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SUMMARY: Oncolytic adenovirus H101 has shown antitumor activity in hepatocellular carcinoma (HCC), but the
molecular determinants of treatment response remain unclear. In this study, a Hepal-6 subcutaneous tumor model
was established in C57BL/6 mice and treated with intratumoral H101, followed by integrated transcriptomic and
proteomic analyses to identify candidate genes associated with H101 response. PRXL2B was selected for further
investigation using public multi-omics datasets, tissue microarray-based immunohistochemistry, in vitro functional
assays, mechanistic analyses, and in vivo validation experiments. Integrated multi-omics analyses identified PRXL2B
as a candidate gene downregulated after H101 treatment. Public datasets and tissue-based validation further showed
that PRXL2B was upregulated in HCC tissues. In MHCC97H and HCCLM3 cells, PRXL2B knockdown inhibited
proliferation, migration, and invasion, promoted apoptosis and cell-cycle arrest, and enhanced the antitumor effect of
H101. Mechanistically, PRXL2B silencing reduced AKT phosphorylation and PD-L1 expression. /n vivo, PRXL2B
knockdown suppressed tumor growth, and the combination of PRXL2B knockdown and H101 produced the strongest
antitumor effect. These findings indicate that PRXL2B promotes malignant phenotypes in HCC and may modulate
H101 efficacy through the PI3K/AKT/PD-L1 axis. Targeting PRXL2B may therefore represent a potential strategy to
enhance the therapeutic efficacy of oncolytic virus therapy in HCC.
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1. Introduction

Hepatocellular carcinoma (HCC), as the most prevalent
subtype of primary liver cancer, persists as a primary
cause of cancer-related mortality globally. Curative
treatments, such as resection, local ablative procedures,
and transplantation, can improve survival rates among
carefully selected early-stage patients (/). Nevertheless,
due to the asymptomatic progression and delayed
detection, a substantial number of patients are diagnosed
with advanced-stage disease, precluding the application
of potentially curative therapies. For these patients,
targeted therapy and immune checkpoint inhibitors (ICIs)
have the potential to enhance overall survival. However,
their efficacy is still constrained by tumor heterogeneity,

immune microenvironment suppression, and acquired
resistance (2). Consequently, exploring novel strategies
that integrate "direct tumor cell killing" with "immune
remodeling" remains a critical direction for HCC
treatment.

Oncolytic virus (OV) therapy exerts its effects
via dual mechanisms. Firstly, it selectively replicates
within tumor cells and causes their lysis (3). Secondly,
it induces immunogenic cell death, facilitates the release
of tumor antigens, and activates both innate and adaptive
immune responses (4). This therapeutic approach has
gained increasing attention since the early studies in the
1950s, where the first viral agents were used in cancer
treatment, and has since evolved with the development
of genetically modified oncolytic viruses that can
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selectively target cancer cells. HI01, a recombinant
adenoviral oncolytic agent, has demonstrated clinical
potential in several tumor types, such as non-small cell
lung cancer, head and neck squamous cell carcinoma,
glioblastoma, and HCC (5-7). In particular, its use in
HCC has shown promise in preclinical and clinical
trials, offering a new strategy to target both tumor cells
and the immune microenvironment (8). Nevertheless,
the efficacy of OV varies significantly across different
tumor types and among individuals. This variability is
partly due to differences in the tumor microenvironment
and the immune system's ability to recognize and
respond to the viral infection (9). The key molecules
and predictive biomarkers related to its response remain
unclear. Recent studies suggest that immune checkpoint
proteins, such as PD-L1, and tumor-intrinsic factors, like
mutations in the PI3K/AKT pathway, may influence OV
therapy efficacy in HCC (/0). In particular, the tumor-
intrinsic factors and downstream immune regulation
mechanisms that influence the sensitivity and tolerance
of oncolytic adenovirus therapy in HCC require further
clarification (/7).

