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Abstract

Hepatocellular carcinoma (HCC) is the most common type of primary liver cancer with a high mortality
rate. Epithelial-to-mesenchymal transition (EMT) confers cancer cells with immune evasive ability by
modulating the expression of immune checkpoints in many cancers. Thus, the aim of our study is to
examine the interplay between EMT and immune checkpoint molecules in HCC. A reversible EMT model
was utilised with transforming growth factor (TGF)-G1 as an EMT inducer for HCC cell lines Hep3B and
PLC/PRF/5. HCC cells were treated with TGF-G1 for 72 h and the EMT status and immune checkpoint
expression were examined. In addition, the migratory ability of HCC cells were examined using wound
healing and transwell migration assays in the reversible EMT model. siRNA-mediated knockdown of
immune checkpoint molecule, B7-H3, was further utilised to validate the association between
TGF-B1-mediated EMT and immune checkpoint expression in HCC. In addition, a web-based platform,
SurvExpress, was utilised to evaluate the association between expression of TGF-B1 in combination with
immune checkpoint molecules and overall survival in HCC patients. We observed induction of EMT upon
treatment of HCC cells with TGF-f1 revealed by reduced expression of epithelial markers along with
increased expression of mesenchymal markers. Withdrawal of TGF-1 reversed the process of EMT with
elevated expression of epithelial markers and reduced expression of mesenchymal markers. TGF-81
treatment elevated the migratory potential of HCC cells which was reversed following reversal assay.
Notably, during TGF-B1-induced EMT, there was upregulation of immune checkpoint molecules PD-L1
and B7-H3. However, the reversal of EMT decreased the expression of PD-L1 and B7-H3. In addition,
TGF-B1 driven EMT was reversed following knockdown of B7-H3 in both HCC cells further validating
the interplay between TGF-G1-mediated EMT and immune checkpoint expression in HCC. Furthermore,
the coordinate expression of TGF-1 with PD-L1 (p=0.01487) and B7-H3 (p=0.009687) was correlated
with poor overall survival in 422 HCC patients. Our study has demonstrated a close association between
TGF-B1-mediated EMT and regulation of immune checkpoints in HCC.

Key words: immune checkpoint molecules, epithelial-to-mesenchymal transition, transforming growth factor-f1,
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Introduction

Hepatocellular carcinoma (HCC) constitutes the
majority of primary liver cancer, which is one of the
leading causes of cancer-related deaths and the sixth
most common cancer based on incidence [1, 2]. HCC
is a rapidly growing second most lethal tumour with
rate of mortality almost similar to the rate of incidence

[1-4]. HCC is frequently diagnosed in cirrhotic
patients with higher risk in patients with underlying
liver disease resulting mainly from hepatitis B or C
virus infection [2].

Sorafenib and Lenvatinib are the Food and Drug
Administration (FDA) approved first-line drugs for
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the treatment of advanced HCC. Regorafenib,
Ramucirab and Cabozantinib are the second-line
therapies for HCC patients previously treated with
Sorafenib. In addition, immunotherapeutic
approaches have been explored in recent years as an
alternative second-line treatment modality in HCC.
Cancer immunotherapy based on immune checkpoint
inhibition has transformed oncology treatment in
several cancers including HCC [5-7]. Immune
checkpoint inhibitors (ICIs) blocking programmed
cell death protein-1 (PD-1) such as Nivolumab and
Pembrolizumab have been approved for treatment of
HCC. Recently, the FDA has approved the
combination of Nivolumab with another checkpoint
inhibitor, Ipilimumab that targets cytotoxic
T-lymphocyte-associated protein 4 (CTLA-4), for
treatment of patients with advanced HCC previously
treated with Sorafenib [8]. In addition, the FDA has
also approved the combination of Atezolizumab, ICI
against programmed cell death protein ligand -1
(PD-L1), and Bevacizumab as first-line treatment for
HCC patients based on the response rates in the
IMbravel50 trial [9]. Studies have demonstrated that
immune  checkpoint  molecules are  often
overexpressed in HCC patients with poor prognosis
[10, 11]. However, the precise mechanism associated
with regulation of immune checkpoint molecules in
HCC is still unknown.

