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Introduction

ABSTRACT

Introduction. Actin related protein 2/3 complex subunit 3 (ARPC3) is associated with a poor prognosis in patients
with various cancers. However, the mechanisms by which it affects immunotherapy and prognosis in patients with
hepatocellular carcinoma (HCC) remain unclear.

To explore the effect of ARPC3 onimmune checkpoint inhibitors (ICls), we investigated the association of ARPC3 with
immunotherapy-associated ferroptosis genes.

Material and methods. The expression difference in ARPC3 between normal and HCC tissues and the effect
of ARPC3 on prognosis were evaluated by using multiple databases. GSEA was used to predict the pathway by
which ARPC3 affects HCC progression. Using the TCGA database, the First Affiliated Hospital of Anhui Medical
University (AHMU) database, and the ICGC database, the correlation between ARPC3, tumor-infiltrating lympho-
cytes (TILs) and immune checkpoints was studied.

Results. The expression of ARPC3 in normal tissues was lower than that in tumor tissues, and as an independent
prognostic risk factor for HCC, patients with HCC whose ARPC3 expression was high had a worse prognosis. GSEA
suggested that the upregulation of ARPC3 mainly affected immune-related pathways. Three databases showed
that ARPC3 expression levels affected the infiltration levels of B cells, T cells, macrophages, neutrophils, and NK
cells in tumors. In addition, we confirmed that ARPC3 may influence the efficacy of ICl therapy by affecting the ex-
pression of immune checkpoints and ferroptosis-related genes in HCC.

Conclusions. ARPC3 is an independent prognostic risk factor for HCC patients and may influence HCC immu-
notherapy by affecting the expression of immune checkpoints and ferroptosis-related genes.
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HCC have benefited from the combined application
of immune checkpoint inhibitors (ICIs) and targeted

Primary liver cancer is one of the most common can-
cers, and 80-90% of cases are hepatocellular carcinoma
(HCC)[1]. According to global cancer statistics, liver can-
cer had the sixth highest incidence and the second highest
mortality in 2020, with 50% of cases deriving from China
[2]. Currently, the dominant therapy for HCC patients is
still liver resection, but the surgical resection rate of HCC
is still low [3, 4]. With the development and application
of neoadjuvant therapy in recent years, the resection rate
of liver cancer has improved, and the recurrence rate has
been reduced. Therefore, many patients with advanced

drugs in clinical treatment, but the objective response
rate (ORR) is still low for HCC patients receiving im-
munotherapy and targeted therapy, and drug resistance
is increasing, which remains a challenge in the treatment
of this disease [5]. The tumor microenvironment (TME)
mainly comprises tumor cells, immune cells, stromal
cells, and other components [6]. Immunotherapy is not
affected by mutation and drug resistance, which signifi-
cantly reduces the metastatic ability of tumor cells [6].
Based on accumulating evidence, tumor-infiltrating lym-
phocytes (TILs) impact the outcome and effectiveness of
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immunotherapy in patients with malignant tumors [7-9].
For example, TIL expression is positively correlated with
better prognosis and higher ORR to IClIs in patients with
gastric cancer, HCC, breast carcinoma, nasopharyn-
geal cancer, non-small cell lung cancer, etc. [10-14].
Therefore, the identification of new immune-related
biomarkers, potential drug targets, and genes associated
with TILs is important.

The actin cytoskeleton is involved in a wide variety
of cellular functions that affect the activity, migration,
and invasion of tumor cells [15, 16]. The actin-related
2/3 protein (ARP2/3) consists of 2 actin-related
proteins (ARP2 and ARP3) and 5 protein subunits
(ARPCI to ARPCS). At present, the biological func-
tions of ARP2/3 have been extensively studied [17-19].
For instance, ARPC3 knockdown significantly inhibits
the migration of the colon cancer cell line HT29 [20, 21],
suggesting that ARPC3 may be a key factor regulating
tumor cell migration and invasion. The function of
ARPC3 in HCC is still obscure, especially in immunology.

