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ABSTRACT

Context: Astragalus polysaccharide (APS) is a new tumour therapeutic drug, that has an inhibitory effect
on a variety of solid tumours. Tumour cell immunosuppression is related to the up-regulation of pro-
grammed death ligand 1 (PD-L1). However, whether APS exerts its antitumor effect by regulating PD-L1
remains unclear.

Objective: To explore whether APS exerts its antineoplastic effect via regulating PD-L1-mediated
immunosuppression in hepatocellular carcinoma (HCC).

Materials and methods: SMMC-7721 cells were subcutaneous injected into BALB/C mice for HCC model
establishment. Mice were intraperitoneally injected with 100, 200 and 400mg/kg APS for 12days.
Immunohistochemistry (IHC) was performed to assess CD8" T cells’ rate and PD-L1 level in HCC tissues.
HCC cells were pre-treated with 0.1, 0.5 and 1 mg/mL APS for 4 h, then were treated with 10 ng/mL IFN-y
24h. PD-L1 level and cell apoptosis was detected by flow cytometry. PD-L1 and Moesin (MSN) proteins
were measured by western blot. MiR-133a-3p and MSN mRNA levels were assessed by qRT-PCR. The tar-
gets of miR-133a-3p were predicted by starBase, and which was verified by dual-luciferase reporter assay.
Results: Our findings illustrated that APS dose-dependently inhibited HCC growth tested with 1Cs, values
of 42mg/mL, and IFN-y-induced PD-L1 expression and attenuated PD-L1-mediated immunosuppression
in HCC cells. APS attenuated PD-L1-mediated immunosuppression via miR-133a-3p in HCC cells. Besides,
miR-133a-3p targeted to MSN, and MSN inhibited the antitumor effect of APS by maintaining the stability
of PD-L1. Moreover, APS attenuated PD-L1-mediated immunosuppression via the miR-133a-3p/MSN axis.
Conclusions: APS attenuated PD-L1-mediated immunosuppression via miR-133a-3p/MSN axis to develop
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an antitumor effect. APS may be an effective drug for HCC treatment.

Introduction

Hepatocellular carcinoma (HCC) is responsible for the third
most common cancer-related death worldwide (Ince et al. 2020).
Researches showed that there are many factors that cause HCC,
such as HBV and the coronavirus disease 2019 (COVID-19)
(Baskiran et al. 2020; Akbulut et al. 2022). Moreover, HCC is a
common malignant tumour with high morbidity and mortality
(Chen et al. 2020). With the continuous improvement of medical
care, the treatment of HCC has made some progress, but the
5-year survival rate of patients remains less than ideal. HCC ser-
iously affects human health and brings huge economic burden.
Moreover, HCC is an insidious tumour that is often diagnosed
in a later stage of life. The tumour microenvironment is the key
to tumorigenesis and progression. Many cellular and non-cellular
components orchestrate the intricate process of hepatocarcino-
genesis. The most important feature of hepatocellular cancer is
the immune evasion process (Huang et al. 2020; Ince et al. 2020;
Satilmis et al. 2021). It is reported that the expression pattern of
programmed death-1 ligand 1 (PD-L1) in tumour cells or mono-
cyte/macrophage (Mo/M@s) is a predictive biomarker of HCC

patients (Kudo 2020). Furthermore, studies indicated that in the
tumour microenvironment, PD-L1 is regulated via interferon-y
(IEN-y). For example, IFN-y produced by tumour infiltrating
lymphocytes (TIL) activate the AK/STAT pathway by activating
the receptor, and eventually modulate PD-L1 expression through
the activated JAK/STAT pathway (Blank et al. 2004; Spranger
et al. 2013). In short, PD-L1 mediated immunosuppression has
been confirmed. Therefore, to explore drugs that reduce IFN-
v-induced PD-L1 expression can effectively restore the function
of killer T cells, which is expected to contribute to the immuno-
therapy of HCC. Astragalus polysaccharide (APS) is the main
compound derived from the genus Astragalus commonly used in
many herbal formulations, which is widely used to treat a variety
of diseases (Auyeung et al. 2016). It is reported that APS has a
variety of functions, including immunomodulatory and antitu-
mor functions. Yang et al. (2020) demonstrated that APS inhibits
breast cancer progression through the Wnt/B-catenin pathway.
In pancreatic cancer, APS exerts its antitumor effect by reducing
the levels of AKT, ERK and MMP-9 (Wu et al. 2018).
Furthermore, APS plays an antitumor role via regulating
the secretion of cytokines to regulate the immune system
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(Li et al. 2020). In lung adenocarcinoma, APS reverses epithelial-
mesenchymal transition through the PD-L1/SREBP-1/EMT signal
pathway (Wei et al. 2020). Hwang et al. (2021) suggest that APS
serves as a local sticky adjuvant to improve the anticancer effect
of PD-L1 immune checkpoint inhibitors. Although the mechan-
ism of antitumor effect of APS by regulating PD-L1 expression
has been preliminarily reported, whether APS plays an antitumor
effect through PD-L1 in HCC remains unclear.

