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Purpose: Hepatocellular carcinoma (HCC) has high morbidity and poor prognosis due to
the propensity of recurrence and metastasis. Emerging studies have confirmed that proline-
rich coiled-coil2A (PRRC2A) plays a crucial role in tumorigenesis and immunoregulation.
However, its expression status and biological functions in HCC remain poorly documented.
Methods: The presence and prognostic value of PRRC2A were determined by a tissue
microarray (TMA) cohort and multiple databases, mainly from The Cancer Genome Atlas
(TCGA), Gene Expression Omnibus (GEO), Clinical Proteomic Tumor Analysis Consortium
(CPTAC). Functional enrichment analysis was applied to identify the mechanisms of
PRRC2A in HCC. The biological function of PRRC2A in HCC progression in vitro was
determined by CCK-8, colony formation, EdU, transwell migration and invasion assays.
Moreover, the Estimation of STromal and Immune cells in Malignant Tumor tissues using
Expression data (ESTIMATE), single-sample gene set enrichment analysis (ssGSEA), tumor
immune dysfunction and exclusion (TIDE) algorithms, immunophenoscore (IPS) and public
available immunotherapy cohorts were performed to classify their associations with tumor-
infiltrating immune cells and immunotherapy.

Results: PRRC2A was upregulated in HCC at both mRNA and protein levels. High PRRC2A
expression was correlated with poor prognosis and could be an independent risk factor.
Functional enrichment analysis demonstrated that elevated PRRC2A was significantly corre-
lated with the activation of various oncogenic pathways. Additionally, in vitro experiments
confirmed that silencing PRRC2A could suppress the proliferation and metastasis capacities of
HCC cells. More importantly, PRRC2A was negatively associated with many anti-tumor
immune cells, but positively related to the expression of markers of exhaustive T cells. And
HCC patients with high PRRC2A were more likely to be nonresponsive to immunotherapy.
Conclusion: This study explored the predictive value and biological roles of PRRC2A in
HCC progression and indicated that it might be a potential biomarker for HCC patients and
a predictor for immunotherapy.
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Introduction

Hepatocellular carcinoma (HCC) comprises up to 90% of all primary hepatic
malignancies.' It is ranked as the third cause of cancer-related death in the world.”
Although recent advances in surgical resection and medical treatments, the overall
survival rate remains poor due to metastasis and recurrence after surgery or other
treatments.® Hence, it is urgent to study the pathophysiological mechanisms contribut-
ing to HCC, which could lead the way for the development of biomarkers and treatment
strategies.
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PRRC2A (Proline-rich coiled-coil2A), also named
BAT2, is one of the genes localized near those coding
for TNF alpha and TNF beta and within the human
major histocompatibility complex (MHC) class III
region.* PRRC2A has been defined as the increased risk
of developing rheumatoid arthritis (RA), an auto-immune
disease.” In addition, a single nucleotide polymorphism of
PRRC2A was associated with ER-positive breast cancer,’
lung cancer,” and non-Hodgkin lymphoma.® However, its
expression profiles and molecular functions in HCC have
not yet been elucidated.

In our study, the expression and functions of PRRC2A
in HCC through bioinformatics data mining, clinical tis-
sues, and in vitro experiments have been investigated.
Results suggested that higher PRRC2A expression corre-
lated to worse prognosis, higher proliferation and metas-
tasis capacities of HCC cells and less responsive
possibilities to immunotherapy. Thus, PRRC2A could be
a potential biomarker for HCC and might be a promising
therapeutic target for HCC patients by ameliorating tumor
immunosuppression.

Materials and Methods

HCC Databases Acquire and Processing

Gene expression profile (HTSeq-Counts, 371 HCC tissues
and 50 normal specimens) was retrieved from The Cancer
Genome Atlas (TCGA) database (https://portal.gdc.cancer.
gov/) and subsequently quantified using R software via the
transcript per million (TPM) method. Log2 (TPM+1) was
used for further analysis. The detailed clinicopathologic

information was obtained using the c-BioPortal website
(http://cbioportal.org),” an open-access database for the

interactive investigation of multidimensional cancer geno-
mics datasets. For the TCGA-LIHC cohort, a total of 365
patients with the corresponding clinical characteristics were
enrolled in our study. Exclusion criteria were as follows: (i)
“0” gene expression value for PRRC2A and (ii) insufficient
overall survival information. Five HCC RNA sequencing
datasets (all from the same platform: GPL570) were
acquired from Gene Expression Omnibus (GEO) database
(http://www.ncbi.nlm.nih.gov/geo/), as shown in Table Sl1.

Moreover, one dataset about liver cancer received anti-PD1
treatment on mouse (GSE120714) was also downloaded
from GEO database and pan-cancer expression data of
PRRC2A was obtained from the
Estimation Resource (TIMER) 2.0 website (https://cis

Tumor IMmune

trome.shinyapps.io/timer/).'°

Patients and Specimens

The HCC tissue microarray (TMA) cohort (80 paired HCC
tissues and adjacent liver tissues) was constructed. All
specimens used in the study were gathered from patients
who underwent surgical resection at the First Affiliated
Hospital of Zhengzhou University, China. The patients
neither had any history of other malignancies nor received
any treatment when enrolled in this study. The protocol
was approved by the Institutional Review Board of the
First Affiliated Hospital of Zhengzhou University.