The research design of this study is shown in the flow-
chart (Fig. 1).

Material and methods
First Affiliated Hospital of Anhui Medical University
hepatocellular carcinoma sample collection

and follow-up

In this study, 60 HCC patients who underwent
surgical resection at First Affiliated Hospital of Anhui

Medical University (AHMU) in 2017 were randomly se-
lected. Tumor diameter, tumor number, hepatitis B virus
surface antigen (HBsAg), and alpha-fetoprotein (AFP)
levels were included in univariate and multivariate stud-
ies. The research was performed in accordance with
the 1964 Declaration of Helsinki. In addition, the study
was approved by the AHMU Ethics Committee.

RNA extraction and measurement of gene
expression

RNA was extracted from all HCC and paracancer-
ous tissue samples using TRIzol (AG21101, Accurate
Biotechnology, China). According to the manufacturer’s
instructions, RNA was reverse transcribed to cDNA
(AG11706, Accurate Biotechnology, China). Using
cDNA templates, gene expression levels in HCC were
explored using qRT-PCR with primers specific for
ARPC3, GAPDH, PD-1, PD-L1, PD-L2, CTLA4, IDOI,
and TNFRSFI14. The 222 method and GAPDH as
an internal control were used to calculate the relative
expression level. The cutoff value [(sensitivity + specific-
ity) —1] was calculated by drawing a receiver operating
characteristic (ROC) curve, and ARPC3 was divided into
high- and low-expression groups. The primer sequences
used in our research are listed in Table 1.

Public dataset download and validation

The Cancer Genome Atlas (TCGA) (https://tcga-data.
nci.nih.gov/docs/publications/tcga/) and the International
Cancer Genome Consortium (ICGC; https://dcc.icgc.org/)

5
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Figure 1. Flowchart of the study; AHMU — First Affiliated Hospital of Anhui Medical University; ICGC — International Cancer
Genome Consortium; TCGA — The Cancer Genome Atlas
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Table 1. Primer sequences of quantitative real-time
polymerase chain reaction (qRT-PCR)

Genes Primer sequences (5'-3")
ARPC3 F GCAATTCCAAAAGCCAAGGTG

R AGGCTCTCATCACTTCATCTTCC
PD-L1 F TGGCATTTGCTGAACGCATTT

R TGCAGCCAGGTCTAATTGTTTT
PD-1 F CCAGCCCCTGAAGGAGGA

R GCCCATTCCGCTAGGAAAGA
PD-L2 F ACCCTGGAATGCAACTTTGAC

R AAGTGGCTCTTTCACGGTGTG
CTLA4 F GCCCTGCACTCTCCTGTTTTT

R GGTTGCCGCACAGACTTCA
TNFRSF14  F ACCGAGAGTCAGGACACCC

R AGCAAACAATGACGATGACGA
IDO1 F GCCAGCTTCGAGAAAGAGTTG

R ATCCCAGAACTAGACGTGCAA
GAPDH F AGAAGGCTGGGGCTCATTTG

R AGGGGCCATCCACAGTCTC

ARPC3 — actin related protein 2/3 complex subunit 3; CTLA4 — cytotoxic T
lymphocyte-associated antigen-4; IDOT — indoleamine 2,3-dioxygenase 1;
PD-1 — programmed death 1; PD-L1 — programmed death ligand 1;
PD-L2 — programmed death ligand 2; TNFRSF14 — tumor necrosis factor
receptor superfamily, member 14

are two widely recognized databases. Hepatocellular car-
cinoma patient sequencing data and related clinical data
were downloaded. Patients with fewer than 30 days of sur-
vival and patients without clinicopathological parameters
from TCGA data were excluded; thus, 343 patients were
included in the analysis. ICGC data included 240 tumor
samples and 202 normal tissue samples. The TCGA,
ICGC, and HPA databases (https://www.proteinatlas.
org/) were applied to validate the RNA and protein levels.

