gene. CIBERSORT
was originally mainly used for the analysis of TME, but
currently, it is used more and more for the characteristics
of immune infiltration in non-tumor tissue analysis.
Immune cell infiltration scores are downloaded from the
ImmuCellAI database (http://bioinfo.life.hust.edu.cn/
ImmuCellAT#!/),P which contains 32 types of tumors
(without acute myeloid leukemia [LAML]) and 24 types
of immune cell infiltration status. Use CIBERSORT to
calculate the correlation, and the results are displayed in
the form of a heat map.

The Ttumor immune estimation resource (TIMER)
database (https://cistrome.shinyapps.io/timer/)P is an
integrated web server used to evaluate the abundance
of tumor infiltration immune cells (T1IC) in different
cancer types. We also downloaded the pan-cancer immune
infiltration data from the TIMER2 database to calculate the
correlation between gene expression and each immune cell
gene, and the results were displayed in heat maps.

Previous studies believe that tumor cells can stimulate
immune checkpoint targets,” lose MHC/human leukocyte
antigen (HLA) class I molecules,*” and affect immune
cell recruitment to escape from being cleared by the
immune system,**!) To further study the specific role
of ARPC1B in tumor immunity, we further analyzed the
correlation between this gene and immunosuppressive
genes, MHC genes, chemokine/chemokine receptors at
the pan-cancer level, and OV was toked as an example
for analyzing the relationship between ARPCI1B and 5
immune checkpoints. The visualization of all heat maps
in this step was conducted by the “ggplot2” package. The
correlation between ARPC1B and immune checkpoints
in OV is presented as a circle diagram, visualized by the
“circlize” package.

Cell culture and gene transfection
The SKOV3 and A2780 cell lines were procured from
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Procell Life Science& Technology Co., Ltd. situated in
Wuhan, China. The cells were cultured in DMEM (KeyGen,
China) supplemented with 10% FBS (Thermo fisher,
USA) and 1% penicillin/streptomycin (100 U/mL) for
SKOV3 cells and A2780 cells. The cells were maintained
in a standard culture environment with 5% CO, at 37°C.
In the lentiviral transduction experiment, we utilized
lentiviral constructs obtained from OBiO in Shanghai,
China, to create knockdown (shARPC1B) and control
(shNC) vectors for the ARPC1B gene. Subsequently, we
used 5 pg/ml puromycin to select for stable expression
of these two constructs in OV cells.

Cell counting kit-8 (CCK-8)

ES-2 and OVCAR-3 cells were seeded into 96-well
plates at a density of 5 X 10* cells/well and subjected to
treatment with shNC and shARPC1B for O h, 24 h, 48 h,
and 72 h. Following treatment, the cells were exposed to
10 pL. of CCK-8 (Beyotime, China) at 37°C for 2 h, and
the absorbance values were measured at 450 nm using a
microplate reader (Bio-Rad, USA).

Ethynyldeoxyuridine (EAU) assay

The current investigation evaluated the cell proliferation
status, which indicates the percentage of cells undergoing
DNA replication, by employing an EdU detection
kit (RiboBio, China). The incorporation rate of EdU
was determined by calculating the proportion of cells
incorporating EdU to those stained with Hoechst 33,342.
Each experimental group was evaluated by enumerating a
minimum of 500 cells.

Transwell assay

For the invasion assay, the upper chamber was pre-coated
with Matrigel (BD Bioscience, China), and cells were seeded
in the serum-free medium. The complete medium was
subsequently added to the lower chamber. After 24 h of
culture, non-migrating or non-invading cells were removed
from the upper chamber using cotton swabs. The cells in
the lower chamber were fixed with 4% paraformaldehyde
and stained with 0.1% crystal violet. The migrated or
invaded cells were then counted under a microscope.

Western blot

Proteins were extracted from cells using RIPA lysis
buffer (Beyotime, China). Subsequently, the proteins
were separated on a 10% SDS-PAGE gel and transferred
onto a 0.45 pm PVDF membrane. The membrane was
blocked with a 5% skim milk solution in TBST at room
temperature for 1 h. Following blocking, the membrane
was incubated overnight at 4°C with the primary antibody,
and subsequently with an HRP-conjugated secondary
antibody for 2 h at room temperature. The protein bands
were visualized and quantified using the ECL kit (Beyotime,

China) and Image | software, respectively. Each experiment
was performed thrice. The following antibodies (Sigma)
were used for the Western blot analysis: anti-ARPC1B
(Beyotime, China), anti-GAPDH (Beyotime, China), and
anti-rabbit IgG (Beyotime, China).