Multi-omics investigations, encompassing
transcriptomics and proteomics, have emerged as potent
methodologies to characterize alterations in tumor
molecular profiles subsequent to therapeutic interventions.
These studies contribute to surmounting the limitations
of single-omics approaches, which frequently encounter
discrepancies between transcriptional and protein-
level data. Through the integration of transcriptomic
and proteomic data, more robust candidate molecules
can be identified, thereby furnishing a more reliable
foundation for comprehending molecular mechanisms
and translating research findings into clinical
applications (/2). In recent years, multi-omics has been
applied in HCC research to uncover novel therapeutic
targets and biomarkers. For instance, studies have
amalgamated genomic, transcriptomic, and proteomic
data to identify pivotal signaling pathways implicated
in HCC progression. A study demonstrated that the
integration of proteomic and transcriptomic profiles
could assist in identifying potential therapeutic
targets such as PD-L1 and VEGF in HCC, offering
insights into immune evasion mechanisms and tumor
vascularization (/3). Furthermore, a study in employed
multi-omics approaches to analyze alterations in the
tumor microenvironment (TME) in HCC, revealing
novel perspectives on how metabolic shifts in the TME
influence tumorigenesis. By integrating metabolomics
with transcriptomics and proteomics, the researchers
were able to uncover novel biomarkers associated
with a poor prognosis in HCC patients (/4). This
approach underscored the crucial role of metabolic
reprogramming in the development and progression of
liver cancer. Another study in utilized multi-omics to
explore the role of long non-coding RNAs (IncRNAs)
in HCC, integrating RNA sequencing, proteomics, and

epigenomics to delineate IncRNA-associated pathways
in HCC. The integration of these data provided a more
in-depth understanding of epigenetic regulation in
liver cancer progression, presenting potential IncRNA
targets for therapeutic intervention (/5). These examples
illustrate the substantial potential of multi-omics in
understanding HCC biology and in the development of
personalized medicine strategies for liver cancer (/6).

In the present study, an immunocompetent Hepal-6
subcutaneous tumor model was employed to assess the
effects of intratumoral H101 treatment. Transcriptomic
and proteomic data were integrated to identify response-
related genes, and PRXL2B was selected as a key target.
The findings were further validated using multi-omics
data, immunohistochemistry of HCC tissue microarrays,
in vitro functional assays, and mechanistic studies (PI3K/
AKT-PD-L1 axis), along with in vivo combination
therapy experiments, to clarify the role of PRXL2B in
HCC progression and the efficacy of H101.

2. Materials and Methods
2.1. Cells and culture

Mouse Hepal-6 cells, Hepatic progenitor cells (derived
from mouse liver), Telomerase-immortalized human
liver epithelial cells, Human hepatocellular carcinoma
cells, and human liver cancer cell lines MHCC97H
and HCCLM3 were purchased from Sevier (China).
Animal experiments were approved by the Ethics
Committee of Chongqing Medical University (IACUC-
CQMU-2024-11061). Cells were cultured in DMEM
supplemented with 10% fetal bovine serum (FBS,
Procell) and 1% penicillin-streptomycin at 37°C in a 5%
CO: incubator. Cells were passaged at a ratio of 1:3 to 1:5
and used for experiments during the logarithmic growth
phase. H101 was purchased from Ankerui. /n vitro
infection was performed at a multiplicity of infection
(MOI) of 0.05 for 96 hours, as previously described in
Song et al., 2025 (17). The experimental groups were
NC, shPRXL2B, and shPRXL2B + H101.

2.2. Clinical sample collection

The animal experiments were approved by the Ethics
Committee of Chongqing Medical University (Approval
No: JACUC-CQMU-2024-11061). The tissue microarray
study was approved by the Ethics Committee of the First
Affiliated Hospital of Chongqing Medical University
(Approval No: 2024-607-01). A total of 84 pathological
paraffin-embedded samples (including 84 HCC
samples and 83 adjacent normal liver tissue samples)
were collected from patients who underwent surgery
at Chongqing Medical University between 2020 and
2023. Survival data from 84 patients who participated
in postoperative follow-up were also included. These
samples were used for tissue microarray preparation and
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subsequent immunohistochemistry (IHC) and in situ
hybridization analysis. All participants provided written
informed consent. The samples were pathologically
confirmed as HCC after surgery. All studies were
conducted in accordance with the principles of the
Declaration of Helsinki and the Istanbul Declaration.

2.3. Subcutaneous tumor implantation and treatment

Female C57BL/6 mice (7-8 weeks old) were used to
establish subcutaneous Hepal-6 tumor models. The
mice were inoculated subcutaneously with 2x10¢
Hepal-6 cells in PBS. When the tumor volume reached
approximately 80 mm?, intratumoral injections of H101
(1x108 PFU per dose, diluted in PBS, 80-120 pL per
dose) were administered daily for 3 consecutive days,
starting on day 9. The tumors were harvested on day 14.
The tumor volume was calculated using the formula V =
0.5 x length x width2. The experiment included 4 mice
per group. All animal experiments were approved by
the Ethics Committee of Chongqing Medical University
(IACUC-CQMU-2024-11061).