Immunohistochemistry (IHC)

IHC staining was performed as described.'' In brief,
TMA section was deparaffinized and rehydrated. Then
the antigen was retrieved in citrate buffer pH 6 and 1%
bovine serum albumin (BSA, Solarbio, Beijing, China)
was applied to prevent nonspecific binding.
Subsequently, the section was treated with rabbit poly-
clonal antibody anti-PRRC2A (1:100 dilution; Abcam,
UK) overnight at 4°C. The

(Proteintech Group, China) was added for incubation at

secondary antibody
room temperature, and then diaminobenzidine (DAB)
solution (Dako Denmark) was applied for staining.
Nuclear staining was performed using Harris hematoxy-
lin. The final score for PRRC2A staining was evaluated
based on the intensity and the proportion of positively
stained cells from 1+ to 4+. The scores from 1+ to 2+
were defined as low PRRC2A expression group, whereas
a score of 3+ to 4+ was defined as high PRRC2A expres-
sion group.

Cell Culture, Transfection, and Selection

Cells were received from the Cell Bank of the Chinese
Academy of Science (Shanghai, China) and cultured in
Dulbecco’s modified Eagle’s medium (DMEM) medium
containing 10% (vol/vol) fetal bovine serum (FBS,
Gibco, Grand Island, USA), 100 U/mL Penicillin/
Streptomycin (Corning, USA) in a 5% CO, humidified
incubator at 37 °C. PRRC2A silencing was achieved by
using a specific lentiviral vector containing a short hair-
pin RNA (shRNA) targeting PRRC2A (Hanbio Tech,
Shanghai, China). Transfection was done as previously
described.!" Selection for PRRC2A sh-RNA (sh-
PRRC2A) or negative control (sh-NC) transfected cells
were processed using puromycin at a concentration of
2ug/mL. The specific sequences were exhibited as fol-

lows: sh-NC: 5-TTCTCCGAACGTGTCACGTAA-3';
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PRRC2A-shl: 5-CCCAACACCAGAGACAGAACCTG
AA-3'; PRRC2A-sh2: 5'-GGGAATTCCGCAGTTACC
GAGAGTT-3"; PRRC2A-sh3: 5'-GAGACTGCATCAGA
GAGCAGTGACT-3".

Quantitative Real-Time PCR (qRT-PCR)

Cells were treated as previously indicated and processed as
described previously.'' The related expression of PRRC2A
was evaluated using 2 **“' method. The primers were as
follows: PRRC2A-Forward: 5'-TGGCAGCAGCAGTG
GAGGAG-3'; PRRC2A-Reverse: 5-TGGAGGACGA
CTTCGGTTCTTGG-3"; GAPDH-Forward: 5-AGCCA
CATCGCTCAGACAC-3'; GAPDH-Reverse: 5'-GCCCA

ATACGACCAAATCC-3'.

Immunofluorescence (IF)

Cells seeded in 24-well plates were fixed with 4% paraf-
ormaldehyde for 15 min and then placed in 0.5% Triton
X-100 for 20 min to permeabilize. After blocking with
phosphate buffered saline (PBS) containing 1% BSA, cells
were incubated with anti-PRRC2A (Santa Ctuz, sc-
373747,1:10 dilution) antibody at 4°C overnight followed
by secondary antibodies (Proteintech Group, China) for
1 hour. Subsequently, the nuclei were counterstained with
DAPI (Solarbio, Beijing, China) for 5 min. Finally, the
images were obtained by a fluorescence microscope
(Olympus, Tokyo, Japan).

Cell Invasion and Migration Assay

Cell invasion and migration assays were conducted using
transwell chambers with 8-um pores (Corning, USA)
coated/not coated with Matrigel (1:40 by DMEM medium,
Corning, USA). 3x10* cells mixed in DMEM medium
without FBS were plated into upper sections. DMEM
medium with 20% FBS was loaded in the lower chambers.
After 24h incubation, cells were fixed with paraformalde-
hyde for 20 min and stained with crystal violet for 15 min.
The cells were counted using an optical microscope.

Cell Proliferation Assays
In terms of the Cell Counting Kit-8 (CCK-8) assay, 3 X
10° cells were cultured in 96-well plates and incubated
with CCK-8 reagent (Dojindo, Kyushu, Japan) for 2h at
37°C. Cell viability was measured with absorbance at
a wavelength of 450 nm (A450) on a Spectrophotometer
at 24h, 48h, 72h, and 96h.

For colony formation assay, 6-well plates were used to
seed HCC cells (1 x 10° cells per well) and cultured for 14

days. Then, the colonies were fixed and stained, and an optical
microscope was used to count the number of cell colonies.

For EdU assay, all procedures were achieved following
the instruction of the Cell-Light™ EdU Apollo®567 In
Vitro Imaging Kit (Ribobio, Guangzhou, China). The
EdU positive cells were captured by fluorescence micro-
scopy (Olympus, Tokyo, Japan).