Wound healing

ES-2 and OVCARS3 cells were seeded in a 6-well culture
plate. Transfection was performed using ARPC1B shRNA.
The cells were allowed to grow until fully confluent. A
scratch was made on the culture plate using a P200 pipette
tip. Images were captured at 0 h and 24 h using a Japanese
Olympus inverted microscope. Cell migration was analyzed
using the Image | software, and each experiment was
repeated three times.

Apoptosis assay

The cell culture and cell transfection were similar to the
previous experiments. After transfection for 72 h, the
control and transfection group cells were digested with
EDTA-free trypsin and washed twice with PBS solution.
According to the manufacturer’s guidelines, we used the
Annexin V-APC/PI apoptosis detection kit (Beyotime,
China) to conduct the apoptosis assay. Finally, a flow
cytometer, and Flow]Jo software, were used to detect the
cell and analyze the results.

Statistical analysis

In this article, a Student’s #test was performed for the
gene expression data of tumor samples downloaded from
TCGA and GTEx databases. Except for the correlation
between ARPC1B and tumor drug resistance using
Spearman correlation analysis, other correlation tests were
all expressed by Pearson coefficient. All analyses were
performed using R software (version 4.1.1, www.r-project.
org) loaded with R packages (ggplot2, ggradar, ggpubr,
pheatmap, clusterpofiler, GSVA, survmine, suivival,
ESTIMATE, and circlize packages). The results of P <
0.05 were considered statistically significant and provided
credibility for data analysis.

RESULT

The expression of ARPC1B in pan-cancer

In this study, we analyzed 33 tumor specimens to delineate
the expression profile of the ARPC1B gene across
diverse cancers, drawing upon data from the TCGA and
GTEx databases (Figure 1A). Our results demonstrate
significant upregulation of ARPC1B in various tumor types,
particularly in (OV, while its expression is comparatively
lower in kidney chromophobe (KICH), LAML, lung
squamous cell carcinoma (LUSC), prostate adenocarcinoma
(PRAD), and thyroid carcinoma (THCA) when set against
normal tissue benchmarks. Furthermore, a radar chart was
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employed to concisely illustrate the mean expression levels
of ARPCI1B in the 33 tumor categories included in the
TCGA dataset (Figure 1B). The notable overexpression
of ARPC1B in OV and other malignancies highlights its
potential oncogenic role. In contrast, increased expression
of ARPC1B was observed in normal spleen, bone marrow,
and blood samples (Figure 1C). Additionally, ARPC1B
expression across various cell lines was investigated (Figure
1D). The subcellular localization of ARPCIB, analyzed
using the Human Protein Atlas (HPA) database, was
assessed in cell lines such as A-431, U-251MG, and U-20S
(Figure 1E). Subsequent analysis of ARPCI1B protein
levels, specifically in (OV tissues using the HPA database,
revealed a significant elevation compared to normal tissues
(Figure 1F).

Correlation between ARPC1B and pan-cancer
characteristics

In this comprehensive study, we elucidate the relationship
between ARPC1B gene expression and the clinical stage
across a spectrum of tumor types. Our rigorous analysis
covered ten distinct tumor types, namely adrenocortical
carcinoma (ACC), bladder urothelial carcinoma (BLCA),
(KICH, kidney renal clear cell carcinoma (KIRC), liver
hepatocellular carcinoma (LIHC), lung adenocarcinoma
(LUAD), (OV, pancreatic adenocarcinoma (PAAD),
stomach adenocarcinoma (STAD), and uveal melanoma
(UVM). Our findings demonstrate a notable positive
correlation between ARPCI1B expression and advanced
clinical stages (Supplementary Figure 1). The research
further identifies a significant linkage of gene mutations,
amplifications, mRNA methylation modifications, and
copy number alterations with the onset and progression
of these tumors.