As is well-known, the human genome contains a large num-
ber of non-coding sequences, which can be divided into
microRNA (miRNAs) with a length of about 18-22bp and long
non-coding RNAs (IncRNAs) greater than 200bp in length
(Nallasamy et al. 2018). The 3’ untranslated regions (3-UTR) of
mRNA was bound by miRNAs to participate in the post-tran-
scriptional regulation of many genes (Ding et al. 2020). It is
reported that a large number of miRNAs are involved in the
regulation of HCC progression, including miR-15b-5p, miR-338-
5p and miR-764, etc. (Chen et al. 2015). Furthermore, the mech-
anism of miRNAs regulating tumour immunosuppression by reg-
ulating PD-L1 has been elucidated preliminarily. Cristino et al.
(2019) reported that miR-BHRF1-2-5p binds PD-L1 and PD-L2
3’-UTR reducing PD-L1/L2 and attenuating immunosuppression
in diffuse large B-cell lymphoma (DLBCLs). MiR-let-7 inactivates
CD8" T cells via regulating PD-L1 to contribute to immune
escape of NSCLC cells (Zhao et al. 2019). MiR-133a-3p’s mech-
anism of action in tumours has also been widely reported,
including oral squamous cell carcinoma (OSCC), prostate cancer,
and HCC (He et al. 2018; Liang et al. 2018; Tang et al. 2018).
Liang et al. (2018) showed that miR-133a-3p was decreased in
HCC and serves as a vital marker for the diagnosis of hepatocel-
lular carcinoma. Han et al. (2020) found that miR-133a-3p regu-
lates HCC progression by targeting COROI1C. In total, the
mechanism of miRNAs regulating tumour immunosuppression
by regulating PD-L1 has been elucidated preliminarily, and miR-
133a-3p was decreased in HCC and serves as a vital marker for
the diagnosis of HCC. Hoverer, whether miR-133a-3p partici-
pates in PD-L1-mediated immunosuppression of HCC remains
unclear.

As an important member of the ezrin, radixin and Moesin
(MSN) families, MSN participates in the regulation of cell sur-
face structure and specific membrane domains (Fehon et al.
2010). It is reported that MSN exists not only in the cell mem-
brane and cytoplasm, but also in the nucleus, which is closely
related to the fact that MSN promotes breast cancer development
(Qin et al. 2020). Increasing evidence shows that overexpressed
MSN is related to tumour metastasis and poor prognosis in
tumour patients. Barros et al. (2018) showed that MSN is up-
regulated in oral cancer and served as a prognostic marker or
therapeutic target. MSN expression in pancreatic carcinoma was
related to tumour pathological stage, nerve infiltration and pain
degree of tumour site (Liang et al. 2019). Hoverer, role and its
underlying mechanism of MSN in HCC remains unclear.
Furthermore, Meng et al. (2020) indicated that MSN is necessary
for the stability of PD-L1 in breast cancer. Moreover, at the
beginning of the study, starBase was applied to predict the
downstream targets of miR-133a-3p. Results showed that there
was a binding site between miR-133a-3p and MSN. Therefore,
we explored whether miR-133a-3p participates in PD-L1-medi-
ated immunosuppression of HCC by targeting MSN. Previous
findings suggest that APS plays an antitumor effect via regulating
PD-L1. However, whether miR-133a-3p regulates PD-L1-medi-
ated immunosuppression to exert antitumor effect remains
unclear. In this paper, we hypothesised that APS attenuated PD-
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L1-mediated immunosuppression via the miR-133a-3p/MSN axis
in HCC. We clarified the potential mechanism of antitumor
effect of APS in HCC.