Survival analysis

GraphPad Prism 6 software (PRISm-6.33.5-R2, US)
was used to analyze the survival results of different
ARPC3 expression groups with the Kaplan-Meier (K-M)
method, and a log-rank test was performed. Clinico-
pathological parameters, such as age, sex, tumor di-
ameter, tumor number, tumor envelope, tumor node
metastasis classification (TNM) stage, and Barcelona
Clinic Liver Cancer (BCLC) stage, were analyzed using
a Cox regression model, and p < 0.05 was considered
statistically significant.

Immunofluorescence staining

Sixty formalin-fixed paraffin-embedded (FFPE)
HCC tissue samples from patients who underwent

hepatobiliary surgery at AHMU were collected. Immuno-
fluorescence staining (IF) was performed to label
CD20+ B and CD3+ T cells. At 400X magnification,
images of at least 3 fields were obtained for each sample.
Image-Pro software (Image-Pro Plus 7.0, US) was used
for counting, and the average cell count of the three
regions was calculated [22].

Enrichment analysis

Gene Set Enrichment Analysis (GSEA) (https://
www.gsea-msigdb.org/gsea/) is the most commonly used
tool to predict molecular pathways. All TCGA tumor
samples were divided into high and low ARPC3 ex-
pression groups for Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrich-
ment analyses to explore the different molecular action
principles. The corresponding genes affecting specific
molecular pathways were downloaded from GSEA,
and P< 0.05 was used as the criterion for statistical
significance of the results.

Analysis of immune cell infiltration

Tumor-infiltrating lymphocytes are the ultimate ther-
apeutic target of ICIs; therefore, we used the TIMER
(https://cistrome.shinyapps.io/timer/), AHMU data,
and ICGC databases to analyze the relationship be-
tween ARPC3 expression and TILs. Next, the number
of TILs in each patient was assessed using the XCELL,
CIBERSORT, and MCP-counter algorithms to detect
the relationship between ARPC3 and TILs.

Ferroptosis-related gene analysis

Ferroptosis in HCC immunotherapy is gradually
emerging. To further study the role of ARPC3 in im-
munotherapy, we downloaded 76 ferroptosis-related
genes from FerrDb (http://www.zhounan.org/ferrdb/in-
dex.html) and 832 genes associated with ARPC3 from
UALCAN (http://ualcan.path.uab.edu/index.html)
(Cor > 0.5). Then, Spearman analysis was performed
to calculate the correlation between ARPC3 and ferrop-
tosis-related genes.

Statistical analysis

An unpaired t-test was performed for the expression
differences of ARPC3 using GraphPad Prism 6 software.
Survival differences were expressed by the K-M curve
and determined by the log-rank test. Spearman correla-
tion analysis was used for correlation analysis. Related R
packages included “pheatmap”, “timeROC”, “ggplot2”,
and “GSEABase”. P < 0.05 was considered statisti-
cally significant.
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Figure 2. A. ARPC3 expression levels in various cancer tissues determined using the TIMER analysis (notes: p < 0.0001 =

*kkk
’

p <0.001 =*** p < 0.01 =**, and p < 0.05 = *). The differential expression of ARPC3 in tumor and adjacent normal tissues from
the following sources was mapped using GraphPad Prism 6 software: (B) The Cancer Genome Atlas (TCGA) data, (C) International
Cancer Genome Consortium (ICGC) data, and (D) First Affiliated Hospital of Anhui Medical University (AHMU) data. Representative
images of immunohistochemical staining for ARPC3 in hepatocellular carcinoma (HCC) tissues and normal liver tissues from

the Human protein atlas: (E) normal tissues, (F) tumor tissues

Results
Analysis of differences in ARPC3 expression

ARPC3 mRNA levels differ in various cancers (e.g.,
HCC) (Fig. 2A). Therefore, ARPC3 may play a crucial
role in a variety of tumors. Because HCC patients are
less sensitive to ICIs and targeted drugs, ARPC3 has
a high correlation with immune lymphocytes in HCC.
Here, we focused on evaluating the mechanism of