The process of epithelial-to-mesenchymal
transition (EMT) is a key step in cancer metastasis and
invasion that allows phenotypic conversion of cells to
gain migratory and invasive features [12-14]. EMT is a
major contributor to disease progression and drug
resistance in HCC [13, 15]. In addition, the reverse
process of mesenchymal-to-epithelial transition
(MET) allows tumour recurrence post migration and
invasion that is facilitated through the process of EMT
[16, 17]. In recent years, EMT has been closely
associated with expression and regulation of immune
checkpoint molecules in several cancers including
lung cancer [18-22], breast cancer [23-26], oesophageal
cancer [27], gastric cancer [27-29], salivary adenoid
cystic carcinoma [30], pancreatic cancer [31, 32] and
head and neck cancer [33]. Previously, we reported an
association between the process of EMT and the
expression of several immune checkpoint molecules
including PD-L1 in HCC [11, 34]. Notably, in HCC
patients a close association between EMT and
immune checkpoint molecules prognosticated a poor
survival [11, 34].

We have previously shown that cytokine,
tumour necrosis factor (TNF)-o, regulates expression
of immune checkpoint molecules in HCC [34]. In this
study, we have used another cytokine, transforming
growth factor (TGF)-B1, which is a potent inducer of

EMT in HCC cells [35-37]. Our study utilises a
reversible EMT model to examine the association
between TGF-Bl-driven EMT and regulation of
immune checkpoint molecules.

Materials and methods

Cell culture and reagents

Human HCC cell line PLC/PRF/5 was
purchased from CellBank Australia (85061113) and
Hep3B cells were sourced from Prof. V. Nathan
Subramaniam, The Queensland University of
Technology, Australia. Both cell lines were STR
profiled and mycoplasma-tested using the MycoAlert
test (Abm, Canada) and cultured as previously
described [34]. The cytokine TGF-B1 was purchased
from Peprotech, Australia.

EMT reversal assay

An in vitro reversible EMT model was utilised to
evaluate the interaction between immune checkpoint
molecule expression and EMT as previously
described [34]. Briefly, the HCC cells were treated
with TGF-pB1 for three days and reversal was induced
by growing the cells in a TGF-B1 free culture medium
for another three days to reverse EMT effects or
induce MET. Photographs were taken for cells under
all three conditions (Control, EMT and MET) using an
inverted microscope equipped with a digital camera
(Olympus DP21, Japan).

Wound healing assay

Cells were seeded into a 24 well plate and
allowed to reach confluency. A scratch or wound was
made using a sterile pipette tip and washed with
1XPBS. 500 pl fresh culture medium was added into
the wells and the photographs were taken at the
indicated time points under an inverted microscope
equipped with a digital camera (Olympus DP21,
Japan). For better contrast, images have been
enhanced by false colour background using Fiji
plug-in for Image J software version 1.53c.

Transwell migration assay

Transwell chambers (8 um pore size, Corning,
Australia) were utilised for the transwell migration
assay. 1X10° cells were seeded into the upper chamber
in a serum free DMEM culture medium. 500 pl of
DMEM culture medium with 10% FBS was added into
the lower chamber as the chemoattractant. After 24 h
incubation at 37 °C, cells were fixed with 4%
paraformaldehyde (Fisher Scientific, Australia) for 15
min. The fixed cells were then stained with 0.1%
Crystal Violet (Sigma-Aldrich). The cells on the upper
chamber were removed and the migrated cells on the
lower chamber were photographed under an inverted

http://www.medsci.org



Int. J. Med. Sci. 2021, Vol. 18

2468

microscope equipped with a digital camera (Olympus
DP21, Japan).