2.4. Virus/plasmid construction and PRXL.2B knockdown

PRXL2B expression was knocked down using shRNA.
Human-shRNA-1 (h-sh1l) and mouse-shRNA-1 (m-
sh1l) were used for in vitro and in vivo experiments,
respectively. The shRNA vector was pLVX-shRNA2-
Puro (BamHI/EcoRI cloning). The sequences are as
follows (suggested for inclusion in the supplementary
materials):

h-shPRXL.2B-1 (insert sequence):
GATCGGGATGAGAGCAAGCAGCTTTACTCGAGT
AAAGCTGCTTGCTCTCATCCTTTTTT
M-shPRXL2B-1 (insert sequence):
GATCGATGAGAGCAAGCAAATCTATACTCGAGTA
TAGATTTGCTTGCTCTCATTTTTTT

Stable cell lines were selected using puromycin.
Sensitivity for shRNA screening was optimized by
titrating concentrations in pilot experiments, typically
ranging from 1-3 pg/mL for 3-5 days.

2.5. Transcriptomics, proteomics analysis and multi-
omics integration

Total RNA was extracted from tumor tissues using
TRIzol reagent (Thermo Fisher Scientific, USA).
cDNA libraries were constructed using SuperScript™
II Reverse Transcriptase (Invitrogen, USA). Paired-
end sequencing (2 x 150 bp) was carried out using
the Illumina NovaSeq™ 6000 platform. Differentially
expressed genes (DEGs) were identified using DESeq2
with thresholds of [log2 - fold change| > 1 and FDR
< 0.05. GO and KEGG enrichment analyses were

conducted on DEGs. For proteomics, the raw data were
processed using the Thermo Orbitrap Fusion Lumos
platform and analyzed using Proteome Discoverer.
Protein quantification was normalized using row means
and column medians. Differential protein analysis was
conducted with a p-value < 0.05 and FC > 1.2 or FC <
0.83. Pathway enrichment was carried out using standard
enrichment factor calculations and presented as bubble
plots. We integrated transcriptomic DEGs and proteomic
differential proteins to identify robust candidate genes.
Directionally consistent genes were selected for further
validation based on their biological significance.

2.6. Immunohistochemistry and scoring

Immunohistochemical analysis was performed on a tissue
microarray (TMA) cohort of 84 HCC samples to assess
PRXL2B expression. This tissue microarray study was
approved by the Ethics Committee of the First Affiliated
Hospital of Chongging Medical University (Approval No:
2024-607-01). The antibody used for PRXL2B detection
was the Clorf93 polyclonal antibody (Proteintech,
Catalog No: 26304-1-AP, Rabbit, IgG isotype), which
was applied at the recommended dilution of 1:600. The
H-score was calculated based on the staining intensity
and the percentage of positive cells, classifying PRXL2B
expression into high and low groups for subsequent
survival analysis. The immunohistochemical procedure
involved deparaffinization and rehydration of tissue
sections, followed by antigen retrieval. The sections
were incubated with the primary antibody (Clorf93,
diluted 1:600) at room temperature for 1.5 hours. After
incubation, the sections were washed and treated with a
secondary antibody, followed by appropriate substrate
development for visualization. The stained tissue sections
were then evaluated by two independent pathologists to
determine the staining intensity and the percentage of
positively stained cells.

2.7. Western blot and antibodies

Cells were lysed in RIPA lysis buffer (Beyotime, China)
for 10 minutes at 4°C. The supernatant was collected
and centrifuged at 15,000 rpm for 15 minutes at 4°C.
Protein concentration was measured using the BCA
protein assay kit (Solarbio, Beijing, China). A total of
20 pg of protein was boiled and separated by 12.5%
SDS-PAGE, then transferred to a PVDF membrane
(Millipore, USA). The membrane was blocked with 5%
non-fat milk for 1 hour, followed by incubation with
primary antibodies at 4°C: PRXL2B (1:500, Proteintech
#26304-1-AP, China), AKT (1:5000, Proteintech 10176-
2-AP, China), p-AKT (1:2000; Proteintech #66444-1-Ig,
China), PD-L1 (1:2000; 66248-1-Ig, Proteintech, China),
and GAPDH (1:2000; #60004-1-Ig, Proteintech, China).
Protease/phosphatase inhibitor cocktail (Beyotime,
Catalog No. P1081, 50X) was added during the protein
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extraction process to prevent protein degradation and
dephosphorylation.