ARPC3 in HCC. According to the TCGA and ICGC
datasets, ARPC3 mRNA was expressed at higher levels
in HCC tissues than in normal tissues (p < 0.0001)
(Fig. 2B, C). Subsequently, the same result was ob-
tained through validation with the AHMU HCC dataset
(p < 0.0001) (Fig. 2D). The immunohistochemistry re-
sults in the HPA database demonstrated that the expres-
sion of the ARPC3 protein in HCC was also significantly
upregulated (Fig. 2E, F). Thus, ARPC3 was expressed
at higher levels in HCC tissues than in normal tissues.
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Figure 3. Kaplan-Meier (K-M) curves plotted using GraphPad Prism 6 software show overall survival (OS), and high expression
of ARPC3 was associated with a poor prognosis for patients in (A) The Cancer Genome Atlas (TCGA) data, (B) International
Cancer Genome Consortium (ICGC) data, and (C) First Affiliated Hospital of Anhui Medical University (AHMU) data. Receiver
Operating Characteristic (ROC) curves for patients with hepatocellular carcinoma (HCC) 1 year after surgery were drawn using
the R package “timeROC": (D) TCGA, (E) ICGC, and (F) AHMU datasets; AUC — area under the curve

High ARPC3 expression predicts shorter survival
for hepatocellular carcinoma patients

First, TCGA and ICGC data were used to suggest
that HCC patients with high expression of ARPC3 had
worse prognosis than those with low expression of
ARPC3 (Fig. 3A, B). Data from AHMU were used to
verify the above results (Fig. 3C). In addition, the areas
under the ROC curve (AUCs) 1 year after surgery were
0.654, 0.610, and 0.812, suggesting that ARPC3 was
a strong predictor of overall survival (OS) (Fig. 3D-F).
Univariate and multivariate Cox regression analyses
were used to determine the relationship between
risk factors in the AHMU dataset and the prognosis
for HCC patients. Univariate and multivariate Cox
regression analyses showed that ARPC3 (p = 0.024),
AFP level (p = 0.028), tumor diameter (p = 0.001),
and tumor capsule (p = 0.002) were significantly cor-
related with OS while tumor diameter [hazard ratio
(HR) = 5.453; 95% confidence interval (CI) 2.033-
—-14.625; p = 0.001], tumor capsule (HR = 5.197;95%
CI 1.877-14.386; p = 0.002), and ARPC3 (HR = 4.427;
95% CI 1.012—19.371; p = 0.048) were independent
risk factors for HCC (Tab. 2). The clinicopathological
features of HCC patients are shown in Table 3. The sur-
vival distribution of HCC patients plotted using TCGA

data showed that with the increase in ARPC3 expres-
sion, the number of HCC patients who died gradually
increased (Fig. 4A, B).

Enrichment analysis

Evaluation of the potential molecular mechanisms
of ARPC3 may help provide new clinical treatments. We
used the TCGA dataset to perform GO and KEGG
analyses to explore the relevant mechanism by which
ARPC3 regulates HCC. We selected the top 10 path-
ways associated with ARPC3 and the p < 0.05 pathway.
The results showed that upregulated expression of
ARPC3 mainly affected the immune-related pathways
of HCC, which suggests that ARPC3 may affect the prog-
nosis for HCC patients by regulating their immune
response (Fig. 4C).

Relationship between tumor-infiltrating
lymphocytes and ARPC3

Tumor-infiltrating lymphocytes are the ultimate
therapeutic target of ICIs; thus, the identification of
a molecule associated with immune cells is urgently
needed. TCGA data (Fig. 5A, B) and ICGC data (Fig. 6)
showed that ARPC3 was positively correlated with
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Table 2. Univariate and multivariate cox regression analyses of risk factors associated with overall survival of hepatocellular
carcinoma (HCC) patients in First Affiliated Hospital of Anhui Medical University (AHMU)

Variables Univariate analysis Multivariate analysis
HR (95% ClI) p value HR (95% Cl) p value