RNA extraction and cDNA synthesis

RNA extraction was performed with Isolate II
Bioline RNA synthesis kit (Bioline, Australia) as per
the manufacturer’s protocol as described previously
[38]. Nanodrop 2000c (Thermofisher, Australia) was
utilised to confirm the purity and concentration of
RNA. Bioline SensiFAST cDNA synthesis kit (Bioline,
Australia) was used to reverse transcribe 1 ng RNA
into cDNA.

Quantitative reverse transcription-PCR
(qRT-PCR)

qRT-PCR was performed using Lo-ROX SYBR
Green (Bioline, Australia) on a ViiA7 Applied
Biosystems Real-Time PCR system as described
previously [38]. Data was analysed using the 2AACt
method where ActB was assigned as the
housekeeping gene. In this 2AACt method, target gene
expression was normalized to ActB expression and
data are presented as copies of target gene per 10,000
copies of ActB. The sequence for the primers used for
qRT-PCR is detailed in previous study [34]. The
primer sequence not mentioned is listed as follows:
Snail forward: GCTGCAGGACTCTAATCCAGA;
Snail reverse: ATCTCCGGAGGTGGGATG.

Protein isolation and western blot analysis

The protein isolation and western blot analysis
were performed as previously described [34]. Briefly,
cells cultured and treated in 6 well plates were lysed
using RIPA buffer (Thermofisher, Australia) with
Complete (Roche, Australia) and phosSTOP (Roche,
Australia) protease and phosphatase inhibitors at 4°C
to isolate the total protein. A Pierce BCA protein assay
kit (Thermofisher, Australia) was used to measure the
total protein extracted. 10 pg of protein was used for
separation by electrophoresis (SDS-PAGE) in a
polyacrylamide gel in the presence of sodium dodecyl
sulphate (SDS) and transferred to a polyvinylidene
difluoride film (PVDF) membrane. After blocking
with 5% skim milk in Tris-buffered saline containing
01% Tween 20 (IBS-T), the membranes were
incubated with primary antibodies at 4 °C overnight.
The protein was detected using an enhanced
chemiluminescence reagent, SuperSignal West Femto
Maximum Sensitivity =~ Substrate (Thermofisher,
Australia) following incubation with HRP-conjugated
secondary antibodies. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was wused as the
housekeeping control. Quant LAS 500 was used to
capture images and quantified with Image Studio Lite
Ver 52 software. Antibodies used are listed in
previous study [34] and B-Actin (Cat. No. 4967s, Cell

Signaling) at dilution of 1:2000.

Immunofluorescence

Immunofluorescence staining was performed as
previously described [34]. Briefly, the cells were
cultured in 8 well tissue culture treated chamber
slides. The cells were then washed with PBS, fixed
with 4% paraformaldehyde (Fisher scientific,
Australia) for 15 min and permeabilized with 0.1%
Triton X-100 (Sigma-Aldrich, Australia). 5% FBS was
used as blocking buffer and then the cells were
incubated overnight with primary antibodies at 4 °C.
The cells were then washed with PBS, incubated with
secondary antibodies at room temperature followed
by 10 min incubation with 4’,6-diamidino-2-phenyl-
indole (DAPI) (Thermofisher Scientific, Australia).
The slides were then mounted in ProLong Diamond
(Thermofisher Scientific, Australia) for observation
with Nikon C2 system and captured and analysed
with NIS-Elements software (Nikon, Australia).
Antibodies used are listed in previous study [34].

B7-H3 knockdown

Cells were transfected at 50% confluency for
transient siRNA transfection using a control siRNA
(4390843) (Thermofisher, Australia), GAPDH siRNA
(4390849) and two different silencer select siRNAs
targeting B7-H3 (s37290 and s37288) (Thermofisher,
Australia) at 10 nM final concentration with
Lipofectamine RNAIMAX (Invitrogen, Australia)
according to manufacturer’s protocol. Cells were
incubated with siRNA complex for 72 hours and then
collected for further experiments.