Gene Expression Profiling Interactive
Analysis (GEPIA) and Clinical Proteomic
Tumor Analysis Consortium (CPTAC)

Database

GEPIA'? is an online interface tool to explore and visua-
lize the specific genes expression and underlying function
in 33 types of human neoplasm based on TCGA and
(GTEx) data.
a survival map and survival analysis were used to deter-

Genotype-Tissue  Expression Here,
mine the relationship of PRRC2A expression levels with
overall survival (OS) and disease-free survival (DFS). In
addition, survival analysis of PRRC2A expression at pro-
tein level was also plotted using the CPTAC database

(https://cptac-data-portal.georgetown.edu/), a large-scale

proteomic and genomic or proteogenomics database.'?

Oncomine Database
As the largest oncogene chip database, Oncomine (http://
www.oncomine.org)'* dataset integrated data-mining plat-

form, containing 715 gene expression data sets. The
mRNA expression and DNA copy number of PRRC2A
were determinedly the Oncomine 4.5 database, including
Roessler Liver, Roessler Liver 2, Guichard Liver,
GuichardLiver2 and TCGA Liver.

HCCDB
HCCDB (http:/lifeome.net/database/hcedb)'” is a free
website to examine particular gene expressions in HCC,

which includes 15 datasets covering around 4000 clinical
tissues to construct a global differential gene expression
overview of HCC.

The cBio Cancer Genomics Portal

(c-BioPortal) Analysis

With 225 cancer studies at present, c-BioPortal (http://
cbioportal.org)'® is an open-access database for the inter-
active investigation of multidimensional cancer genomics
datasets. c-BioPortal was used to examine the overview of
PRRC2A alterations in the TCGA-LIHC dataset.
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UALCAN
UALCAN (http://ualcan.path.uab.edu)'’ is applied to
explore particular query gene(s) expression between

tumor and normal tissues, and in various tumor sub-
groups such as tumor grade, stage, and other clinicopatho-
logical characteristics.

Survival Analysis

The R packages: survminer and survival calculated the best
cut-off value to divide the HCC patients into high and low
groups according to PRRC2A expression levels. Kaplan—
Meier analysis with the Log rank test was conducted to
compare the survival differences between the two groups.
Univariate and multivariate Cox proportional hazards
regression analyses were further applied to estimate the
clinical significance of PRRC2A on prognosis indication.

Establishment of a Nomogram for

Prognostic Prediction

Based on the univariate and multivariate Cox regression
analyses results, a program was devised to determine the
probability of 1-, 3-, and 5-year OS for HCC patients with
the R package “RMS.”'® Calibration curves were applied
to assess the prediction performance.

Functional Pathway Enrichment Analysis

R package: limma was first conducted to calculate the
differentially expressed genes in PRRC2A"™ and
PRRC2A"E" group with the criteria of [Log2Foldchange]
> 1 and P-value < 0.05. Next, Kyoto Encyclopedia of
Genes and Genomes (KEGG) and Gene ontology (GO)
enrichment analyses were performed to determine the
potential pathways that PRRC2A might be involved.
R package: clusterProfiler'® was also used for Gene set
enrichment analysis (GSEA) analysis with the KEGG,
GO, and HALLMARKER gene sets that were downloaded
from the molecular signatures database (MSigDB, http://
The
rank criterion was false discovery rate (FDR)< 0.05, and

software.broadinstitute.org/gsea/msigdb/index.jsp).

1000 simulations were done.

Single Sample GSEA (ssGSEA)

ssGSEA computes the population of immune cells in
a tumor specimen based on gene expression data and
R package: gsva.”” TCGA-LIHC dataset was used to eval-
uate the immune cell infiltration levels. Spearman rank
correlation analysis was performed to determine the

relationship between PRRC2A levels and 28 types of
immune cells infiltration levels. The R packages: heatmap
and ggplot were then used to visualize their correlations
according to the coefficient.

Estimation of STromal and Immune Cells
in Malignant Tumor Tissues Using
Expression Data (ESTIMATE) Analysis

Estimation for Immune Score, Stromal Score, and
ESTIMATE Score of each HCC sample was carried out
with R package: ESTIMATE, which suggests that a lower
score represents a less amount of the corresponding com-
ponent in the tumor microenvironment.?'

Analysis of the Tumor Immune
Dysfunction and Exclusion and

Immunophenoscore (IPS) Evaluation

The Tumor immune dysfunction and exclusion (TIDE)
algorithm®® was conducted to explore the correlation of
PRRC2A with TIDE scores and to predict the response
possibility between PRRCA2'°™ and PRRC2AME" group
to immune checkpoint inhibitor. Additionally, we ana-
lyzed the relationships of PRRC2A expression with sev-
eral clinical cohorts received immunotherapy through the
TIDE website. The IPS was performed to predict
the possibility of response to immunotherapy using the
R software.

Statistical Analysis

SPSS 23.0 software (IBM Corp., Armonk, NY, USA),
GraphPad Prism 7 (San Diego, CA, USA), and R software
(version 3.6.7) were applied for statistical analysis or visua-
lization. Differences between PRRC2A expressions in dif-
ferent groups were calculated using the Student’s #-test.
Spearman correlation was performed to identify the relation-
ship of PRRC2A with other genes, ESTIMATE score, TIDE
score, and immune cell infiltration. P-value <0.05 was con-
sidered as statistically significant.