Sex (male vs. female) 0.688 (0.228-2.075) 0.507

Age (> 60 vs. <60) 0.618 (0.223-1.717) 0.356

HBsAg (positive vs. negative) 26.303 (0.126-5505.541) 0.230

TBil [umol/L] (> 14.3 vs.< 14.3) 1.424 (0.541-3.749) 0.474

AFP [ng/mL] (> 7.79 vs. <7.79) 9.506 (1.268-71.275) 0.028

CA199 [U/mL] (> 37 vs. <37) 1.174 (0.423-3.260) 0.758

Liver cirrhosis 1.224 (0.482-3.110) 0.671

Number of tumors (multiple vs. single) 0.800 (0.185-3.463) 0.765

Tumor diameter [cm] (> 7.71 vs. <7.71) 4.413 (1.765-11.031) 0.001 5.453 (2.033-14.625) 0.001
Tumor capsular (no vs. yes) 4.478 (1.751-11.453) 0.002 5.197 (1.877-14.386) 0.002
Cell differentiation (poor/moderate vs. well) 1.019 (0.550-1.888) 0.952

MVI (yes vs. no) 1.788 (0.679-4.706) 0.239

BCLC(B + Cvs. 0 + A) 1.620 (0.616-4.264) 0.328

TNM (Il + IV vs. | + 11) 0.373 (0.050-2.798) 0.338

ARPC3 (> 4.87 vs. <4.87) 5.387 (1.243-23.343) 0.024 4.427 (1.012-19.371) 0.048

AFP — alpha-fetoprotein; BCLC — Barcelona Clinic Liver Cancer; Cl — confidence interval; HBsAg — hepatitis B virus surface antigen; HR — hazard ratio; MVI
— microvascular invasion; TNM — tumor node metastasis classification

Table 3. Clinicopathological characteristics of 60 hepatocellular carcinoma (HCC) patients in First Affiliated Hospital of
Anhui Medical University (AHMU)

Characteristics n [%] Characteristics n [%]
Sex Tumor diameter [cm]
Male 50 83.3 >7.71 17 28.3
Female 10 16.7 <7.71 43 71.7
Age Tumor capsule
> 60 20 333 Yes 50 83.3
<60 40 66.7 No 10 16.7
HBsAg Cell differentiation
Positive 52 86.7 Poor/moderate 51 85.0
Negative 8 13.3 Well 9 15.0
TBil [umol/L] Microvascular invasion
> 14.3 36 60.0 Yes 35 58.3
<143 24 40.0 No 25 41.7
AFP [ng/mL] BCLC
>7.79 42 70.0 0 2 3.3
<7.79 18 30.0 A 23 38.4
Liver cirrhosis B 2 3.3
Yes 36 60.0 C 33 55.0
No 24 40.0 TNM
Tumor number | 27 45.0
Single 53 88.3 Il 27 45.0
Multiple 7 11.7 I 2 3.3
v 4 6.7

AFP — alpha-fetoprotein; BCLC — Barcelona Clinic Liver Cancer; HBsAg — Hepatitis B virus surface antigen; TNM — tumor node metastasis classification
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Figure 4. In The Cancer Genome Atlas (TCGA) data, the R package “ggrisk” was used to analyze the effect of the ARPC3 expression
level on the survival time and survival state of patients in TCGA; A. Scatter plot showing the ARPC3 expression level from low to
high; B. Scatter plot showing the distribution of survival time and survival state corresponding to the ARPC3 expression level;
C. According to the differences between ARPC3 high expression group and low expression group, the representative hallmark

term Gene Set Enrichment Analysis (GSEA) plot was drawn

the intratumor infiltration of B cells, T cells, CD4+
Th1 cells, CD4+ Th2 cells, M1 macrophages, myeloid
dendritic cells, and neutrophils while it was negatively
correlated with the intratumor infiltration of M2 mac-
rophages and NK cells. The percentages of CD20+
B cells and CD3+ T cells among TILs were selectively
verified by IF of AHMU FFPE sections (Fig. 7A, B),
and the results also demonstrated that ARPC3 has
positive correlations with CD20+ B and CD3+ T cells
(Fig. 7C, D).