SurvExpress bioinformatics tool

HCC patient datasets were subjected to survival
analyses with SurvExpress tool, as previously
described [11]. Briefly, the HCC patient database,
TCGA-Liver-Cancer with 422 patients was analysed
[11, 39-41]. Using cox regression analyses, we
evaluated the coordinate gene expression of TGF-f1
and immune checkpoint molecules to explore their
association with the survival of HCC patients [11].
The survival times was assessed with Kaplan-Meier
curves [11].

Statistical analysis

Experimental data are presented as mean with
standard error of mean (SEM). Prism software version
8.00 (GraphPad Software Inc) was used for the
statistical analyses. One-way analysis of variance
(ANOVA) followed by Dunnet's multiple
comparisons test was used for analysis of dose
concentration and time course experiments.
Comparisons of were performed using In addition,
ANOVA followed by Sidak’s multiple comparisons
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test was used for comparisons of TGF-Bl-induced
EMT and MET following reversal assay. Gene
expression differences between control and TGF-f1
treated cells were analysed using Student’s t-test.
Statistical significance was set at P<0.05. Error bars
indicate standard error of the mean (SEM).

A log-rank test was used for testing the P value
of survival curves for analysis of survival with
SurvExpress. Deviance residuals were applied for the
correlation coefficient [11, 42]. Cox model was applied
to estimate the hazard ratio (HR) between the groups
[11].

Results

Human HCC cells undergo EMT with TGF-B1
treatment

To examine the induction of EMT by TGF-$1,
Hep3B and PLC/PRF/5 cells were treated with
various doses of TGF-§1 at different time points. The
induction of EMT was evaluated by decreased
expression of epithelial markers (E-cadherin and
Occludin) and increased expression of mesenchymal
markers (N-cadherin, Vimentin, Snail and Fibronectin).
We observed an optimal induction of EMT in Hep3B
cells at the concentration of 10 ng/ml of TGF-f1
(Supplementary Fig. S1A) and thus we utilised 10
ng/ml of TGF-B1 for EMT induction in Hep3B cells
throughout this study. In addition, we observed
robust EMT changes at 72 h post treatment of Hep3B
cells with 10 ng/ml of TGF-f1 with the maximum
decrease in the expression of epithelial markers
E-cadherin and Occludin and the maximum increase in
the expression of majority of mesenchymal markers
N-cadherin, Vimentin and Snail (Supplementary Fig.
S1B) and selected the time point of 72 h for TGF-f1
treatment as optimum for this study. Similarly, we
also demonstrated that TGF-f1 induces optimal EMT
in PLC/PRF/5 cells treated for 72 h with a
concentration of 10 ng/ml of TGF-B1 (Supplementary
Fig. S2A). In addition, time course experiment
reported optimal EMT induction with 10 ng/ml of
TGF-B1 treatment in PLC/PRF/5 cells for 72 h
(Supplementary Fig. S52B). The induction of EMT in
both Hep3B and PLC/PRF/5 cells treated with
TGF-B1 was further validated by western blot analysis
(Supplementary Fig. S3A and B). Both cell lines
demonstrated an upregulation of epithelial markers
and downregulation of mesenchymal markers at
protein level consistent with EMT changes.

TGF-B1 induces upregulation of immune
checkpoint molecules

Previously, we have shown that immune
checkpoint  modulators, PD-L1 and B7-H3

prognosticates a poor outcome in HCC patients [11].
To determine the effect of TGF-B1-mediated EMT on
expression of these immune checkpoint molecules, we
treated Hep3B and PLC/PRF/5 cells with 10 ng/ml of
TGEF-B1 for 72 h. We observed the upregulation of
these immune checkpoint molecules in both Hep3B
(Fig. 1A-B) and PLC/PRF/5 (Fig. 1C-D) cells as
demonstrated by qRT-PCR and western blot analysis.