Expanding our research scope, we investigated the
presence of similar ARPC1B alterations across a broader
array of 33 cancer types. The data revealed that ARPC1B
amplification plays a major role in tumor progression
in esophageal carcinoma (ESCA), diffuse large b-cell
lymphoma (DLBC), (PAAD, cholangiocarcinoma (CHOL),
uterine carcinosarcoma (UCS), (ACC, (KIRC, and (KIR.C
Conversely, genomic mutations were found to be a
primary contributing factor to alterations in (UVM, with
significant implications in colon adenocarcinoma (COAD)
and uterine corpus endometrial carcinoma (UCEC). A
critical finding was the identification of deep deletion of
ARPCI1B as a key factor in (LAML and (THCA (Figure
2A). We also investigated the mutation rate of ARPC1B
in (OV tumors, uncovering a mutation rate of 0.37%,
which is visually represented in a lollipop plot (Figure 2B).
The somatic mutation landscape of the OV cohort was
further illustrated using an Oncoplot, underscoring the
high frequency of mutations in TP53, TTN, and CSMD3,

with a more prevalent occurrence of ARPC1B mutations
in the low-expression group (Figure 2C).

A significant positive correlation was established between
ARPCI1B expression and copy number vatiations in 27
tumor types, juxtaposed with a noteworthy negative
correlation observed in thymoma (THYM, Supplementary
Figure 2A). An inverse relationship was also noted between
the level of gene expression and mRNA methylation
modification across various tumor types (Supplementary
Figure 2B).

Delving into the prognostic implications, our study reveals
that high promoter methylation of ARPC1B is associated
with diminished OS in KIRC (Supplementary Figure 2C),
lower grade glioma (LGG, Supplementary Figure 2D), and
UVM (Supplementary Figure 2E), whereas it correlates
with improved survival outcomes in pheochromocytoma
and paraganglioma (PCPG, Supplementary Figure 2F).
Prognostic factor index (PFI) analysis further delineates
the role of ARPC1B methylation as a protective factor
in breast invasive carcinoma (BRCA), LGG, PCPG,
THYM, and UVM, in contrast to its risk factor status
in testicular germ cell tumors (TGCT, Supplementary
Figure 3A). Additionally, heightened ARPC1B methylation
was identified as a protective factor in DSS analysis
(Supplementary Figure 3B).

Correlation between ARPC1B and pan-cancer
prognosis and survival

In an effort to elucidate the prognostic significance of
ARPCI1B expression in cancer, we conducted Kaplan-Meier
survival analyses across nine distinct tumor types. Our study
revealed a statistically significant correlation between elevated
ARPCIB expression and reduced OS probabilities in ACC
(Figure 3A), glioblastoma (GBM, Figure 3B), KICH (Figure
3C), KIRC (Figure 3D), LGG, Figure 3E), LIHC (Figure
3F), LUAD (Figure 3G), OV (Figure 3H), and UVM (Figure
3I). This trend was further substantiated by the analysis of
DSS, where increased ARPC1B expression emerged as a
significant risk factor in ACC, COAD, DLBC, GBM, KIRC,
LGG, OV, rectum adenocarcinoma (READ), and UVM
(Supplementary Figure 4A).

Furthermore, we examined the impact of ARPC1B expression
on PFI across different cancer types. Kaplan-Meier curves
indicated a notable association between higher ARPC1B levels
and poorer PFlin ACC, cervical squamous cell carcinoma and
endocervical adenocarcinoma (CESC), GBM, KIRC, LGG,
PRAD, and UVM (Supplementary Figure 4B).