Materials and methods
Animal model

SMMC-7721 cells (1 x 10° cells per mouse, Peking Union Cell
Bank, Beijing, China) were injected into BALB/C mice through
subcutaneous injection for HCC model establishment. Following
24h, HCC BALB/C mice were divided into 4 groups (n=26).
Control group, HCC BALB/C mice were untreated; APS groups,
HCC BALB/C mice were injected with APS 100, 200 and
400 mg/kg (Sigma Chemicals), respectively. BALB/C mice were
injected continuously for 12days, and the tumour size was
recorded every three days. After 12 d, BALB/C mice were sacri-
ficed by cervical dislocation and the tumour was removed for
statistics of tumour size, weight and volume.

PBMCs-mediated tumour cell killing

Human peripheral blood mononuclear cells (PBMCs) were pur-
chased from ORIBIOTECH (Shanghai, China). 12-well plates
were used to culture SMMC-7721 or Huh-7 cells with a density
of 1x 10° cells per well. PBMCs were activated by co-culturing
with 2 ug/mL CD3 antibody (Abcam, Cambridge, UK) and 1 ng/
mL CD28 antibody (Abcam) for 24 h. Then the activated PBMCs
was incubated with SMMC-7721 or Huh-7 cells with the propor-
tion of 5:1 of for 72h. Annexin V and propidium iodide were
stained. Finally, SMMC-7721 or Huh-7 cells were used to analyse
the apoptosis rate by flow cytometry.

Conditioned medium (CM) from PBMCs

Activated PBMCs-CM were collected and centrifuged. The cell
fragments were removed and the supernatant was filtered with
0.22um disposable polyvinylidene fluoride (PVDF) membrane
(Thermo Fisher Science, Waltham, MA, USA). The CM from
inactivated PBMCs was also collected.

Immunohistochemistry

First, 4-um-thick HCC tissue sections were formalin-fixed and
paraffin-embedded. Tissue sections were rehydrated with graded
ethanol, treated with 3% hydrogen peroxide and methanol for
10 min to inhibit endogenous peroxidase, and then treated in the
microwave oven for 10 min for antigen retrieval. Then the sec-
tions were incubated with normal goat serum at 37°C for
30 min, and rabbit anti-CD8 and anti-PD-L1 antibodies (Abcam,
Cambridge, UK, 1:500) were incubated at 37°C for 1h. Besides,
sections were incubated with 1:100 dilution of biotin-labeled
sheep anti-rabbit immunoglobulin secondary antibody at 37°C
for 1h. Finally, colour was developed in 3,3-diaminobenzidine
tetrachloride (Abcam, Cambridge, UK).

Cell culture

293T cells and HCC cells including SMMC-7721 and Huh-7 cells
were provided by Peking Union Cell Bank (Beijing, China), culti-
vated within DMEM (Thermo Fisher Scientific, Waltham, MA,
USA) that contained 10% FBS (Gibico, NY, USA) and incubated



1712 L. HE ET AL.

within the humid incubator under 37°C and 5%

conditions.

CO,

Cell transfection

MSN (wild type-MSN, phosphorylated T558D-MSN), miR-133a-
3p inhibitor, miR-133a-3p mimic, sh-MSN vector, and negative
controls (NC inhibitor, NC mimic and sh-NC vector) were syn-
thesised by GeneChem (Shanghai, China). SMMC-7721 and
Huh-7 were seeded in 6-well cell culture dishes overnight in
serum-free medium. On the second day, after washing the cells
with PBS, Lipofectamine 3000 reagent (Invitrogen, CA, USA)
was used to transfect corresponding plasmids, based on the
instructions. For 24 h transfection, HCC cells were used in subse-
quent experiments. Besides, HCC cells including SMMC-7721
and Huh-7 cells were respectively pre-treated with 0.1 mg/mL,
0.5mg/mL and 1mg/mL of APS (Chun Test Biotechnology Co.,
LTD, Shanghai, China) for 4h, then APS-treated cells were
treated with 10 ng/mL IFN-y (Baiaolaibo Technology Co., LTD,
Beijing, China) for 24 h.