Abrogation of migratory ability of HCC cells
upon reversal of TGF-B1-induced EMT

We utilised an in vitro EMT reversal model to
induce EMT in a reversible manner in HCC cells. The
qRT-PCR results demonstrated the occurrence of EMT
post TGF-f1 treatment consistent with the reduced
expression of epithelial markers (E-cadherin and
Occludin) and concomitant increased expression of
mesenchymal markers (N-cadherin, Vimentin, Snail
and Fibronectin). The removal of TGF-f1 induced the
cells to undergo an MET consistent with upregulation
of epithelial markers (E-cadherin and Occludin) and
downregulation of mesenchymal markers (N-cadherin,
Vimentin, Snail and Fibronectin) in Hep3B (Fig. 2A) and
PLC/PRF/5 (Fig. 2B) cells. The reversible process of
EMT and MET was further confirmed by
immunofluorescence and western blot analysis in
Hep3B (Fig. 3A-B) and PLC/PRF/5 (Fig. 4A-B) cells.

As the process of EMT is involved in tumour
metastasis, the migratory ability of HCC cells were
compared upon treatment with TGF-B1 and reversal
assay using wound healing and transwell migration
assay along with observation of morphology changes.
We observed morphological changes in both Hep3B
and PLC/PRF/5 during the process of EMT and MET
(Fig. 5A). During EMT, cells appear to be
fibroblast-like and elongated and during MET, they
display a cobblestone morphology similar to the
untreated control cells. Furthermore, we observed
that TGF-fl-induced EMT enhances the migratory
ability of Hep3B and PLC/PRF/5 cells whereas the
reversal assay reduces the motility both Hep3B and
PLC/PRF/5 cells as demonstrated by transwell
migration assay (Fig. 5B) and wound healing assay
(Fig. 5C). The EMT marker changes together with the
functional changes observed in HCC cells in the
reversible EMT model makes this assay a robust in
vitro tool to investigate the changes associated with
the EMT status.

Reversal of EMT reverses expression of
immune checkpoint molecules

To examine whether the expression of immune
checkpoint molecules were altered with EMT status,
we utilised the reversible EMT assay. We observed
downregulation of PD-L1 and B7-H3 following EMT
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reversal assay as demonstrated by qRT-PCR,
immunofluorescence staining and western blot
analysis in Hep3B (Fig. 6A-C) and PLC/PRF/5 (Fig.
7A-C) cells. The changes in EMT status affects the
expression of immune checkpoint molecules
suggesting a role for TGF-f1 in the regulation of
immune checkpoint molecules PD-L1 and B7-H3.

Knockdown of B7-H3 can reverse
TGF-B1-induced EMT in HCC cells

To further validate the association between
TGF-Bl-induced EMT and expression of immune
checkpoint molecules such as B7-H3, we utilised two
different siRNAs to silence the expression of B7-H3.
The efficacy of B7-H3 knockdown was confirmed by
qRT-PCR and western blot analysis in both Hep3B
(Supplementary Fig. S4A-B) and PLC/PRF/5
(Supplementary Fig. S4C-D) cells. Next, we examined
the effects of siRNA-mediated silencing of B7-H3 on
expression of EMT markers to validate the
aforementioned association between EMT and
immune checkpoint expression. Interestingly, we
observed reversal of TGF-B1-mediated EMT following
B7-H3 knockdown evident by upregulation of
epithelial marker E-cadherin and downregulation of
mesenchymal marker Vimentin as revealed by
qRT-PCR and western blot analysis in both Hep3B
(Fig. 8A-B) and PLC/PRF/5 (Fig. 8C-D) cells.
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This relationship between TGEF-f1-mediated
EMT and expression of immune checkpoint molecules
was further validated at functional level with
transwell migration. We observed reduced migration
of cells following siRNA-mediated knockdown of
B7-H3 (Fig. 9). This further justified our hypothesis on
the significant association between TGF-B1-mediated

EMT and immune checkpoint molecule expression in
HCC.