2.8. Cell migration and invasion assays

A wound healing assay was conducted to evaluate cell
migration. Cells (5x10° cells per well) were seeded in
6-well plates. Once the cells reached 100% confluence, a
200 pl pipette tip was employed to create a scratch in the
cell monolayer. The wounds were infected with H101 at
a multiplicity of infection (MOI) of 0.05. Wound healing
was monitored at designated intervals over 48 hours.
Images were captured from five distinct angles per well
and analyzed using ImageJ software (version 1.52) to
measure the wound area. The percentage of wound
healing was quantified using the following formula:
[1-(Wound Area at Tt/Wound Area at T0)]x100%.
Transwell assays were used to evaluate cell migration
and invasion. For the migration assay, 10* cells were
plated in 100 pl of serum-free medium in 24-well inserts
(Corning, USA). For the invasion assay, cells were
plated on Matrigel-coated inserts (Beyotime, China).
To each insert, 100 pL of medium with H101 (MOI =
0.05) or serum-free medium was added. In the lower
chamber, 500 pL of medium with 10% FBS was used
as a chemoattractant. After 24 hours of incubation, non-
migrating or non-invading cells in the upper chamber
were removed using a cotton swab. Cells that had
migrated or invaded through the insert were fixed with
4% paraformaldehyde and stained with 0.1% crystal
violet. The number of migrating or invading cells in
three random fields was quantified under an inverted
microscope (Leica, Germany).

2.9. Cell apoptosis detection

Cells were harvested from one well of a 6-well plate.
Floating cells were collected in a centrifuge tube, and
adherent cells were digested with 0.25% trypsin to obtain
single cells, ensuring not to over-digest. The cells were
washed twice with PBS at 1000 rpm for 5 minutes. Cells
(1x10°) were resuspended in 500 uL of PBS (PH = 7.2)
and stored in 1.5 mL EP tubes for apoptosis detection.

2.10. Cell cycle detection

Cells were harvested from one well of a 6-well plate.
Floating cells were collected in a centrifuge tube. The
adherent cells were digested with 0.25% trypsin to obtain
single cells, again ensuring to avoid over-digestion. The
cells were washed twice with PBS at 1000 rpm for 5
minutes and resuspended in 100 pL of PBS. Slowly, 900
pL of pre-chilled 75% ethanol was added while gently
shaking to prevent cell aggregation. The cells were stored
at 4°C for 2-3 weeks. Flow cytometry analysis of cell
cycle and apoptosis was performed using a Attune NxT
flow cytometer (Thermo Fisher Scientific, USA), and

data were analyzed using Modfit software (version 4.1).
2.11. Cell proliferation assay

According to the manufacturer's instructions, the Cell
Count Kit-8 (CCK-8) (Topscience, China) was used
to conduct cell proliferation assays. 1x10* HCC97-H
and HCC-LM3 cells were seeded in 96-well plates and
infected with the virus as described in the virus growth
assays. At various time points (0, 24, 48, 72, and 96
hours), 10 uL of CCK-8 solution (mixed with 100 pL
DMEM medium) was added to each well and incubated
at 37°C for 1 hour. The optical density (OD) was
measured using a microplate reader (Bio-Rad, USA) at
450 nm.

2.12. Statistical analysis

Statistical comparisons were conducted using
Student's z-test for two-group Statistical comparisons
were conducted using Student's #-test for two-group
comparisons (with normality tested). One-way ANOVA
with post-hoc testing was employed for multiple group
comparisons. Survival analysis was carried out using
Kaplan-Meier curves and log-rank tests. Cox regression
analysis was performed for both univariate and
multivariate models. Statistical analyses were performed
using GraphPad Prism version 9.0 (GraphPad Software,
USA) for #-test and ANOVA, and SPSS version 26.0
(IBM, USA) for Kaplan—Meier survival analysis and
Cox regression.