Immunotherapy

In recent years, the use of ICIs in clinical treatment
of tumors has greatly improved the tumor resection
rate and tumor-free survival of patients. However, they
have not produced ideal improvements in the ORR
or progression-free survival (PFS). Therefore, us-
ing the “Pheatmap” R package, we calculated that
ARPC3 was positively correlated with immune check-
point genes such as PD-1, PD-L1, PD-L2, CTLA4, IDOI,
and TNFRSF14 (Fig. 8A). Six genes were selected for
gRT-PCR validation based on AHMU data, and they
were positively correlated with ARPC3 (Fig. 8B-G).
These results suggest that the expression of ARPC3 may
upregulate the expression of immune checkpoints on
lymphocytes and inhibit the immune function of lym-
phocytes.

Ferroptosis-related gene analysis

Ferroptosis is a new mode of programmed cell
death that depends on iron and differs from apop-
tosis, necrosis, and autophagy [23], but its clinical

significance and potential mechanism are still unclear.
We found that MAPK3 and ATG7 were ferropto-
sis-related genes that were positively correlated with
ARPC3 (Fig. 9A). Subsequently, the correlations be-
tween MAPK3 and ATG7 with ARPC3 were verified by
TCGA data (Fig. 9B, C). Therefore, ARPC3 may influ-
ence the immunotherapy response of HCC patients by
influencing the expression of ferroptosis-related genes.

Discussion

The composition of TILs in the TME can reveal
the mechanism of immune escape by tumor cells [24].
Moreover, the compositional nonstationary nature of
the TME provides environmental support for tumor
growth at different stages [25]. The GSEA results sug-
gested that elevated expression of ARPC3 could sig-
nificantly affect immune-related pathways. Therefore,
the potential role of ARPC3 in immunotherapy was
explored by investigating the relationship between
ARPC3 and TILs. Our results showed that the expres-
sion level of ARPC3 was positively correlated with
B cells, T cells, CD4+ Thl cells, CD4+ Th2 cells,
M1 macrophages, myeloid dendritic cells, and neutro-
phils and negatively correlated with M2 macrophages
and NK cells. Based on these findings, ARPC3 may
alter the ratio of TILs in the TME and affect the ORR
of HCC patients to ICIs. The potential explanation is
that the bidirectional communication between tumors
and TILs promotes tumor progression and metastasis
(for instance, abnormal B-cell proliferation results in
autoantibody production and increased expression of
surface immunosuppressive ligands or cytokines, which




ONCOLOGY IN CLINICAL PRACTICE

o
= LS
g —
)
= N
= Y
2 =)
[
[a] o
!
=}
un
Y
o
= o
£ F
o o @
5 n o
> et =
9] . zkE
= = 55
o 08
L — 40«
o S & w
SoyY
o %'xEu
o neoeoo
Ne]
° =}
o
©
< K
> <}
S <
© .
= | = o
<}
lo =
<. NG
L S S T
e £
8
Ne] v
= =} c
8 kel
= | N _g E
f S :
[a) o
O | — O
=}
N
l o 9
L E0)
_ o
] LSt
= <
<
35 IS}
[a)
O
L <
S
L6
= o
[
- ~ [ 1192 sunwiw|
K=}
L=
<}
o
F <2
-
wn
N
=}
P
2 o
S L
& =}
N
L
=}
(=)} [ee] ~
< (Wd1 o)) [9A3] uoissaidxa £DdyY
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(DAPI) nuclear staining (blue) in First Affiliated Hospital of Anhui Medical University (AHMU) data-hepatocellular carcinoma (HCC);
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Figure 8. A. The R package “Pheatmap” was used to draw a heatmap of the association of ARPC3 expression with immune

checkpoints; B-G. Scatter plot showing the correlation between immune checkpoints and ARPC3 verified by r quantitative real-

time polymerase chain reaction (qRT-PCR) based on AHMU data
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Figure 9. A. Venn diagram showing ARPC3-related genes
and ferroptosis-related genes; B, C. Scatter plots showing
the correlations between ARPC3 with MAPK3 and ATG7