Ethics Statement

The studies involving human participants were approved
by Ethics Committee of the First Affiliated Hospital of
Zhengzhou University and was conducted in accordance
with the Declaration of Helsinki. Written informed consent
was obtained from the patients.
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Results
The Landscape of PRRC2A mRNA
Expression and Its Prognosis in Various

Human Tumors

To explore the expression status of PRRC2A in tumors,
the results from TIMER 2.0 online tool revealed that
PRRC2A was frequently elevated in breast cancer
(BRCA), colorectal cancer (COAD), prostate adenocarci-
noma (PRAD) and liver hepatocellular carcinoma (LIHC),
etc. (Figure 1A). Subsequently, according to the GEPIA
database, high PRRC2A expression was correlated with
poor OS in adrenocortical carcinoma (ACC), kidney renal
clear cell carcinoma (KIRC), LIHC, pancreatic adenocar-
cinoma (PAAD) and sarcoma (SARC) (Figure 1B and D).
Furthermore, worse DFS was found in ACC, LIHC, and
PRAD with high PRRC2A expression group (Figure 1C
and D). These results suggested that PRRC2A could have
crucial prognostic value for multiple cancers. Hence,
HCC was selected for further analysis due to its obvious
elevated expression and prognostic role in both OS
and DFS.

Validation of PRRC2A High Expression in
HCC

In addition to the above findings, paired samples in the
TCGA-LIHC cohort also confirmed high PRRC2A expres-
sion levels in HCC tissues (Figure 2A). Similar results
were observed in relevant data sets retrieved from
Oncomine, GEO and HCCDB databases (Figures SIA-C
and S2A). Next, the underlying mechanism of PRRC2A
dysregulation in HCC was explored. cBioPortal was used
to investigate the types and frequency of PRRC2A altera-
in the TCGA-LIHC dataset,
OncoPrint plot (Figure S3A). As shown in Figure S3B—

tions shown with an
F, amplification was significantly associated with upregu-
lated PRRC2A mRNA expression according to the results
from cBioPortal and Oncomine database. Moreover,
increased PRRC2A promoter methylation could signifi-
cantly attenuate PRRC2A gene expression (Figure S3G).
Results from UALCAN confirmed that the methylation of
PRRC2A was much lower in HCC tissues than that in
normal specimens (Figure S3H). The higher tumor stage
or differentiation grade, the less the methylation level
(Figure S31 and )J).
PRRC2A expression might play an important role in
HCC development.

Collectively, abnormally high

High PRRC2A Was Positively Correlated

with Clinicopathologic Features and

Predicted Poor Prognosis in HCC

The correlation between the mRNA expression of PRRC2A
and clinicopathological features was further investigated.
High PRRC2A was positively associated with advanced
TNM stage, poor differentiation grade, high AFP level but
not vascular invasion (Figure 2B-E). In consistent with the
results from the GEPIA database, Kaplan—-Meier analysis
indicated that patients with elevated PRRC2A levels had
poorer OS and DFS based on the best cut-off value obtained
by R packages-survminer and survival (Figures 2F and
S2B). Furthermore, results from univariate and multivariate
Cox regression analyses of the TCGA-LIHC dataset
showed that PRRC2A could potentially act as an indepen-
dent prognosticator in OS (Figure 2G and Table 1) and DFS
(Figure S2C). TNM stage and PRRC2A expression for
nomogram construction were selected to predict the 1-, 3-,
and 5-year OS based on the TCGA-LIHC cohort
(Figure 2H). Its estimation efficiency on the mortality of
HCC was confirmed by the calibration curve (Figure 2I). As
shown in Figure 2J, the Receiver Operating Characteristic
(ROC) curves demonstrated that PRRC2A has greater
power in terms of diagnosis for HCC than AFP. Thus,
overall, PRRC2A played an essential role in HCC diagnosis
and predicting HCC patients’ prognosis.

High PRRC2A Was More Likely to Speed

Up HCC Progression at the Protein Level
THC analysis was applied in a larger TMA cohort containing
80 pairs of HCC samples to evaluate PRRC2A protein
expression. Seventy-four pairs were finally retained accord-
ing to the criteria that if one of the paired tissues is detached,
both will be removed, and the clinical data are shown in
Table 2. PRRC2A protein was distinctly upregulated in
HCC tissues compared with adjacent liver tissues and inver-
sely related to the prognosis of HCC patients (Figure 3A—C),
which was further validated through analysis data of the
HCC proteomics from the CPTAC database (Figure 3D
and E). In addition, high PRRC2A protein expression
might be a potential indicator for HCC patients living status
(P = 0.055), however, no significant associations were
observed among PRRC2A protein expression and age, gen-
der, TNM stage, cirrhosis, or tumor size (Figure 3F).
Moreover, the univariate analyses of our TMA cohort
showed that both PRRC2A and TNM stage were associated
with OS (Figure 3G). The data also confirmed that PRRC2A
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Figure | PRRC2A mRNA expression pattern and its clinical value in pan-cancer. (A) PRRC2A mRNA expression was frequently dysregulated in human solid tumors in
TCGA pan-cancer analysis. (B and C) Survival map of PRRC2A expression in 33 common types of human tumors on overall survival (OS) (B) and disease-free survival (DFS)
(C). (D) Survival analysis showed PRRC2A expression was inversely correlated with prognosis of ACC, KIRC, LIHC, SARC, PRAD except PAAD. *P < 0.05, **P < 0.01, ***P
< 0.001.