Flow cytometry

Activated PBMCs were incubated with SMMC-7721 or Huh-7
cells with the proportion of 5:1 of for 72h. Subsequently, treated
HCC cells including SMMC-7721 and Huh-7 cells were isolated
by Transwell. The cell suspension containing 1 x 10° cells were
fixed in precooled 2% frozen formaldehyde. Subsequently, HCC
coupled with fluorescein isothiocyanate (FITC) (Beyotime,
Nanjing, China) was incubated with anti-PD-L1 for 30 min.
Finally, FACS Calibur system (BD Biosciences, NY, USA) was
used for flow cytometry, and Cellquest graphics software was
used to collect and analyse data.

Western blot

HCC cells were cleaved with RIPA cleavage buffer to extract
total protein. The BCA method was used to quantify total pro-
tein. Subsequently, the total protein (20ug) was separated by
10% SDS-PAGE and the protein was electroprinted on PVDF
membrane. The PVDF membrane was incubated with rabbit
anti-MSN, anti-p-MSN and anti-PD-L1 antibodies (Abcam,
Cambridge, UK, 1:1000) overnight at 4°C. On the 2" day, the
second anti-rabbit IgG antibody coupled with HRP was incu-
bated for 2h, and the bands were detected by immobilised
Western chemiluminescence instrument. B-Tubulin was used as
the endogenous control. Finally, Image] software was used to
quantify the strength of the bands obtained from Western blot
analysis.

gRT-PCR

TRIzol reagent (Invitrogen, California, USA) was used to extract
total RNA; miRNAs in serum were collected by mirVana
microRNA Isolation kits (Invitrogen). miR-133a-3p level was
detected by Tagman microRNA assay kit (Invitrogen). U6 RNA
was used as the endogenous control in data analysis. One-Step
SYBR Prime Script PLUS RT-PCR kit (Invitrogen) was used to
detect the levels of MSN gene. GAPDH was used as the
endogenous control in data analysis. Finally, fold changes were
calculated using the 2" method. The entire process was

Table 1. The gene primer sequences used for qRT-PCR.

Gene Forward (5'—3') Reverse (5'—3)
miR-133a-3p  GCCTTTGGTCCCCTTCAAC TATGCTTGTTCTCGTCTCTGTGTC
MSN ATCACTCAGCGCCTGTTCTT CCCACTGGTCCTTGTTGAGT

ué ATTGGAACGATACAGAGAAGATT  GGAACGCTTCACGAATTTG
GAPDH CCAGGTGGTCTCCTCTGA GCTGTAGCCAAATCGTTGT

repeated three times. The primers used in this study are listed in
Table 1.

CO-IP assay

Cells were lysed by freeze-lytic buffer (Beyotime, Nanjing,
China) for 30 min and centrifuged (1,500¢) at 4°C for 15min.
The upper layer was incubated with antibodies for 1h at 4°C.
Subsequently, the protein mixture was incubated on a bead
(Marge Fisher Scientific, USA) at 4°C for 2h and washed twice
with 1mL of lysis buffer. Then, 20 puL of 2x SDS buffer was
added for elution. Analysis was performed by Western blotting
after centrifugation.

MiR-133a-3p target selection and dual-luciferase reporter
assay

Firstly, the potential binding sites of miR-133a-3p downstream
was predicted by using starBase. Dual-luciferase reporter assay
was conducted to confirm the physical interaction between miR-
133a-3p and MSN. In detail, mutant type (MUT) MSN or wild
type (WT) MSN was subcloned to pGL3 luciferase reporter vec-
tors (Promega, Madison, WI, USA) to construct MSN-WT and
MSN-MUT. Subsequently, HCC cells were co-transfected with
MSN-WT or MSN-MUT and miR-133a-3p mimics or mimics
NC by Lipofectamine™3000 (Takara, Dalian, China). Following
48, luciferase activity was detected.