3. Results

3.1. H101 inhibition of tumor growth and identification
of response-related genes

To assess the impact of oncolytic adenovirus H101 on
liver cancer growth, a subcutaneous Hepal-6 tumor
model was established in immunocompetent female
C57BL/6 mice. When the tumor volume approximated
80 mm’, H101 (1x10° PFU per dose, diluted in PBS)
was administered via intratumoral injection once daily
for three consecutive days, commencing on day 9.
Tumors were excised on day 14 for subsequent omics
analysis (n = 4 per group) (Figure 1a). In comparison
with the control group, the tumors in the H101-treated
group exhibited a substantial reduction in size at the
experimental endpoint (Figure 1b). Tumor growth curves
demonstrated that H101 treatment significantly impeded
tumor volume expansion (Figure lc), and the tumor
weight at the endpoint was also significantly decreased
(Figure 1d, two-tailed Student's ¢-test, p = 0.027). To
analyze the molecular characteristics of the tumors
subsequent to H101 treatment, RNA-seq and proteomics
analyses were conducted on tumor tissues (log2FC of
Transcriptomic = -0.9300, P-value of Transcriptomic
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When tumor volume reached ~80 mm?,
mice received intratumoral H101
(1x1078 PFU) once daily for 3
consecutive days.
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Figure 1. Intratumoral H101 suppresses Hepal-6 subcutaneous tumor growth and identifies PRXL2B through integrated transcriptomic
and proteomic analyses. (a) Schematic illustration of the experimental design. Female C57BL/6 mice were subcutaneously inoculated with Hepal-6
cells (2 x 10°). When tumors reached approximately 80 mm’, mice received intratumoral H101 injections (1 x 10* PFU) once daily for 3 consecutive
days beginning on day 9. Tumors were collected on day 14 for transcriptomic and proteomic analyses (n = 4 per group). (b) Representative images
of excised tumors collected at day 14. (¢) Tumor growth curves. Tumor volume was calculated as V = 0.5 x length x width®. (d) Tumor weights
at day 14. Data are presented as mean = SD with individual values. Statistical significance was determined using a two-tailed Student's #-test. (e)
Volcano plot of differentially expressed genes (DEGs) identified by RNA-seq analysis in H101-treated and PBS-treated tumors. (f) Volcano plot of
differentially expressed proteins identified by proteomic analysis in H101-treated and PBS-treated tumors. (g) Venn diagram showing the overlap
between transcriptomic and proteomic analyses, with PRXL2B highlighted. (h) KEGG pathway enrichment analysis of transcriptomic DEGs (h) and
differentially expressed proteins (i) The x-axis indicates the enrichment factor (GeneRatio). Dot size represents gene/protein counts, and dot color
indicates adjusted P values.
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=0.0200 and log2FC of Proteomic = -1.5327, p-value
of Proteomic = 0.0038). Volcano plots revealed a
considerable number of differentially expressed genes
(DEGs), with two genes being upregulated and one gene
being downregulated (Figure 1e). Significant differential
proteins were also detected through proteomics analysis
(Figure 1f). Further integration of RNA-seq DEGs with
differential proteins from proteomics yielded three
common candidate molecules (Figure 1g), suggesting
that these molecules could serve as stable core nodes
involved in the H101 response. Pathway enrichment
analysis indicated that the differential molecules were
predominantly enriched in tumor-associated signaling
pathways, with the PI3K/AKT pathway being one
of the significantly enriched pathways (Figure 1h-i).
This implies that the antitumor effects of H101 may be
regulated by this classical oncogenic pathway. Based
on the expression direction and potential biological
significance of the intersecting candidate molecules,
PRXL2B (Clorf93), which was downregulated
following H101 treatment, was selected as the key target
for further investigation. Integrated transcriptomic and
proteomic analyses identified PRXL2B as a candidate
gene associated with H101 treatment. Because PRXL2B
was consistently downregulated after H101 treatment and
showed potential biological relevance, it was selected for
further investigation.To further explore the role of PI3K/
AKT pathway in HCC progression, Gene Set Enrichment
Analysis (GSEA) was conducted on the transcriptomic
and proteomic data. The PI3K/AKT pathway was
significantly enriched, with high NES values and
low P-values, indicating its important role in tumor
progression and potential modulation by H101 therapy
(Supplementary Figure S1, https.//www.biosciencetrends.
com/action/getSupplementalData.php?ID=303).

3.2. Multi-omics analysis reveals PRXL2B upregulation
in HCC and its correlation with prognosis and PI3K/
AKT pathway activity

To explore the expression pattern and potential clinical
implications of PRXL2B in HCC, we initially analyzed
data from the TCGA database. Pan-cancer analysis
indicated that PRXL2B exhibited abnormal expression
across diverse cancer types, and a notable differential
expression was detected in the hepatocellular carcinoma
(LIHC/HCC) cohort (Figure 2a). In independent GEO
datasets (GSE54236, GSE144269), the expression of
PRXL2B was consistently elevated in HCC tissues
compared to non-tumor tissues (Figure 2b), suggesting
that PRXL2B may exert a promotional effect on HCC
development. We further assessed the relationship
between PRXL2B expression and disease progression,
as well as the activity of the PI3K/AKT pathway. Stage-
associated analysis revealed disparities in PRXL2B
expression among different clinical stages (Figure
2¢). Moreover, PRXL2B expression was significantly

correlated with the PI3K/AKT pathway activity score
(Figure 2c¢), which was in line with the observed
enrichment of the PI3K/AKT pathway in tumor omics
analysis. Kaplan—Meier survival analysis demonstrated a
significant association between PRXL2B expression and
overall survival (OS), disease-specific survival (DSS),
progression-free interval (PFI), and disease-free interval
(DFI) (Figure 2d). Spatial transcriptomics data further
indicated that PRXL2B signals were predominantly
localized in tumor regions rather than non-malignant
regions (Figure 2e-f), corroborating its expression profile
associated with tumor cells.