ARPC1B and immune infiltrating cells
The aforementioned analysis results demonstrated a strong
correlation between ARPC1B and immune responses in
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Figure 1: ARPC1B expression levels and localization. (A) Analysis of the TCGA and GTEx databases indicated higher expression of ARPC1B in several tumors,
including OV, and lower expression in KICH, LAML, LUSC, PRAD, and THCA compared to normal tissues. See Supplementary Table 1 for full TCGA disease
abbreviations. (B) A radar chart illustrates the varying average expression levels of the ARPC1B gene in 33 TCGA tumors. (C) Demonstrates the expression
levels of the ARPC1B gene in normal tissues, especially in the spleen, bone marrow, and blood, reflecting the gene’s importance in normal physiological
conditions. (D) Examines the expression of the ARPC1B gene in different cell lines. (E) Detailed analysis of the subcellular localization of ARPC1B in various
cell lines, including A-431, U-251MG, and U-20S, using the HPA database, revealing its specific intracellular localization. Green: ARPC1B, Blue: nucleus, Red:
microtubules. (F) Analysis using the HPA database reveals higher ARPC1B protein expression in OV compared to normal tissue, suggesting a potential role
in its development. Wilcoxon rank-sum test was used for analyzing two groups, and the Kruskal-Wallis test for multiple groups. Data are expressed as mean
+ standard deviation. Significance markers: ns, P = 0.05; ‘P < 0.05; P < 0.01; ""P < 0.001. ARPC1B: Actin-related protein 2/3 complex subunit 1B; TCGA:
the cancer genome atlas; GTEx: genotype-tissue expression; ACC: adrenocortical carcinoma; BLCA: bladder urothelial carcinoma; BRCA: breast invasive
carcinoma; CESC: cervical squamous cell carcinoma; CHOL: cholangiocarcinoma; COAD: colon adenocarcinoma; DLBC: lymphoid neoplasm diffuses large B
cell lymphoma; ESCA: esophageal carcinoma; GBM: glioblastoma multiforme; HNSC: head and neck squamous cell carcinoma; KICH: kidney chromophobe;
KIRC: kidney renal clear cell carcinoma; KIRP: kidney renal papillary cell carcinoma; LANIL: acute myeloid leukemia; LGG: brain lower grade glioma; LIHC: liver
hepatocellular carcinoma; LUAD: lung adenocarcinoma; LUSC: lung squamous cell carcinoma; MESQ: mesothelioma; OV: ovarian serous cystadenocarcinoma;
PAAD: pancreatic adenocarcinoma; PCPG: pheochromocytoma and paraganglioma; PRAD: prostate adenocarcinoma; READ: rectum adenocarcinoma; SARC:
sarcoma; SKCM: skin cutaneous melanoma; STAD: stomach adenocarcinoma; TGCT: testicular germ cell tumors; THCA: thyroid carcinoma; THYM: thymoma;
UCEC: uterine corpus endometrial carcinoma; UCS: uterine carcinosarcoma; UVM: uveal melanoma; TCGA: the cancer genome atlas; GTEx: genotype-tissue
expression; CCLE: cancer cell line encyclopedia; CLL: chronic lymphoblastic leukemia; ALL: acute lymphoblastic leukemia; LCML: chronic myeloid leukemia;
MM: multiple myeloma; SCLC: small cell lung cancer; NB: neuroblastoma; MB: medulloblastoma; HPA: human protein atlas.
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LGG and sarcoma (SARC), where it shows a high
degree of positive correlation with infiltration scores,
macrophages, and regulatory T (Treg) cell infiltrations. In
most tumors, ARPC1B exhibits a negative correlation with
neutrophil infiltration (Figure 4A). Moreover, examining
the correlation of immune cell infiltration based on the
TIMER2 database revealed that the expression level of
ARPCI1B exhibits a significant positive correlation with
tumor-associated fibroblasts and macrophages in various
tumors (Figure 4B).

Furthermore, our observations reveal a robust correlation
between ARPC1B and immune suppressor genes, including
LGALSY, TGFB1,and CSFTR, across various tumor types
(Supplementary Figure 5A). Moreover, from a pan-cancer
perspective, ARPC1B expression consistently displays a
positive correlation with the expression of HI.A-E, as well
as the expression levels of chemokines such as CXCL76,
CCL5, CCL3, and chemokine receptors like CCR7, CCR5,
and CXCR3 (Supplementary Figure 5B-D). These collective
findings suggest that individuals with elevated ARPC1B
gene expression may exhibit an immune-suppressed state.
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Figure 3: Analysis of the correlation between ARPC1B expression and 0S rates in patients with nine different types of tumors. (A) ACC. (B) GBM. (C) KICH. (D)
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In our study, we conducted an analysis of the association
between ARPC1B and immune checkpoint genes in OV. Our
findings indicate a positive correlation between ARPC1B
and multiple immune checkpoint genes (Supplementary
Figure 5E). This observation suggests that ARPC1B
may have a modulatory effect on the immune response,
potentially contributing to the promotion of cancer.
These discoveries underscore the potential significance of
ARPCI1B in the regulation of immune responses, which
could have implications for tumor development and the
immune status of patients. As a result, these findings offer
valuable insights for future investigations into the role of
ARPCI1B in tumor immunology.
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ARPC1B and TME analysis

The TME, comprising stromal cells, tumor cells, and
immune cells, has been widely recognized in the academic
community.’ Its significance lies in its role in the
advancement and control of cancer, exerting substantial
influence on tumor proliferation, metastasis, resistance
to therapeutic drugs, and treatment effectiveness. We
investigated the relationship between ARPCI1B and
Stromalcore, ImmuneScore, ESTIMATEScore, and tumor
purity in various tumors (Figure 5A). Notably, the results
indicate that in various tumors, the expression of ARPC1B
exhibits a significant positive correlation with Stromalcore,
ImmuneScore, and ESTIMATEScore, while showing a
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negative correlation with tumor purity.