Statistical analysis

Data from at least 3 replicates were presented as mean * standard
deviation (SD). Two groups were compared using Student’s
t-test, and multiple groups were compared using one-way
ANOVA and Tukey’s multiple comparison test. P<0.05 means
the difference was statistically significant.

Results

APS inhibited HCC growth and attenuated PD-L1-mediated
immunosuppression

HCC model of BALB/C mice was established, and HCC BALB/C
mice were treated with APS 100, 200, and 400 mg/kg, respect-
ively. After 12 days, statistical analysis of tumour size, weight and
volume indicated that APS inhibited the size, weight and volume
of tumour in a dose-dependent manner (Figure 1A-C).
Subsequently, IHC analysis showed that with the increase of APS
concentration, the number of CD8"T cells was increased, while
PD-L1 expression was decreased (Figure 1D and E). Moreover,
the effect of APS on the viability of normal hepatocytes LO2 cells
was detected. Results showed that the dose in the experiment
had no significant effect on LO2 cells (Figure S1). These findings
suggest that APS inhibited HCC growth and attenuated PD-L1-
mediated immunosuppression.
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Figure 1. APS inhibited HCC growth and attenuated PD-L1-mediated immunosuppression. (A) Morphological observation of tumours. (B and C) Statistical analysis of
tumour weight and volume. (D) CD8" cells infiltration was detected by IHC. (E) PD-L1 level was detected by IHC. The data were expressed as mean+SD. All data

were obtained from at least three replicate experiments (n = 6). *P < 0.05, *** p <

APS inhibited IFN-y-induced PD-L1 expression and
attenuated PD-L1-mediated immunosuppression

HCC cells including SMMC-7721 and Huh-7 cells were respect-
ively pre-treated with (0.1, 0.5 and 1mg/mL) APS for 4h, then
APS-treated cells were furtherly treated with 10 ng/mL IFN-y for
24h. Flow cytometry analysis indicated that IFN-y induced PD-
L1 expression in HCC cells surface, while APS antagonised PD-
L1 expression in a dose-dependent manner (Figure 2A and B).
Similarly, CM* induced PD-L1 expression in HCC cells surface,
whereas APS reversed PD-L1 expression in a dose-dependent
manner (Figure 2C and D). Consistently, results showed that
PD-L1 expression induced by IFN-y was inhibited by APS in a
dose-dependent manner on HCC cell (Figure 2E and F). Finally,
functional researches showed that IFN-y promoted PD-L1
expression on the surface of tumour cells and reduced the sensi-
tivity of tumour cells to cytotoxicity mediated by PBMCs,
whereas APS alleviated IFN-vy effect (Figure 2G and H). Taken
together, APS inhibited IFN-y-induced PD-L1 expression and
attenuated PD-L1-mediated immunosuppression.

APS attenuated PD-L1-mediated immunosuppression via
miR-133a-3p

The regulatory role of miR-133a-3p in HCC progression has
been reported (Liang et al. 2018; Han et al. 2020). To further

0.001.