3.3. Clinical validation of PRXL2B upregulation and its
prognostic significance in HCC

To validate the expression of PRXL2B in clinical HCC
samples, an IHC analysis was conducted on a TMA
cohort comprising 84 paired tumor and adjacent non-
tumor tissue samples. The relationship between PRXL2B
expression and clinicopathologic features in 84 HCC
patients is presented in Table 1. The H-score of PRXL2B
was correlated with various clinical characteristics,
including age, gender, HBsAg status, AFP level, vascular
invasion, tumor size, differentiation, and stage (Figure
3a).The expression of PRXL2B was high in tumor
tissues, as evidenced by representative IHC images
(Figure 3b).The correlation between PRXL2B expression
and clinicopathological features was also analyzed. In
the clinical cohort, PRXL2B expression was associated
with overall survival; however, the statistical significance
of this correlation may vary depending on the selected
cutoff and follow-up duration (Figure 3c). When
compared with paired adjacent tissues, the H-scores
of PRXL2B were significantly higher in tumor tissues
(Figure 3d), indicating an upregulation of PRXL2B in
HCC tissues. Additionally, Western blotting of paired
tumor and adjacent tissue samples corroborated the
upregulation of PRXL2B protein expression in tumors
(Figure 3e). These clinical findings, in conjunction
with bioinformatics analysis, suggest that PRXL2B is
upregulated in HCC and may be associated with disease
progression and prognosis.

3.4. PRXL2B knockdown inhibits malignant phenotypes
and enhances H101 efficacy in vitro

To investigate the functional role of PRXL2B in HCC
cells, the protein expression of PRXL2B was initially
quantified in various liver cancer cell lines. Differential
expression of PRXL2B was detected among the HCC
cell lines (Figure 4a). MHCC97H and HCCLM3 cells
were chosen for subsequent functional studies. After
establishing PRXL2B knockdown models, the cells were
divided into the negative control (NC), shPRXL2B, and
shPRXL2B + H101 groups. The cells in these groups
were infected with H101 at a multiplicity of infection
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Figure 2. Multi-omics analyses support PRXL2B upregulation in HCC and its association with prognosis and PI3K/AKT pathway activity.
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Table 1. The relationship of PRXL2B expression with
clinicopathologic features in 84 HCC patients

Number of patients

Variables
PRXL2B low PRXL2B high
expression expression
Gender ns
Mele 38 28
Female 8 9
Age (Years) ns
> 60 9 12
=60 37 25
Differentiatation 0.029
Well/moderate 33 25
poor 12 12
AFP 0.035
=25 11 9
<25 34 28
Vascular Invasion 0.040
MVI (+) 18 14
MVI (-) 27 23
HBsAg ns
Positive 41 31
Negative
Cirrhosis ns
yes 29 29
no 16 8
Tumor size (cm) 0.032
=5 9 9
<5 36 28
BCLC stage 0.025
0/A 35 35
B/C/D 10 2

(MOI) of 0.05 for 96 hours. CCK-8 assays indicated that
the knockdown of PRXL2B significantly diminished cell
viability in both MHCC97H and HCCLM3 cells, and
the combined treatment with H101 further augmented
this inhibitory effect (Figure 4b—c). Transwell migration
and invasion assays additionally demonstrated that the
knockdown of PRXL2B significantly curtailed cell
migration and invasion in both cell lines (Figure 4d,f).
Wound healing assays presented consistent findings
(Figure 4e,g). Regarding mechanistic phenotypes, flow
cytometry revealed that the knockdown of PRXL2B
elevated the apoptosis rate (Figure 4h) and modified cell
cycle distribution, with G2 - phase arrest being observed
in HCCLM3 cells (Figure 41). These in vitro results
illustrate that the knockdown of PRXL2B significantly
suppresses the malignant phenotypes of HCC cells and
potentiates the antitumor effects of H101.