The heatmap illustrates the association between the
expression of ARPC1B and various factors related to the
TME. In most cancer cases, a strong positive correlation
is observed between ARPC1B expression levels and terms
related to antigen processing machinery, DNA replication,
base excision repair, nucleotide excision repair, mismatch
repair, and antigen processing machinery (Figure 5B).
Furthermore, through additional analysis, we identified
significant differences in processes such as CD8" T effector,
immune checkpoint, antigen presentation process, pan-
fibroblast TGFb reaction signature (Pan-F-TBRS), and
epithelial-interstitial transformation between the ARPC1B
high expression group and low expression group in OV

(Figure 5C).

Functional enrichment analysis of ARPC1B
Additionally, we conducted a correlation analysis of the
ARPCI1B gene in OV. We used heatmaps to visually represent
the top 50 genes exhibiting the most significant positive and
negative correlations individually (Supplementary Figure
0A-B). Furthermore, a GSEA was performed on all the
genes found to be correlated. The results of GSEA-GO,
GSEA-KEGG, and GSEA-Reactome analyses unveiled a
strong association between the expression of ARPC1B and
various pathways and biological processes in OV, including
innate immune response, oxidative phosphorylation, and
centrifugal degranulation (Figure 6A-C).

The enrichment scores of various hallmark pathways were
analyzed using GSVA, and the corresponding ARPC1B
expression levels were visualized as a heatmap sourced
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from the MsigDB database. In OV, we observed that
the expression of ARPCI1B was significantly positively
correlated with 45 pathways, including the reactive oxygen
species pathway (ROS pathway), adipogenesis, P53
pathway, and PI3K AKT MTOR signaling, while it was
significantly negatively correlated with pathways related
to spermatogenesis, pancreas beta cells, and KRAS DN
signaling (Figure 6D).

The suppression of cell proliferation, migration,
and enhancement of apoptosis in OV is achieved
through the inhibition of ARPC1B

From the above results, we found that high expression

416

of ARPCIB is associated with a poor prognosis. This
suggests that ARPC1B may be a potential target for
the treatment of OV. our research has confirmed the
potential involvement of ARPC1B in the progression of
OV. To further investigate this issue, we first analyzed the
expression of ARPCIB in different cell lines using the
Cancer Cell Line Encyclopedia (CCLE) database (Figure
7A). Additionally, we validated the results in various tumor
cell lines through Western blot. The findings revealed that,
compared to normal ovarian cells, A2780 and SKOV3
exhibited the highest expression of ARPC1B (Figure 7B).
Subsequently, we conducted shRNA-mediated silencing
experiments on A2780 and SKOV3 cells. The effectiveness

JOURNAL OF TRANSLATIONAL INTERNAL MEDICINE / JUL-AUG 2024 / VOL 12 | ISSUE 4



Ke et al.: Arp2/3 in ovarian cancer

R 0>
F F o S
/\0% 04 (()% 53%' Y’J, kKK

ARPCIB| T e— -
GAPDH [ S S S e | 2 s -D
A N
D \]

Relative ARPC1B
protein expression

H 7,
[6)
OV\(? = \
— @ 20

\GROY \s/ AK-ov.. SR S

a1 g&ovg ARPC B[ il G S s

@e&s% pgrg@fuev s1<ov3|

W s po:

GAPDH [ s e e— a— a— |

m 15
Q‘DQ %/%Q-.°<AOVQ) > = .2
5 2247, o2
Ofyi5Tegrs ¥ ARPC | B[ ] S E
559 % R A2780 g s
53 Fe GAPDH[ S S — -~ _ . ;
5 £3
X & 800
D SKOV3  A2780
= Control
= sh-NC
Control - :h-ARPC 1B
§ *k Kk
S e
Sh-NC B
o
2
g 02
o
o,
Sh-ARPCIB .E ol
0.0
EDU Merge EDU AT sKovs
E Control Sh-NC Sh-ARPCIB
b ] ~_~
= =
] 2
3|« Q@ 3 @@ S = control
N : - z = sh-NC
< o o g = sh-ARPCIB
3
R A T &
Annexin V-FITC-A 2
S 2
= g
- < A2780 SKOV3
>
@]
M
w2
0 To o
Annexin V-FITC-A A2750 SKOV3
F A2780 SKOV3 mm control
I — h-NC
\® o\ = s .
s> C $C <O C \4 = sh-ARPCIB
o™ g“,\* s\\P& o s\\'\\\* g‘\PS‘