explore whether APS plays an immunomodulatory role via
miR-133a-3p in HCC, SMMC-7721 and Huh-7 cells were
respectively pre-treated with 0.1 mg/mL, 0.5mg/mL, and 1mg/
mL of APS for 4h, and APS-treated cells were treated with
10ng/mL IFN-y for 24h. Results indicated that miR-133a-3p
expression inhibited by IFN-y was alleviated by APS in a dose-
dependent manner in HCC cells (Figure 3A). Subsequently,
miR-133a-3p inhibitor was transfected into SMMC-7721 and
Huh-7 cells for miR-133a-3p inhibition, NC inhibitor served as
the negative control. Results showed that miR-133a-3p expres-
sion was significantly decreased by miR-133a-3p inhibitor
(Figure 3B). Flow cytometry analysis showed that PD-L1
expression was induced by IFN-y on HCC cells surface, and
APS antagonised the IFN-y effect whereas the effect of APS
was alleviated by miR-133a-3p inhibition (Figure 3C and D).
Consistently, PD-L1 expression detected by Western blot was
consistent with that of flow cytometry (Figure 3E and F).
Furthermore, activated PBMCs cells were co-cultured with
treated SMMC-7721 and Huh-7 cells at 5:1 for 72h, SMMC-
7721 and Huh-7 cells were isolated and collected. Functionally,
IFN-y induced PD-L1 expression caused a decreased tumour
cell sensitivity to PBMCs-mediated cytotoxicity, but the effect
of IFN-y was alleviated by APS, and APS effect was reversed
by miR-133a-3p inhibition (Figure 3G and H). These findings
suggest that APS attenuated PD-L1-mediated immunosuppres-
sion via miR-133a-3p.
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Figure 2. APS inhibited IFN-y-induced PD-L1 expression and attenuated PD-L1-mediated immunosuppression. HCC cells including SMMC-7721 and Huh-7 cells were
respectively pre-treated with 0.1 mg/mL, 0.5 mg/mL and 1 mg/mL of APS for 4h, then APS-treated cells were treated with 10 ng/mL IFN-y for 24 h. (A-D) The level of
PD-LT on SMMC-7721 and Huh-7 cells surface was detected by flow cytometry. (E and F) PD-L1 protein level on SMMC-7721 and Huh-7 cells surface was measured
by Western blot. (G and H) Activated PBMCs cells were co-cultured with treated SMMC-7721 and Huh-7 cells at 5:1 for 72 h, SMMC-7721 and Huh-7 cells were isolated
and collected. PBMCs mediated-HCC cell killing effect was detected by flow cytometry. The data were expressed as mean+SD. All data were obtained from at least
three replicate experiments (n = 3). ¥*P < 0.05, **P < 0.01, ¥***P < 0.001.

MSN served as a target for miR-133a-3p dose-dependent manner (Figure 4A). Subsequently, miR-133a-3p

Studies showed that miR-133a-3p participates in the regulation inhibitor or miR-133a-3p mimic was transfected into SMMC-
of HCC progression by targeting genes (Han et al. 2020). qRT- 7721 and Huh-7 cells for miR-133a-3p inhibition or overexpres-
PCR analysis indicated that MSN level was induced by IFN-y, sion, NC inhibitor or mimic served as the negative control.
while APS antagonised the high expression of MSN in a Results showed that MSN expression was significantly inhibited
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Figure 3. APS attenuated PD-L1-mediated immunosuppression via miR-133a-3p. (A and B) miR-133a-3p level was detected by qRT-PCR. (C and D) PD-L1 level on
SMMC-7721 and Huh-7 cells surface was detected by flow cytometry. (E and F) PD-L1 protein level on SMMC-7721 and Huh-7 cells surface was detected by Western
blot. (G and H) Activated PBMCs cells were co-cultured with treated SMMC-7721 and Huh-7 cells at 5:1 for 72 h, SMMC-7721 and Huh-7 cells were isolated and col-
lected. SMMC-7721 and Huh-7 cells’ apoptosis was evaluated by flow cytometry. The data were expressed as mean + SD. All data were obtained from at least three

replicate experiments (n=3). *P < 0.05, ¥**P < 0.01, ¥***P < 0.001.

by miR-133a-3p overexpression, whereas miR-133a-3p inhibition
significantly increased MSN expression (Figure 4B and C).
Furthermore, a binding site between miR-133a-3p and MSN
mRNA was predicted by starBase, and dual-luciferase reporter
assay analysis revealed that the luciferase activity of MSN-WT
reported gene was inhibited by co-transfection of miR-133a-3p
mimics, but the co-transfection of miR-133a-3p mimics did not
affect the luciferase activity of MSN-MUT reported gene (Figure
4D). These findings suggest that MSN served as a target for
miR-133a-3p, and miR-133a-3p negatively regulated MSN.