was an independent predictor in OS for HCC patients by
multivariate analyses (Table 3). ROC curves showed that
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Figure 2 Association of PRRC2A mRNA expression with clinical features in TCGA-LIHC dataset. (A) Expression of PRRC2A in paired HCC and normal tissues in TCGA-

LIHC cohort. (B-E) The level of PRRC2A in TNM stage (B), differentiation (C), AFP |

evel (D) and vascular invasion (E). (F) The Kaplan—Meier curves about the correlation
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Abbreviation: NS, not significance (P > 0.05).

The Potential Molecular Mechanisms of
PRRC2A in HCC Progression

Considering that PRRC2A might serve as an oncogene in HCC
progression, bioinformatic analysis was performed to illustrate
the underlying mechanisms based on PRRC2A expression in
the TCGA-LIHC database. KEGG and GO analyses disclosed
that PRRC2A was dominantly concerned with the cell cycle,
DNA replication, and other cell proliferation-related pathways
(Figure 4A and B). Moreover, GSEA analysis revealed that
elevated PRRC2A expression was also associated with
E2F TARGETS, G2M_CHECKPOINT, DNA replication,
tRNA export from nucleus and the activation of wnt/B-

catenin and TGF- signaling, which indicated that PRRC2A
might play a pivotal role in promoting HCC development
(Figure 4C—E, Tables S2 and S3). Furthermore, the relation-
ship between PRRC2A expression and cell cycle and prolif-
eration-related gene markers was explored. As shown in
Figure 4F and Table 4, there were significantly positive corre-
lation among PRRC2A and critical cell cycle and proliferation-
related markers, including CCNA2, CCNB1, CCNC, CCNE],
CDK2, CDK4, CDK6 and MKi67. Overall, PRRC2A acti-
vated as an oncogene through the hyperactivation of multiple
signaling pathways in HCC progression, especially cell cycle
and proliferation pathways.
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Table | Univariate and Multivariate Analyses of PRRC2A mRNA Expression for Overall Survival in HCC Patients from TCGA-LIHC

Cohort
Characteristics Univariate Analyses Multivariate Analyses
Hazard Ratio P value Hazard Ratio P value
Age (year)
> 60 vs.< 60 1.248 (0.880-1.768) 0.214
Gender
Male vs Female 1.226 (0.860-1.747) 0.260
Race
White vs non-white 1.251 (0.871-1.797) 0.225
TNM stage
=1V vs -1 2.448 (1.689-3.548) <0.00 | *#* 2.314 (1.590-3.369) <0.00 | *#*
Vascular invasion
Presence vs Absence 1.348 (0.890-2.042) 0.159
Differentiation
=1V vs -1 1.120 (0.781-1.606) 0.539
PRRC2A expression
High vs low 1.638 (1.158-2.316) 0.005%* 1.474 (1.017-2.135) 0.040*

Notes: *Indicates a significant difference, *P < 0.05, **P < 0.01, ***P < 0.001.

Abbreviations: TNM, tumor-node-metastasis; PRRC2A, proline rich coiled-coil2 A.

Table 2 Characteristics of 74 Patients in TMA Cohort

Characteristics All Patients [Case(%)]
Total 74
Gender

Female 16 (21.6)

Male 58 (78.4)
Age

<60 50 (67.6)

>60 24 (32.4)
TNM stage

| 51 (68.9)

I 13 (17.6)

n 10 (13.5)
Tumor Size

<5cm 36 (48.6)

25cm 38 (51.4)
Liver Cirrhosis

Absence 4 (5.4)

Presence 70 (94.6)

PRRC2A Silencing Suppressed Proliferation,

Migration, and Invasion of HCC Cells in vitro
To illuminate the biological action of PRRC2A in HCC
cells, the PRRC2A mRNA and protein expression in normal

liver cell line (L0O2) and HCC cell lines (HCCLM3,
BEL7402, Hep3B, and MHCC97H) were examined, and
PRRC2A was highly expressed in HCC cell lines
(Figures 5A and S4A). Then, HCCLM3 and MHCC97H
cells were transfected with sh-PRRC2A or sh-NC lentivirus.
gRT-PCR and IF detected the transfection efficacy, and
PRRC2A-sh2 was used for further studies (Figures 5B and
S4B). CCK-8 and colony formation assays were performed
to evaluate the role of PRRC2A on the proliferation of HCC
cells. Consequently, the growth ability of cells transfected
with sh-PRRC2A was suppressed compared to the group
with sh-NC (Figure 5C and D). Congruously, the EdU
assay also showed that PRRC2A silencing could inhibit
DNA replication (Figure SE). Moreover, transwell assay
revealed that knockdown of PRRC2A remarkably impeded
the migration and invasion of HCC cells (Figure 5F and G).
Above all, the data concluded that PRRC2A silencing could
suppress HCC malignant progression in vitro.