PCNA [ s & |

BAX' - om“J | ~|
BCL-2|- e — | |—- — |

Tubulin [ . | (SR S a— |

Relative protein level/lGAPDH

0.0
PCNA BAX BCL-2 PCNA BAX BCL-2

Figure 7: ARPC1B promotes OV cell proliferation and migration and inhibits apoptosis. (A) The expression distribution of mRNA in different cell lines. (B) Expression
of ARPC1B in different cell lines was analyzed through WB. (C) The transfection efficiency of sh-ARPC1B in A2780 and SKOV3 cells was evaluated. (D) The
effect of ¢ on cancer cell proliferation was assessed using the EdU assay. (E) The apoptosis assay showed that apoptesis of OV cells increased significantly
after ARPC1B knockdown. (F) The impact of ARPC1B on cell proliferation and apoptosis biomarkers. scale bar: 200 ym. Significance markers: ns, P = 0.05;
‘P < 0.05; P < 0.01; ""P < 0.001. ARPC1B: Actin-related protein 2/3 complex subunit 1B; OV: ovarian cancer; WB: Western blot.

of ARPC1B-shRNA was confirmed through Western blot ~ cells (Figure 7D). To further study the regulatory role
analysis (Figure 7C). of the ARPC1B gene in OV cells, we analyzed apoptotic

cells using flow cytometry. Our apoptosis experiment
Following this, we measured cell viability using EdU  results showed that knocking down ARPC1B expression
experiments. Our research results indicated that inhibiting  significantly increased the apoptosis rate of A2780 and
ARPCI1B significantly reduced the proliferation of OV SKOV3 cells (Figure 7E). Furthermore, through the
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examination of BCL2, BAX, and PCNA, it was observed
that sh-ARPC1B significantly increased cell apoptosis and
inhibited cell proliferation (Figure 7F).

Moreover, wound healing experiments provided further
evidence, demonstrating that the reduction of ARPC1B
decreased the migration ability of A2780 and SKOV3
cells (Figure 8A). Additionally, transwell experiments
demonstrated that after ARPC1B knockdown, the
migration and invasion abilities of A2780 and SKOV3
cells significantly decreased (Figure 8B). Furthermore,
through the aforementioned GSEA analysis, we observed
the enrichment of ARPC1B in the PI3K/AKT pathway.
We found that silencing ARPC1B significantly reduced
the protein levels of p-AKT, p-PI3K, and p-mTOR
(Figure 8C). These results indicate that ARPC1B
positively regulates the PI3K/AKT/mTOR pathway in
OV cells.

DISCUSSION

The Arp2/3 complex, as a key player in actin
nucleation, has been extensively studied in the context
of cancer.®* However, the role of ARPC1B, one of
its crucial constituent subunits, in tumorigenesis remains
pootly understood. Currently, most research on ARPC1B
has primarily focused on blood-related and immune-related
disorders.[***! Nevertheless, recent studies have begun
to shed light on its potential involvement in cancer. For
instance, research has indicated that estrogen receptor Beta
can inhibit pseudopodia formation through the mTOR-
Arpclb/EVL signaling pathway, thereby preventing the
progression of signet ring cell gastric cancer in young
patients.””! Furthermore, Liu ¢ a/. found that ARPC1B
might play a role in UVM’s glucose metabolism and
immune response, making it a potential clinical prognostic
marker. In a randomized controlled trial conducted
by Zhou et al. in 2017, low-frequency non-synonymous
variants of the ARPCI1B gene were shown to potentially
increase the risk of breast cancer in Chinese women.*)
Notably, a study by Nicolas Molinie e /. suggested that
the branched actin structures generated by the Arp2/ 3
complex are necessary for the G1-S transition in the cell
cycle. When an adequate number of ARPC1B-containing
branches form in the cell cortex, it triggers the cell to
enter the S phase. Additionally, in breast cancer tissues,
the Arp2/3 complex containing ARPC1B exhibits higher
expression levels compared to normal tissues, suggesting
its pivotal role in breast cancer progression.™ Building on
this, previous studies have also established that ARPC1B
interacts with PAK1, a crucial player in tumor-related signal
transduction pathways.”*? Collectively, these research
findings underscore the significant, yet incompletely
elucidated, role of ARPC1B in cancer.