promote the immune escape of tumor cells) [26]. Tumor-
associated macrophages (TAMs) are considered a key
factor in the TME and tumor invasiveness [25]. The
role of macrophages in promoting cancer is related to
the polarization of M2 macrophages while interferon-y
and other factors stimulate the activation of M1 polar-
ized macrophages that produce proinflammatory and im-
mune-stimulating factors (e.g., IL-12 or TNF-a) [27].
M1 macrophages activate STAT3 by secreting IL-35

and promote the epithelial-mesenchymal transition
(EMT) of HCCcells [28]. Exosomes secreted by HCC cells
stimulate the polarization of M2 macrophages and pro-
mote the migration, invasion, and EMT of HCC [29].
Increased numbers of myeloid-derived suppressor cells
in the TME promote the growth of tumor cells by in-
creasing tumor angiogenesis and the number of Tregs
as well as enhancing the Th2 response [30]. Based on
accumulating evidence, inflammation is necessary for
the initiation and progression of HCC, and HCC cells
release chemokine C-X-C motif chemokine ligand
(CXCL)-2, CXCLS8, and CCL25 to increase the neutro-
phil ratio in the TME, forming an immunosuppressive
microenvironment and leading to immune escape of
tumor cells [31, 32]. Reduction in the number of NK
cells and NK-cell dysfunction are observed in tumor
tissues, and the density of NK cells is positively cor-
related with a better prognosis for patients with liver
cancer [33]. This finding may be related to the strong
antitumor activity of NK cells, which directly lyse cells
and/or produce cytokines [34]. Therefore, NK-cell-based
immunotherapy may improve the inhibition of tumor
growth by NK cells and be conducive to the treatment
of HCC [35]. In conclusion, ARPC3 may affect the ef-
ficacy of immunotherapy in HCC patients by influencing
the composition of the TME.

Inrecent years, ICIs (e.g., pembrolizumab) and mul-
titarget drugs (e.g., sorafenib) have become important
neoadjuvant therapies for tumors, but the ORR to an-
ti-PD-L1/PD-1 therapy of HCC patients is relatively low.
The response rate of patients to ICIs can be improved
by regulating PD-LI-related signaling pathways [36].
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The results of our study indicate that several immune
checkpoint genes, including PD-1 and PD-L1, were posi-
tively correlated with ARPC3. PD-L1 and CTLA-4 are
highly expressed in dendritic cells (DCs) and B cells in
HCC and downregulate the T-cell-mediated immune
response through immunosuppression [37]. Therefore,
patients with high ARPC3 expression may be in an
immunosuppressive state that is insensitive to ICIs
and targeted drugs.

Ferroptosis is a potential cell death pathway
and target for HCC treatment. As shown in our study,
MAPK3 and ATG?7 are ferroptosis-related genes that
are positively correlated with ARPC3. Sorafenib, a pro-
moter of ferroptosis, causes the accumulation of reac-
tive oxygen species by inhibiting system XC-, leading to
the depletion of intracellular glutathione, ferroptosis,
and an increased response rate of patients to sorafenib
[23, 38, 39]. Sorafenib alters the methylation level of
MAPK3, a gene related to tumor growth and metasta-
sis in HCC, and inhibits tumor growth and metastasis
[40,41]. ATG?7 is an autophagy-related protein, and its
knockdown inhibits ferritin degradation, lipid peroxi-
dation, and ferroptosis, which can improve the ORR
of patients to ICIs and reduce the drug resistance rate
[42, 43]. Therefore, ICIs or targeted drugs combined
with ferroptosis therapy may be beneficial to prolong
survival of HCC patients with high expression of
ARPC3 in the immunosuppressed state.

Conclusions

Our study found that ARPC3 is an independent
risk factor for HCC, and the higher the expression of
ARPC3, the worse the prognosis for HCC patients. In
addition, ARPC3 may affect the balance of the tumor
microenvironment by regulating the TIL ratio, resulting
in failure of immunotherapy in HCC patients.
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