3.5. PRXL2B regulates AKT phosphorylation and PD-
L1 expression, enhancing in vivo antitumor efficacy

To further clarify the molecular mechanisms
underpinning PRXL2B knockdown, RNA-seq analysis
was performed on MHCC97H cells (biological
replicates3) under normal control (NC) and short hairpin
RNA targeting PRXL2B (shPRXL2B) conditions.
Differential analysis and volcano plots indicated the
presence of significant differentially expressed genes

(DEGs) subsequent to PRXL2B knockdown (Figure
5a). Enrichment analysis demonstrated that these DEGs
were significantly enriched in immune-related and tumor
signaling pathways (Figure 5b-c), and the programmed
death-ligand 1 (PD-L1) axis, which participates in
immune evasion, was identified as a potential target.
In light of the observed enrichment of the PI3K/AKT
pathway in our murine tumor data, we conducted further
investigations into the phosphorylation status of AKT
and the expression of PD-L1. Western blot analysis
demonstrated that knockdown of PRXL2B led to a
substantial reduction in p-AKT levels and down-regulated
PD-L1 expression, as compared with the negative control
(NC) group. The combined treatment with H101 further
augmented these effects (Figure 5d). Densitometric
quantification verified the consistent decline in PD-
L1 (normalized to GAPDH), PRXL2B (normalized
to GAPDH and expressed relative to NC), and the
p-AKT/AKT ratio (relative to NC) (Figure 5e—g). These
findings suggest that PRXL2B modulates the PI3K/AKT
pathway and PD-L1 expression, which is associated
with immune evasion and influences the response to
H101 treatment. Finally, the in-vivo antitumor effects
of PRXL2B knockdown in combination with H101
were validated within the Hepal-6 subcutaneous tumor
model. In comparison to the NC group, the growth rate
of tumors in the shPRXL2B group was notably slower.
Furthermore, the combination of PRXL2B knockdown
and H101 resulted in the most substantial reduction in
tumor volume and weight at the experimental endpoint
(Figure 5h—j). These in-vivo results, when integrated
with the in-vitro findings, imply that PRXL2B plays a
pivotal role in regulating the malignancy of HCC, and
its inhibition may augment the efficacy of oncolytic
virus therapy. To further validate the involvement of
the PI3K/AKT pathway and immune evasion in vivo,
immunohistochemical (IHC) staining was performed
on tumor tissues. As shown in Figure 5k, the expression
levels of p-AKT and PD-L1 were significantly decreased
in the shPRXL2B group compared with the NC group.
Quantitative analysis confirmed a consistent reduction
in both markers. These findings are consistent with the
in vitro Western blot results and further support that
PRXL2B regulates the PI3K/AKT pathway and PD-L1
expression in vivo (Figure 5k).

4. Discussion

This study identifies PRXL2B as a potential regulator of
hepatocellular carcinoma progression and the antitumor
efficacy of oncolytic adenovirus H101. Using integrated
transcriptomic and proteomic analyses, we found that
PRXL2B was consistently downregulated after H101
treatment in the murine tumor model, suggesting that
it may be involved in the tumor response to oncolytic
virotherapy. Functional assays further demonstrated that
PRXL2B knockdown inhibited HCC cell proliferation,
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Figure 3. Clinical validation of PRXL2B expression in HCC tissue microarrays and its association with clinicopathological features and
prognosis. (a) Correlation analysis between PRXL2B immunohistochemical staining (H-score) and clinicopathological characteristics in the
HCC tissue microarray cohort (n = 84). (b) Representative immunohistochemical staining images of PRXL2B expression in tumor and paired
adjacent tissues. Scale bars are indicated. (¢) Kaplan—-Meier overall survival analysis of PRXL2B expression in the LIHC cohort. (d) Comparison
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Figure 4. PRXL2B knockdown suppresses malignant phenotypes of HCC cells and enhances the effects of H101 ir vitro. (a) Western blot
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wound closure. (f) Transwell migration and invasion assays in HCCLM3 cells. (g) Wound healing assays in HCCLM3 cells at 0 h and 24 h, with
quantification of wound closure. (h) Flow cytometric analysis of apoptosis in HCCLM3 cells using Annexin V/PI staining. (i) Cell cycle distribution
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Figure 5. PRXL2B knockdown suppresses AKT signaling and PD-L1 expression and enhances the antitumor activity of H101. (a)
Volcano plot of DEGs identified by RNA-seq analysis in NC and shPRXL2B MHCC97H cells. (b) KEGG pathway enrichment analysis of DEGs
following PRXL2B knockdown. The x-axis indicates GeneRatio. Dot size represents gene counts, and dot color indicates adjusted p values. (c)
GO enrichment analysis of DEGs following PRXL2B knockdown. (d) Representative Western blots of PRXL2B, PD-L1, p-AKT, total AKT,
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migration, and invasion, promoted apoptosis, and
enhanced the antitumor effect of H101 both in vitro and
in vivo. These findings support a tumor-promoting role
of PRXL2B in HCC and suggest that PRXL2B may
represent a promising target for combination therapy
with oncolytic viruses.