PRRC2A Was Correlated with Immune

Infiltration and Immune Escape in HCC

Previous studies have reported PRRC2A to be associated
with immune response,5 therefore, the effect of PRRC2A
expression on HCC immune cell infiltration was explored.
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Figure 3 High PRRC2A was more likely to aggravate HCC progression at protein level. (A) The representative IHC images of PRRC2A in HCC tissues. (B) PRRC2A protein
expression was higher in HCC tissues than para-tumor ones. (C) The Kaplan-Meier curves about the correlation between PRRC2A expression and OS. (D) The expression
analysis of PRRC2A in CPTAC database. (E) The survival analysis of PRRC2A in CPTAC database. (F) The associations of PRRC2A with clinicopathological features in HCC
patients. (G) Univariate analyses of PRRC2A expression and other clinical characteristics for OS. (H) The ROC curves of PRRC2A and AFP. *P < 0.05, ***P < 0.001.

The results from the ESTIMATE analysis revealed
a negative correlation, and the PRRC2A™E" group had
a low immune score, stromal score, and ESTIMATE
score compared with the PRRC2A"™ group (Figure 6A

and B). As plotted in Figure 6C, the results of ssGSEA
further confirmed that high PRRC2A expression was
obviously related with low infiltration of mostly immune
cell types, such as CD56 bright natural killer cells (R
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Table 3 Univariate and Multivariate Analyses of PRRC2A Protein Expression for OS in HCC Patients from TMA Cohort

Characteristics Univariate Analyses Multivariate Analyses
Hazard Ratio P value Hazard Ratio P value
Age (year)
> 60 vs.< 60 1.571 (0.674-3.663) 0.278
Gender
Male vs Female 3.365 (0.783-14.467) 0.103
TNM stage
s - 3.174 (1.133-8.891) 0.028* 3.353 (1.182-9.510) 0.023*
Liver Cirrhosis
Presence vs Absence 1.008 (0.227-4.475) 0.992
Tumor Size
25cm vs.<5cm 1.534 (0.652-3.609) 0.327
PRRC2A expression
High vs low 2.393 (1.030-5.558) 0.042* 2.474 (1.063-5.760) 0.036*

Notes: *Indicates a significant difference, *P < 0.05.

Abbreviations: TNM, tumor-node-metastasis; PRRC2A, proline rich coiled-coil2 A.

—0.33, P < 0.001), neutrophils (R = —0.31, P < 0.001) and
activated CD8 T cells (R = —0.24, P < 0.001), etc. Few
types of immune cells had positive correlations with
PRRC2A expression, such as activated CD4 T cells (R =
0.29, P < 0.001), type 2 T helper cells (R = 0.27, P <

A KEGG Analysis B

0.001) and central memory CD4 T cells (R = 0.21, P <
0.001). PRRC2A™E" group had lower anti-cancer immune
cell infiltration than PRRC2A'Y group (Figure 6D).
Subsequently, the relationship between PRRC2A and
T cell exhaustion markers was investigated. As expected,
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Figure 4 PRRC2A involved multiple biological pathways in HCC. (A) KEGG analysis. (B) GO analysis. (C) GSEA HALLMARKER analysis. (D) GSEA KEGG analysis. (E)
GSEA GO analysis. (F) The correlation among PRRC2A and cell proliferation related gene markers.
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Table 4 The Correlation Analysis of PRRC2A and Cell Cycle
Related Genes in TCGA-LIHC Dataset

Gene Symbol Correlation P value
CCNA2 0.60 0.0000
CCNBI 0.55 0.0000
CCNC 0.29 0.0000
CCNEI 0.48 0.0000
CDK2 0.71 0.0000
CDK4 0.69 0.0000
CDKé 0.29 0.0000
MKi67 0.64 0.0000

the levels of the majority were positively correlated with
PRRC2A expression, indicating that PRRC2A could
induce the functional T cell into an exhaustive state
(Figure 6E and Table 5). Moreover, the univariate Cox
regression analyses revealed that anti-tumor lymphocyte
cell subpopulations, such as activated CD8 T cells
(ActCD8 T), effector memory CD8 T cells, type 1
T helper cells, and intermediate-tumor immunocyte, like
activated B cells, eosinophil were favorable factors (all P <
0.05, Figure 6F). Similar results were obtained by KM
analysis and we also found that HCC patients with high
PRRC2A expression and low ActCD8 T cell infiltration
have the worst OS (Figure 6G and H). Taken together, the
high PRRC2A expression might be instrumental in estab-
lishing immunosuppressive environment in HCC.