Coordinate expression of TGF-1 and immune
checkpoint molecules in HCC patients

We utilised TCGA-Liver-Cancer HCC database
with 422 HCC patients within Survexpress to assess
the association between coordinate expression of
TGF-p1 and immune checkpoint molecules with
overall survival in HCC patients. We observed that
the coordinate expression of TGF-f1 in combination
with PD-L1 resulted in a significantly poorer overall
survival in 422 patients (HR: 1.51, CL: 1.08~2.12,
Log-Rank Equal Curves p=0.01487) (Fig. 10A).
Similarly, the combination of TGF-p1 with B7-H3
showed significant poorer overall survival (HR: 1.59,
CL: 1.11~2.25, Log-Rank Equal Curves p=0.009687)
(Fig. 10B). This data suggests that a significant
correlation of TGF-f1 with PD-L1 and B7-H3 in HCC
patients prognosticates a poor outcome.
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molecules during EMT and MET. In addition, we also

observed that HCC
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TGEF- signalling plays a key role in the process  implicated in all the stages of disease progression,
of EMT and carcinogenesis in several cancers [43, 44].  from inflammation to cirrhosis to carcinoma [45, 46].
In hepatocarcinogenesis, TGF-B signalling has been = TGF-B is a widely studied EMT inducer that regulates
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EMT-transcription factors (EMT-TFs) [46, 47]. Several
in vitro studies have utilised TGF-B for inducing EMT
in HCC [37, 48-50]. In addition, studies have
demonstrated reversible induction of EMT with
cytokine TNF-o [34] or combination of TGF-f1 and
TNF-o [18]. The present study utilised TGF-f1 as a
reversible EMT inducer in human HCC cells, Hep3B
and PLC/PRF/5. Our study is the first to explore the
association of TGF-f1-induced EMT and expression of
immune checkpoint molecules in HCC.

Immunotherapeutic approaches based on ICIs
have revolutionized the cancer treatment scenario by
modulating the patient’'s immune system to combat
the tumour [51, 52]. Several ICI drugs targeting
CTLA-4 or PD-1/PD-L1 interaction have been
approved by the FDA for various cancer types
including melanoma, lung cancer, renal cell
carcinoma, breast cancer, head and neck cancer,
colorectal cancer, urothelial cancer and HCC [18-33].
Despite the approval of few ICIs and several ongoing
clinical trials, ICIs as a monotherapy have failed to
show promising result as first-line treatment in HCC
compared to Sorafenib [53, 54]. In addition, the
response of HCC patients to ICIs may be affected by
several molecular features including genetic
alterations, variation in inflammatory infiltrates,
microsatellite instability (MSI) and expression of
alternative immune checkpoint molecules [53, 55, 56].
Thus, there is a need for identification of robust
predictive biomarkers along with combined ICI
therapeutic approaches for enhanced clinical outcome
in HCC patients [53].

Tissue-agnostic biomarkers such as tumour
mutation burden (TMB) and MSI have been examined
for cancer immunotherapy [57-59]. TMB has been
utilised as a predictive biomarker in cancer
immunotherapy in several studies [11, 60-62]. Our
previous study demonstrated significant association
of TMB with poor clinical outcomes in HCC patients
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[11]. Recently, FDA has approved Pembrolizumab, an
anti-PD-1 ICI, for the treatment of tumour mutational
burden-high (TMB-H) cancers based on KEYNOTE-
158 study [63]. This approval of Pembrolizumab for
TMB-H cancers is subsequent to previous FDA
approval of the drug in MSI-high (MSI-H) or
mismatch repair deficient (AIMMR) cancers [64]. Thus,
genetic and immunogenic features of tumour should
be considered with use of tissue-agnostic biomarkers
before the selection of ICIs for cancer immunotherapy.