In addition to PRXL2B-mediated effects, our
study highlights the therapeutic potential of H101 as
an oncolytic adenovirus in HCC. Oncolytic viruses
selectively replicate in tumor cells and induce tumor
lysis while stimulating antitumor immunity (/8).
H101 treatment alone can trigger immunogenic cell
death, recruit immune effector cells, and enhance
tumor antigen presentation, which may synergize with
immune checkpoint modulation (/9). The observed
downregulation of PRXL2B after H101 treatment
suggests that viral replication and the host response
may directly or indirectly modulate oncogenic signaling
pathways (20). These findings imply that combining
H101 with molecularly targeted interventions, such as
PRXL2B inhibition, could enhance tumor cell killing and
overcome intrinsic resistance mechanisms (27). Future
studies should further investigate the impact of H101
on the tumor microenvironment, including innate and
adaptive immune responses, and explore combination
strategies with immune checkpoint inhibitors to improve
therapeutic efficacy in HCC.

Our tissue-based validation and public dataset
analyses consistently showed that PRXL2B was
upregulated in HCC tissues. This finding is in line with
a potential oncogenic role of PRXL2B in liver cancer.
However, although PRXL2B expression was elevated
in tumors, its associations with clinicopathological
features and survival were not consistently significant in
our tissue microarray cohort. This discrepancy between
public dataset-based analyses and our clinical validation
cohort may be attributed to differences in sample size,
patient heterogeneity, cutoff selection, and follow-up
duration (22). Therefore, while PRXL2B appears to be
involved in HCC progression, its value as an independent
prognostic biomarker remains inconclusive and requires
further validation in larger and well-characterized clinical
cohorts.

Mechanistically, our data suggest that PRXL2B
may exert its effects through the PI3K/AKT/PD-L1
axis. PRXL2B knockdown reduced p-AKT and PD-L1
expression in HCC cells, indicating that PRXL2B may
contribute not only to tumor cell survival but also to
immune evasion. Because the PI3K/AKT pathway plays
a central role in tumor growth, survival, and therapeutic
resistance, its suppression after PRXL2B silencing
provides a plausible mechanistic basis for the observed
antitumor effects (23). In addition, the reduction in PD-
L1 expression suggests that PRXL2B may influence
the immunosuppressive phenotype of HCC, thereby
affecting responsiveness to oncolytic virus therapy. To
further support the in vivo relevance of this mechanism,

we supplemented immunohistochemical staining of
tumor tissues from the animal experiments. The results
showed that p-AKT and PD-L1 expression were
decreased in the shPRXL2B group compared with the
NC group, and were further reduced in the combination
treatment group, which was consistent with our Western
blot findings. These data strengthen the evidence that
PRXL2B regulates the PI3K/AKT/PD-L1 axis in vivo
and further support its involvement in tumor progression
and therapeutic response (24).

The combination of PRXL2B knockdown and
H101 produced the strongest antitumor effect in vivo,
suggesting that PRXL2B inhibition may enhance
the efficacy of oncolytic virotherapy (25). This
combinational strategy warrants further investigation.
Nevertheless, several limitations of this study should
be acknowledged. First, although PRXL2B was
upregulated in HCC, its clinical significance was not
consistently confirmed in our tissue microarray cohort.
Second, an H101-alone treatment group was not
included in the current study, which limits our ability
to fully distinguish the independent effect of H101
from its interaction with PRXL2B knockdown. Third,
although our data support the involvement of the PI3K/
AKT/PD-L1 axis, other signaling pathways, such as
NF-kB or JAK/STAT, may also participate in PRXL2B-
mediated regulation and deserve further study (26).
Overall, our findings indicate that PRXL.2B contributes
to HCC malignant progression and may modulate the
therapeutic response to H101. Future studies should
focus on validating PRXL2B in larger clinical cohorts,
clarifying its predictive value for oncolytic virus
therapy, and exploring whether PRXL2B-targeted
interventions can improve the efficacy of combination
treatment strategies in HCC.
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