In this study, based on the analysis of data from 33 different
tumor and normal tissue samples obtained from the
TCGA and GTEx databases, we observed that ARPC1B
is highly expressed across various cancers, indicating its
potential as a tumor-promoting gene. Further investigation
into the characteristics of these tumors revealed that
ARPCI1B can serve as a marker for clinical staging and
prognosis in a wide range of cancer types. It represents
a risk factor in 19 different tumors, including OV, and
may emerge as a common target for clinical treatment
across multiple cancer types in the future. Additionally,
we noted that the alterations in the ARPC1B gene vary
among different tumors. For instance, in UVM, ARPC1B
primarily undergoes genomic mutations, while in ESCA,
DLBC, and other cancers, changes in gene copy number are
more prevalent. Furthermore, we observed a clear positive
correlation between methylation modifications of ARPC1B
and various tumors, suggesting that the epigenetics of this
gene may also hold promise as a potential target for future
cancer treatments.

The results of the gene function enrichment analysis
further underscore the role of ARPC1B in tumorigenesis
and cancer development. We observed a significant
association between ARPC1B and various signaling
pathways, with a particular emphasis on immune responses.
Immune responses play a pivotal role in numerous types of
cancer. In a healthy context, the immune system is tasked
with recognizing and eliminating tumor cells within the
TME. However, tumor cells often employ mechanisms
to evade immune surveillance and evade removal. Our
research revealed that ARPC1B gene expression has the
highest correlation with ImmuneScore within the TME,
highlighting its strong association with immune cell
infiltration in TME. Subsequent analysis of tumor immune
infiltration disclosed a noteworthy relationship between
ARPCI1B expression and various immune cell types across
different cancers, particularly in LGG and SARC. ARPC1B
expression exhibited significant correlations with Treg cells,
macrophages, neutrophils, and tumor-associated fibroblasts
in these TMEs.

Both Treg cells and T helper 17 cells (Th17 cells) originate
from the differentiation of CD4" T cells. Past research
has indicated that the TME influences the balance of
differentiation between these two cell types.””! Among
these, Treg cells are a type of classic immune cell that
can be involved in the initiation and progression of
tumors by influencing tumor immunity and facilitating
immune evasion.” In addition, we also observed that the
enrichment analysis results indicate a strong correlation
between the expression of ARPCIB in OV and the
activation of the PI3K-AKT-mTOR signaling pathway. This
finding aligns with the results reported by Salmond ez 4/,
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Figure 8: ARPC1B promotes OV cell migration and invasion. (A) The wound healing assay revealed that ARPC1B enhanced the migratory activity of OV cells.
(B) The Transwell assay demonstrated that ARPC1B enhanced the migration and invasion capabilities of OV cells. (C) Western blot analysis was performed to
assess the protein expression levels of PI3K, p-PI3K, AKT, p-AKT, mTOR, and p-mTOR in stable ARPC1B knockdown OV cells. GAPDH was used as a loading
control. scale bar: 200 um. Significance markers: ns, P = 0.05; ‘P < 0.05; “P < 0.01; *"P < 0.001. ARPC1B: Actin-related protein 2/3 complex subunit 1B;
0V: ovarian cancer.
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suggesting that ARPC1B might influence CD4" T cells by
modulating energy metabolism, thereby reshaping the TME
and contributing to tumorigenesis.’” On the other hand,
macrophages, another type of infiltrating cells, play a pivotal
role in orchestrating chronic inflammation and associated
pathologies.™ Previous studies have suggested that they
have contradictory two-way effects on the occurrence
and development of tumors.b™** Weiss e/ a/. pointed out
that tumor cells induce macrophages to produce itaconic
acid, which changes the PH environment of TME and
promotes tumor growth.”” In addition, macrophages can
secrete an immunosuppressive medium that blocks immune
checkpoints of T cells and NK cells (including PD-L1
and VISTA), which helps tumor cells escape the immune
system’s surveillance.™! This conclusion is consistent with
the conclusion that we observed in OV that ARPC1B is
highly positively correlated with the expression of multiple
immune checkpoint genes. Cancer-associated fibroblasts
(CAF) are currently considered to be the main source of
immunosuppressive activity in TME.” Our ARPC1B
gene enrichment study at the pan-cancer level found that
a variety of tumors were highly positively correlated with
the I1L6-JAK-STAT?3 signaling pathway. The pathway has
been shown to play a key role in the activation of tumot-
associated macrophage and Treg cell immunosuppressive
genes driven by CAE® ¢4