PRRC2A Was Inversely Associated with

Efficacy of Immunotherapy in HCC

The association of high PRR2CA expression with
immunotherapy tolerance in HCC was further examined.
An obvious positive correlation between PRRC2A
expression and TIDE score (Figure 7A and B) was
found. Further, we estimated the IPS, an indicator to
determine the tumor immunogenicity and predict
response to ICI therapy in various tumors, to explore
the associations between PRRC2A and immune
response. The results showed that the PRRC2A'Y
group had a significantly higher IPS than the
PRRC2A"E" group (Figure 7C). Additionally, patients
with elevated PRRC2A levels were more likely to
show no response to immunotherapy according to the
results from the TIDE analysis (Figure 7D), which was
consistent with mice that received the anti-PD-1 therapy
from the GSE120714 dataset (Figure 7E). More impor-

tantly, we observed that the OS and PFS for those

melanoma or glioblastoma patients with low PRRC2A
expression who received the anti-PD-1 therapy would be
better (Figure 7F and G). In line with the above results,
HCC patients with low PRRC2A level may be more
sensitive to ICI treatment.

Discussion

HCC has complex pathogenesis, insidious onset, quick
progression and early metastasis, coupled with a high
mortality rate, which is a tremendous challenge to
overcome.”> Thus, finding effective biomarkers for
early diagnosis and improving the curative effect of
treatments are highly regarded as the key to prevent
HCC. PRRC2A has been reported to be a lurking pivo-
tal gene in HCC progression.”* However, despite these
observations, detailed expression and clinical signifi-
cance of PRRC2A in HCC have not been researched
yet. To our knowledge, this study is the first time to
shed a light on the role of PRRC2A in HCC. Of note,
the expression level of PRRC2A in HCC was upregu-
lated across TCGA and was validated via GEO,
HCCDB at mRNA level, and CPTAC,
TMA cohort at the protein level. Besides, the underlying

Oncomine,

mechanism of high PRRC2A expression level might be
the amplification in gene copy number and its promoter
High PRRC2A
remarkably associated with advanced TNM stage, poor

hypomethylation. expression  was
differentiation grade, high AFP level, and poor clinical
outcomes. More importantly, the univariate and multi-
variate Cox regression analyses revealed that high
PRRC2A could be an independent biomarker for OS
and DFS in HCC. Additionally, the ROC curve analysis
showed that PRRC2A expression could clearly distin-
guish between normal and cancerous tissues with high
sensitivity and specificity. These outcomes suggest that
PRRC2A could be a potential biomarker in diagnosis
and prognosis of HCC patients.

Furthermore, bioinformatics analysis was carried out
to uncover the crucial enriched pathways that PRRC2A
involved in HCC progression. The results showed that
PRRC2A mainly participated in several well-known
oncogenic pathways such as cell proliferation-related
pathways and TGF-f signaling pathway, which have
been elaborated in multiple types of cancers, HCC
included.”*® Furthermore, positive correlations were
obtained between the mRNA expression of vital genes
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involved in cell proliferation (CCNA2, CCNBI,
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Figure 5 PRRC2A knockdown suppressed the proliferation and metastasis of HCC cells. (A) The expression level of PRRC2A in several HCC cell lines and L02 via qRT-
PCR. (B) The stable knockdown of MHCC97H and HCCLM3 cells was constructed and determined by qRT-PCR. (C-E) The proliferation of HCC cells was evaluated by
CCK-8 assay (C) and colony formation assay (D) as well as EdU assay (E). (F and G) The migration (F) and invasion (G) of HCC cells was identified via transwell assay. *P <
0.05, *P < 0.0, **P < 0.001, ****P < 0.0001.

PRRC2A. Besides, knockdown of PRRC2A could sig- Collectively, these results demonstrated that PRRC2A
nificantly inhibit the proliferation, migratory and inva- might play an important role in promoting HCC
sive capabilities of HCC cells in vitro experiments. development.
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Figure 6 PRRC2A was correlated with immune infiltration in HCC. (A) The associations of PRRC2A expression with ESTIMATE score, immune score and stromal score.
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markers. (F) Univariate Cox regression analyses of PRRC2A expression and 28 kinds of immune cells for OS. (G) The Kaplan—Meier curves about the correlation between
Activated CD8 T cells infiltration and OS. (H) The Kaplan—Meier curves using combinations of PRRC2A expression and Activated CD8 T cells infiltration for OS. *P < 0.05,

**P < 0.01.

In the past decades, the molecular-targeted therapy
have achieved great improvement due to the advances in
high throughout sequencing of HCC.?* Meanwhile,
increasing novel effective molecule-based targeted drugs,
such as multikinase inhibitors have been approved as the
first-line drug for HCC due to their efficacy in providing
a survival benefit, but unfortunately, only a few are

suitable and it is easy to generate drug resistance during
treatment.’**! Previous studies have established that the
tumor immune microenvironment (TME) has a vital role
in the occurrence, progression, and metastasis of cancers
and the effect of immunotherapy on patients, including
HCC.**% Moreover, cancer immunotherapy has shown
potent efficacy in treating multiple late-stage neoplasm
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Table 5 The Correlation Analysis of PRRC2A and T Cell
Exhaustion Related Markers in TCGA-LIHC Dataset