The HCC TME includes cancer cells, immune
cells [T-cells, B-cells, dendritic cells, myeloid-derived
suppressor  cells (MDSCs), tumor-associated
macrophages (TAMs)], carcinoma-associated
fibroblasts, endothelial cells, hepatic stellate cells, and
the extracellular matrix (ECM) [65]. As the TME is a
crucial facilitator of HCC progression and resistance
to immunotherapies, much of the recent research is
focused on the various components of the TME to
identify predictive and prognostic biomarkers for ICI
treatment in HCC patients [56, 66]. For instance, a
study developed a prognostic biomarker for
immunotherapy comprising of eight gene risk
signature based on hypoxia status in the TME of HCC
patient [56]. Another study reported CD38 expression
within the TME including tumour and certain
immune subsets, such as macrophages as a predictive
marker of responsiveness to anti-PD-1/PD-L1 single
agent treatment in HCC patients [66]. HCC TME is
rich source of soluble factors and cytokines that can
regulate the expression of immune checkpoints and
can be utilised as prognostic biomarkers [67]. Thus,
further investigation of potential biomarkers that
predict the efficacy of ICI treatment in HCC patients is
of the wutmost importance. Furthermore, it is
important to examine the mechanism underlying the
poor response and therapy resistance to ICI
monotherapies to improve therapeutic efficacy in
cancer therapy.The process of EMT is known to
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Figure 10. Coordinate expression of TGF-B1 and immune checkpoint molecules in HCC patients. Kaplan-Meier survival curves demonstrating the (A) gene
expression of TGF-B1/PD-L1 and overall survival, and (B) gene expression of TGF-(1/B7-H3 and overall survival in HCC patient samples. Red curve represents high-risk group,
while green curve represents low-risk group [11]. Markers (+) represent censoring samples. X-axis represents the study time in days. Y-axis represents survival probability.
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influence immune evasion of tumour cells
contributing to  immunosuppression through
regulation of immune checkpoint molecules [52, 68,
69]. EMT is closely associated with immune
checkpoint-dependent immunosuppression resulting
in aggressive and drug resistant tumours [52, 70-72].
As previously mentioned, EMT is known to regulate
immune checkpoint molecules, in particular PD-L1, in
several cancers. In recent years, studies have explored
several aspects of EMT process responsible for
regulation of immune checkpoint molecules, tumour
microenvironment and prognosis [33, 70, 73, 74].

This study reported that TGF-B1-mediated EMT
promotes migratory ability and enhances expression
of PD-L1 and B7-H3 in human HCC cells, Hep3B and
PLC/PRF/5. In HCC, we have previously reported a
significant association of PD-L1 expression with EMT
phenotype characterised by lower expression of
epithelial marker E-cadherin and higher expression of
mesenchymal marker Vimentin in 422 patients [11].
Other studies have reported a close association
between EMT and PD-L1 in various cancers. A study
by Asgarova et al reported that cytokines TNF-a and
TGEF-B1 regulates PD-L1 expression in non-small cell
lung carcinoma [18]. A study in gastric carcinoma
demonstrated that TGF-B1 promotes motility and
PD-L1 expression via NF-xB activation [28]. Similarly,
another study revealed that TGF-Bl-mediated EMT
enhances PD-L1 expression in head and neck
squamous cell carcinoma [33]. Furthermore, a study
in pancreatic carcinoma revealed that TGF-§
upregulates the expression of PD-L1 via both Smad
2/3-dependent and independent pathways along
with increased migration and invasion in vitro [32].
The study also reported that PD-L1 expression
induces Snail transcription factors which results in
TGF-B-mediated EMT [32]. Likewise, another
interesting study by David et al examined PD-L1
expression through TGF-B-induced EMT by utilizing
M7824, a bifunctional fusion protein, inhibiting TGF-f
and PD-L1 [19]. Besides EMT associated with TGF-,
the regulation of immune checkpoints are associated
with some inflammatory cytokines such as
interferon-y (IFN-y), TNF-a and interleukin-17 (IL-17)
in various cancer types [31, 75]. Studies have reported
other mechanisms of EMT that regulates PD-L1
expression such as EGF-induced EGFR activation [30];
ZEB1 and miR-200-mediated EMT [26, 70], Ataxia
Telangiectasia Mutated (ATM) through JAK/STAT3
signalling activation [22].