MSN inhibited APS-mediated immunosuppression via
maintaining PD-L1 stability

Western blot analysis showed that IFN-y induced MSN expres-
sion and phosphorylation, while APS antagonised the effect in a
dose-dependent manner (Figure 5A). Co-IP assay analysis indi-
cated that there was interaction between MSN and PD-L1
(Figure 5B). Subsequently, SMMC-7721 and Huh-7 cells were

transfected with sh-MSN#1 and sh-MSN#2 vectors at 48h for
MSN inhibition, and MSN-inhibited SMMC-7721 and Huh-7
cells were treated with cycloheximide (50 pg/mL) at 0, 4, 8, 12,
24h, respectively. Results indicated that PD-L1 expression was
promoted by MSN expression in HCC cells (Figure 5C). Finally,
wild-type MSN (WT-MSN) and phosphorylated MSN (T558D-
MSN) were transfected into treated-SMMC-7721 and Huh-7
cells. Results indicated that IFN-y up-regulated the levels of
MSN and PD-L1 proteins in HCC cells, while APS inhibited the
levels of MSN and PD-L1 induced by IFN-y. wild type MSN
(WT-MSN) and phosphorylated MSN (T558D-MSN) overexpres-
sion vector transfection completely restored MSN and PD-L1
levels, while non-phosphorylated MSN (T558A-MSN) overex-
pression vector only partially restored MSN level (Figure 5D).
Besides, wild type MSN (WT-MSN) and phosphorylated MSN
(T558D-MSN) overexpression vector transfection completely
counteracted the PBMCs-mediated cytotoxicity promoted by
APS, while non-phosphorylated MSN (T558A-MSN) overexpres-
sion vector only partially counteracted APS promoted-PBMCs-
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replicate experiments (n=3). *P < 0.05, ¥**P < 0.01, ¥***P < 0.001.

mediated cytotoxicity (Figure 5E). These findings suggest that
MSN inhibited APS-mediated antitumor effect via maintaining
PD-L1 stability.

APS attenuated PD-L1-mediated immunosuppression via
miR-133a-3p/MSN axis

qRT-PCR analysis showed that transfection of miR-133a-3p
inhibitor reduced miR-133a-3p level, while transfection of sh-
MSN vector has no effect on miR-133a-3p level (Figure 6A).
Subsequently, results indicated that IFN-y induced the levels of
PD-L1 and MSN proteins in HCC cells, while APS resisted the
induction of IFN-y and inhibited the upregulation of PD-L1 and
MSN expression. MiR-133a-3p inhibition reversed the inhibitory
effect of APS on PD-L1 and MSN, and promote PD-L1 and
MSN expression. MSN inhibition resist the effect of miR-133a-
3p inhibitor and down-regulate PD-L1 and MSN expression in
HCC cells treated with APS and IFN-y (Figure 6B).
Furthermore, inhibition of miR-133a-3p counteracted the
PBMCs-mediated cytotoxicity promoted by APS, while inhibition
of MSN alleviated the effect of miR-133a-3p inhibition and
increased PBMCs-mediated cytotoxicity induced by APS and

IFN-vy (Figure 6C). These findings suggested that APS attenuated
PD-L1-mediated  immunosuppression miR-133a-3p/
MOSN axis.

via

Discussion

Anti-PD-L1 therapy has achieved remarkable clinical results in
the treatment of a variety of cancers (Cha et al. 2019; Oba et al.
2020). Our findings indicated that APS attenuated PD-L1-medi-
ated immunosuppression via miR-133a-3p. What’s more, MSN
served as a target for miR-133a-3p, and MSN promoted
immunosuppression via maintaining PD-L1 stability. APS attenu-
ated PD-L1-mediated immunosuppression via miR-133a-3p/MSN
axis, which may be the potential mechanism of APS exerts anti-
tumor effect in HCC.

APS is a kind of Chinese herbal medicine used as immuno-
suppressant, which is known as Huang Qi in Chinese. As a
powerful immune assistant, APS promotes lymphocyte prolifer-
ation in peripheral blood, increases antibody content in serum
and enhances cytokine secretion (Chang et al. 2020).
Furthermore, the discovery of immune checkpoints is an import-
ant breakthrough in cancer treatment. PD-1/PD-L1 is an
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Figure 5. MSN inhibited APS-mediated antitumor effect via maintaining PD-L1 stability. SMMC-7721 and Huh-7 cells were respectively pre-treated with 0.1 mg/mL,
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Figure 6. APS attenuated PD-L1-mediated immunosuppression via miR-133a-3p/MSN axis. SMMC-7721 and Huh-7 cells were pre-treated with 10 ng/mL IFN-y for 24 h,
and then treated with 1mg/mL of APS for 4h. The miR-133a-3p inhibitor or sh-MSN was transfected into treated SMMC-7721 and Huh-7 cells (A) miR-133a-3p level
was detected by qRT-PCR. (B) The levels of MSN and PD-L1 were measured by Western blot. (C) Activated PBMCs cells were co-cultured with treated SMMC-7721 and
Huh-7 cells at 5:1 for 72h, SMMC-7721 and Huh-7 cells were isolated and collected. SMMC-7721 and Huh-7 cell apoptosis was evaluated by flow cytometry. The data
were expressed as mean =+ SD. All data were obtained from at least three replicate experiments (n=3). *P < 0.05, **P < 0.01, ***P < 0.001.