Gene Symbol Correlation P value
LAG3 0.09 0.0780
PDCDI 0.20 0.0002
CD274 0.22 0.0000
HAVCR2 0.18 0.0004
TGFBRI 0.47 0.0000
CTLA4 0.14 0.0087
TIGIT 0.16 0.0028

tumors,>”*® for instance, the anti-PD1/PD-L1 treatments
(immune checkpoint inhibitors) have displayed promising
therapeutic benefits for patients with advanced melanoma
and non-small cell lung cancer, etc.>>40 However, to our
disappointment, most patients might be still likely to pro-
gress eventually even with these treatment strategies.
Recently, the combinations of various therapeutics, like
molecular targeted therapy and immunotherapy, have
achieved much more pleasing clinical outcomes in HCC,
which could overcome disadvantages of poor efficacy of
single targeted drugs or immune checkpoint inhibitors.*'
Nevertheless, studies have shown that a typical phenomenon
of HCC microenvironment is the gradual dysfunction of
various immune cells, including CDS8 T cells and NK cells,
or restricting their entry into tumors.**** Therefore, satisfy-
ing results were usually not obtained due to the primary
immunosuppressive role of TME in HCC, which contained
anti-tumor immunity and aggravated tumor development.*
Hence, great attention should be given to finding new and
effective factors that participate in the modulation of immune
cells in TME in order to improve the efficacy of immunother-
apy. In this study, we have determined the oncogenic role of
PRRC2A in HCC and could be a potential target for HCC
treatment. Furthermore, ESTIMATE analysis revealed that
high PRRC2A expression was inversely associated with
immune scores. Besides, because the regulation of immuno-
suppressive or immunoactive effect of TME is executed by
multiple cells having immunomodulatory activities,*® includ-
ing infiltration of effector immune cells (CD8 T cells, CTLs,
NK cells, etc.), proportion of immunosuppressive cells (reg-
ulatory T cells, type 2 T helper cells and MDSC, etc.) and
factors (TGFBI1, IDO1, CSF1, etc.), we next conducted
ssGSEA analysis and found a significant negative correlation
of PRRC2A with many anti-cancer immune cell infiltration
degrees in HCC, including CD8 T cells, which could kill
tumor cells through releasing perforin granules and

granzymes A. Meanwhile, several documents have identified
the protective role of CD8 T cells for HCC patients. For
example, Liu et al reported that CD8 T cells could be recruit-
ment through driving M1 polarisation of Kupffer cells by
miR-206 and then suppressed HCC progression.47
Consistent with these results, we also found the protective
function of CD8 T cells in TCGA-LIHC cohort by survival
analysis and HCC patients with high PRRC2A expression
had a much worse prognosis in the group with lower infiltra-
tion level of these immune cells. These results suggested that
PRRC2A participated in the construction of HCC immuno-
suppressive microenvironment and prevented the entry of
CD8 T cells into HCC, indicating that targeting PRRC2A
therapy might be a promising therapeutic for HCC patients.
Moreover, another typical cause is that malignant cells
express PD-L1 and other ligands matched to the PD-1 and
Tcells’ corresponding proteins, thereby losing the capacity to
secrete cytokines but express manifold inhibitory receptors.
This induces uncontrollable infection or tumor development
and directly causes T cells exhaustion.”*" A positive corre-
lation between PRRC2A expression and diversified markers
of T cell exhaustion, including PD-1, PD-L1, TIGIT,
HAVCR2, and TGFBR1, was identified. These results indi-
cate that PRRC2A has a close link with the formation of
immunosuppressive TME in HCC. Additionally, TIDE and
IPS results showed that patients with high PRRC2A had
higher TIDE scores but lower IPS scores, suggesting
a rapid generation of tolerance to immunotherapy.
Furthermore, high PRRC2A expression was more insensitive
to anti-PD1 therapy and more likely to induce poorer prog-
nosis. All signs furnish robust evidence that PRRC2A may
play a pivotal role in immunosuppression in HCC develop-
ment and could be a potentially novel therapeutic target to
enhance the curative effect of immunotherapy against HCC.

Conclusion

To summarize, PRRC2A might serve as an oncogene in HCC
progression by regulating cell proliferation-related pathways,
suppressing immune cell infiltration, and enhancing T cells
exhaustion. This study explored the predictive value and
biological roles of PRRC2A in HCC progression, and results
suggested that it might be a significant biomarker for HCC
patients, shedding new light on HCC immunotherapy.
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Figure 7 PRRC2A was associated with immunotherapy. (A) The associations between PRRC2A expression and TIDE score. (B) High PRRC2A was positively correlated with high
TIDE score. (C) High PRRC2A was negatively associated with low immunophenoscore. (D) Patients with low PRRC2A expression showed higher response potential than those
with high PRRC2A expression. (E) Mice with low PRRC2A expression showed higher response potential than those with high PRRC2A expression for anti-PD-1| therapy. (F) The
Kaplan—Meier curves about the correlation between PRRC2A expression and OS/PFS in melanoma patients with anti-PD-| therapy. (G) The Kaplan-Meier curves about the
correlation between PRRC2A expression and OS/PFS in glioblastoma patients with anti-PD-1 therapy. *P < 0.05, **P < 0.01, **P < 0.001, ***P < 0.0001.

included in the article/supplementary material, further
inquiries can be directed to the corresponding author/s.
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