Next, we found in the gene correlation analysis at the pan-
cancer level that the expression of ARPC1B had positively
correlated with the expression of immunosuppressive
genes such as LGALSY, TGFBT, and CSEF7R in a variety
of tumors. In the analysis of the correlation with the
expression of MHC family genes, we found that ARPC1B
is positively correlated with the expression of HI.A-E
genes in almost all tumors (32 types), and the latest research
points out that HI.A4-E is a highly conservative MHC-1
molecule which played an important role in suppressing
immune clearance mediated by NK and CD8" T cells, which
may become a new target for immune checkpoint blocking
therapy.®*%! Similatly, we also found that the expression
level of ARPC1B is generally positively correlated with the
expression levels of chemokines CXCL76, CCL5, CCL3,
and chemokine receptors CCR7, and CCR5. CCL5 and
CCL3 can act on CCRS receptors in common, to play a
role in promoting blood vessels and lymphangiogenesis in
tumors,” and they can both play a role in recruiting Tregs
and macrophages in tumors,®*! and by affecting CAF
ot triggering cell signaling pathways such as PI3K /AKT
eventually lead to changes in TME and promote tumor
progression.” In addition, studies have pointed out
that CXCL16 and CCR1 can also bind to their response
ligands/receptors to exert similar tumor-promoting
effects.”*” However, it is worth noting that some studies
have pointed out the anti-cancer effects of chemokines,”*”

how to control the chemokine ligand receptors, and the
mode of action of immune infiltrating cells in tumors, is
a problem worth thinking about.

In addition, our research explored the relationship between
the ARPC1B gene and tumor drug resistance. It is worth
mentioning that in existing studies, some chemokines
were thought to cause tumor resistance, such as CCL3-
mediated multiple myeloma and acute lymphoblastic
leukemia.*" Similarly, CCL5 activates Akt/PKB—NF-«xB
or STAT3 pathways to increase apoptosis resistance and
drug resistance, ez."®) This evidence may provide new
ideas for solving tumor drug resistance, which is worthy
of further exploration.

Notably, in these bioinformatics-based analyses above
we have focused on exploring alterations in TME in
OV. Because of the nature of Bulk mRNA-Seq, it is
possible that this sequencing information also contains
transcriptomic information of TME cells, and therefore
we have also included in the discussion the exploration of
the impact of the AKT/PI3K/mTOR pathway on TME.
In further experimental validation, we found that ARPC1B
could promote the proliferation and invasion of OV cells
and inhibit their apoptosis through the AKT/PI3K/
mTOR pathway. AKT/PI3K/mTOR has been involved as
a therapeutic target in more and more studies nowadays in
the development of clinical treatments for tumors due to
its important role in cellular activity, and many drugs can
affect the course of OV by influencing the activation of
this pathway, such as glucocorticoids,*'! endosomal nano
curcumin and oxaliplatin,® but our study seems to be the
first to elucidate this endogenous mechanism of action of
ARPCI1B-AKT/PI3K/mTOR. In addition, combined with
what has been explored in the bioinformatics section, it is
reasonable to believe that ARPC1B ability to extensively
regulate the AKT/PI3K/mTOR pathway in tumor cells,
as well as in the TME, is an important rationale for it to
become a potent tumor therapeutic target in the future.

However, this study also has these limitations and
deficiencies. First, although bioinformatics analysis
provided us with information about the role of ARPC1B
in different tumors, # vivo, and in vitro experiments are
still needed to prove our findings. Similarly, our research
pointed out the relevance of this gene to some biological
processes, but the specific rules of action between them
need to be further explored. Secondly, the number of
samples contained in the databases used in this article
was limited, which may cause bias in the analysis results.
Finally, although our research pointed out that ARPC1B
was associated with the prognosis and clinical stages of
patients with pan-cancer, the existing analysis results are not
sufficient to prove whether the high correlation between
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ARPCI1B, TME, and tumor immunity is the cause of these
clinical features.

CONCLUSIONS

Overall, our research revealed the mechanism of the
ARPCI1B gene at the pan-cancer level and deeply analyzed
the cross-linking effect of this gene with TME and tumor
immune system in a variety of tumors including OV. At the
same time, it also can predict the prognosis, clinical staging,
and tumor drug resistance which indicates its potential
clinical significance. Here, we are hoping to broaden the
understanding of the role of the Arp2/3 complex in
tumors, which can provide new ideas for the treatment of
various tumors.
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