In addition to PD-L1, we have reported TGF-$1-
induced EMT mediated upregulation of another
immune checkpoint molecule, B7-H3 in HCC cells
[34]. We have previously reported upregulation of
B7-H3 expression via TNF-a-mediated EMT in HCC

cells [34]. B7-H3 is often overexpressed in cancer types
characterised by increased proliferation and invasive
potential such as liver, bladder, esophageal, breast,
cervical, glioma, colorectal and gastric cancer [76]. A
study in HCC revealed that B7-H3 promotes
metastasis and invasion of HCC cells by undergoing
EMT via JAK2/STAT2/Slug signalling pathway and
elevated B7-H3 expression is correlated with poor
clinical outcomes in HCC patients [77]. B7-H3 has also
been reported to induce EMT and cancer stemness in
colorectal cancer [78], induce cell invasion and sphere
formation in glioma cells [79] and regulate
cancer-initiating cells in ovarian cancer [80].

EMT is known to be significantly associated with
overexpression of multiple immune checkpoint
molecules resulting in immunosuppression [21]. A
study demonstrated close link between EMT score
and expression of panel of immune checkpoint
molecules including PD-1, PD-L1, B7-H3, PD-L2 and
others [69, 81]. A study by Lou et al reported strong
association between EMT and upregulation of
multiple immune checkpoint molecules including
PD-1, CTLA-4, PD-L1, B7-H3, PD-L2, BTLA, and
TIM-3 in lung adenocarcinoma [82]. Another study in
head and neck squamous cell carcinoma also
suggested that an EMT gene signature with a total of
82 genes was closely associated with prognosis and
expression of immune checkpoint molecules [33].
Similarly Thompson et al suggested that gene
signatures reflecting immune infiltration and EMT
may be crucial in predicting patient’s response to
immunotherapy in lung cancer [83].

A few other studies have explored the regulation
of immune checkpoint molecules in HCC by
cytokines. These studies did not evaluate the EMT
status and the role of EMT in modulating immune
checkpoint molecules. One of the studies
demonstrated that combined blocking of TGF-p and
PD-L1 improved the immune response against
tumour [84]. It has been reported that TNF-a and
IFN-y enhance the expression of PD-L1 synergistically
in HCC cells [85].

Failure of immune checkpoint therapy also
results from expression of alternative immune
checkpoint molecules such as TIM-3, LAG-3, IDO-1
and VISTA [55]. Brown et al have reported resistance
to ICIs (anti-PD-1 and anti-CTLA-4) through
upregulation of alternative immune checkpoint IDO-1
in HCC patients [86]. Inhibition of IDO-1 resulted in
enhancing the therapeutic efficacy of ICIs suggesting
combination approach in HCC [86].

Our study provides valuable insight into
regulation of immune checkpoint molecules PD-L1
and B7-H3 through TGF-fl-induced EMT that may
result in an aggressive tumour phenotype and
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therapy resistance. Furthermore, HCC patients
showing coordinate expression of TGF-f1 with PD-L1
or B7-H3 have poor overall survival. Hence, it is
conceivable that by using combination approach by
targeting TGF-B1-induced EMT along with ICIs such
as PD-L1 and/or B7-H3 may lead to better clinical
outcome in HCC patients. Moreover, this study
suggests that EMT markers may be useful biomarkers
to predict patient response in ICI immunotherapy as
EMT status is closely associated with the expression of
immune checkpoint molecules. However, further
studies to determine molecular mechanisms involved
in regulation of immune checkpoints and its
association with EMT are warranted.
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