important immune checkpoint, and PD-L1 binds to PD-1 on the
surface of immune cells, inducing T cell failure, leading to
immunosuppression. Therefore, high expression of PD-L1 con-
tributes to the immune escape of tumour cells (Wu et al. 2019).
At present, studies have shown that APS alleviates tumour
immunosuppression by reducing PD-L1 expression (Chang et al.
2020). Chang et al. (2020) reported that APS maintains T cell
activity and inhibits tumour growth by blocking PD-1/PD-L1
interaction. Our finding showed that APS inhibited tumour
growth, down-regulated PD-L1 expression and increased the
number of CD8" T cells in a dose-dependent manner in HCC.
PD-L1 is highly expressed in most tumours, which is induced by
IFN-y (Chen et al. 2018). Consistently, our results showed that
IFN-y induced PD-L1 expression, and overexpressed-PD-L1 was
antagonised by APS in a dose-dependent manner. Furthermore,
the highly expressed PD-L1 induced by IFN-y inhibited the
HCC cell killing effect mediated by immune cells suggesting high

expression of PD-L1 contributes to immune escape of HCC cells.
Whereas, APS increased the rate of apoptosis of HCC cells in a
dose-dependent manner, indicating APS may break the immuno-
suppression mediated by PD-LI.

miRNA was proved to be widely involved in various bio-
logical processes. In recent years, the abnormal expression of
miRNAs in HCC has received widespread attention (Liang et al.
2018). The antitumor effect of miR-133a-3p in HCC has also
been widely reported, Tang et al. (2018) suggested that miR-
133a-3p inhibits HCC progression by targeting CORO1C. Our
findings indicated that IFN-y inhibited miR-133a-3p expression,
but APS alleviated the inhibitory effect of IFN-y in a dose-
dependent manner. Inversely, IFN-y induced PD-L1 expression,
while APS inhibited the highly expressed PD-L1 in a dose-
dependent manner. Further functional studies showed that miR-
133a-3p inhibition alleviated the inhibitory effect of APS on
PD-L1, and inhibited immune cells mediated-HCC cell killing



effect induced by APS. Namely, APS may break PD-L1-mediated
immunosuppression through miR-133a-3p in HCC. miR-133a-3p
mainly plays a role in post-transcriptional regulation, which reg-
ulates target gene expression by binding to 3-UTR of mRNA
(Zhang et al. 2018). In HCC, MSN served as a target for miR-
133a-3p, and miR-133a-3p negatively regulated MSN. MSN plays
a key role in many aspects of tumour development, which
involves tumour invasion and metastasis, and is a potential bio-
marker (Hong et al. 2016). Our findings indicated that IFN-y
induced MSN expression, while APS antagonised the induction
of IFN-y in a dose-dependent manner. What’s more, functional
research showed that MSN inhibited the antitumor effect of ASP
by maintaining the stability of PD-L1. Finally, it is proved that
APS affected PD-L1-mediated immunosuppression through the
miR-133a-3p/MSN pathway.

Conclusions

miR-133a-3p played a vital role in PD-L1-mediated immunosup-
pression by targeting MSN, and MSN inhibited the antitumor
effect of ASP by maintaining the stability of PD-L1. APS attenu-
ated PD-L1-mediated immunosuppression via miR-133a-3p/MSN
axis. APS may be used as a potential antineoplastic drug, and
miR-133a-3p/MSN serves as the potential target. Our research
may provide a new direction for the treatment of HCC.
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