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Simple Summary: Hepatocellular carcinoma stands as a major contributor to cancer-related mortality
worldwide. This research is aimed at gaining a comprehensive understanding of the pathogenesis of
liver cancer, particularly focusing on the potential role of the traditional Chinese herbal medicine
Astragaloside IV (AS-IV) in liver cancer treatment. To achieve this, this study employs mouse and
human liver cancer cells as experimental materials. The primary objective is to investigate the
mechanisms through which AS-IV inhibits the development of tumour cells in HCC. The research
aims to elucidate the specific actions and functions of AS-IV in the course of HCC cell development.
Furthermore, it seeks to clarify the interrelationships between miR-135b-5p, immune-mediated PD-L1,
and AS-IV during the process of liver cancer cell migration. This study not only holds significant
implications for predicting and preventing HCC metastasis but also provides novel theoretical
foundations and research directions for clinical approaches to the treatment of liver cancer.

Abstract: Background: Astragaloside IV (AS-IV) is a pivotal contributor to anti-tumour effects and
has garnered extensive attention in research. Tumour cell immune suppression is closely related to
the increase in Programmed Death-Ligand 1 (PD-L1). Hepatocellular carcinoma (HCC) is a malignant
tumour originating from hepatic epithelial tissue, and the role of AS-IV in regulating PD-L1 in anti-
HCC activity remains unclear. Methods: Various concentrations of AS-IV were administered to both
human liver immortalised cells (THEL2) and HCC (Huh-7 and SMMC-7721), and cell growth was
assessed using the CCK-8 assay. HCC levels and cell apoptosis were examined using flow cytometry.
Mice were orally administered AS-IV at different concentrations to study its effects on HCC in vivo.
Immunohistochemistry was employed to evaluate PD-L1 levels. Western blotting was employed
to determine PD-L1 and CNDP1 protein levels. We carried out a qRT-PCR to quantify the levels of
miR-135b-3p and CNDP1. Finally, a dual-luciferase reporter assay was employed to validate the
direct interaction between miR-135b-3p and the 3′UTR of CNDP1. Results: AS-IV exhibited a dose-
dependent inhibition of proliferation in Huh-7 and SMMC-7721 while inhibiting PD-L1 expression
induced by interferon-γ (IFN-γ), thus attenuating PD-L1-mediated immune suppression. MiR-135b-
5p showed significant amplification in HCC tissues and cells. AS-IV mitigated PD-L1-mediated
immune suppression through miR-135b-5p. MiR-135b-5p targeted CNDP1, and AS-IV mitigated
PD-L1-induced immunosuppression by modulating the miR-135b-5p/CNDP1 pathway. Conclusion:
AS-IV decreases cell surface PD-L1 levels and alleviates PD-L1-associated immune suppression via
the miR-135b-5p/CNDP1 pathway. AS-IV may be a novel component for treating HCC.

Keywords: astragaloside IV; hepatocellular carcinoma; PD-L1

1. Introduction

Hepatocellular carcinoma (HCC), or liver cell carcinoma, is a severe malignant tumour
primarily originating from hepatic tissues [1]. HCC poses a significant global health con-
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cern, particularly in developing countries [2]. The pathogenesis of HCC is exceedingly
intricate, involving intricate interactions among various genetic, molecular, and environ-
mental factors. Some major risk factors encompass chronic viral hepatitis infections, such
as hepatitis C virus (HCV) and hepatitis B virus (HBV), cirrhosis, alcohol abuse, tobacco
consumption, fatty liver, genetic predisposition, and specific environmental exposures [3].
These factors may disrupt normal hepatic cell function and gene expression through multi-
ple pathways, ultimately culminating in the development of hepatocellular carcinoma [4].
During the course of cancer development, factors such as genetic mutations, epigenetic
alterations, and disruptions in cellular signal transduction pathways interact, propelling the
transformation of normal hepatic cells into cancerous cells [5]. Different subtypes of HCC
may exhibit distinct pathogenic mechanisms, further complicating our comprehension
of the occurrence and progression of hepatocellular carcinoma. The choice of treatment
modalities for HCC depends on the disease stage and the patient’s overall health. Early-
stage HCC can be managed through therapeutic interventions such as surgical resection,
radiofrequency ablation, and microwave ablation [6,7]. In some instances, liver transplan-
tation may also be considered. For advanced-stage HCC, therapeutic approaches such
as radiation therapy, chemotherapy, and targeted therapy can aid in disease control and
symptom relief [8]. Furthermore, a multitude of herbal remedies have been discovered
to possess antineoplastic activity, offering the advantage of targeting multiple molecular
pathways with relatively minimal side effects.

Chinese herbal medicine has a history spanning thousands of years in China and other
Asian countries, with each herb possessing specific medicinal properties and therapeutic
effects [9]. As a novel approach to cancer treatment, Chinese herbal medicine has been
gaining increasing attention from scholars both domestically and internationally. When
combined with conventional cancer treatment methods, such as chemotherapy, Chinese
herbal medicine has been shown to enhance tumour sensitivity to chemotherapy [10]. This
contributes to the reduction in tumour resistance to chemotherapy, thereby enhancing
the effectiveness of treatment. Chinese herbal medicine may achieve this by lowering
toxicity and side effects while simultaneously enhancing the efficacy of chemotherapy
drugs, offering a safer and more comprehensive treatment approach [11]. Furthermore, the
active constituents within Chinese herbal medicine typically exhibit multi-target effects,
meaning they can simultaneously influence various biological pathways and molecules
related to cancer. This multi-target action equips Chinese herbal medicine with the capacity
to comprehensively intervene in tumour development, inhibiting multiple mechanisms
governing cancer cell growth and dissemination, thus enhancing treatment diversity and
comprehensiveness [12]. One noteworthy example is Astragalus membranaceus, com-
monly known as Huangqi. Huangqi, derived from the root of the plant and belonging to
the legume family, is extensively used in traditional Chinese medicine. It has garnered
significant recognition for its safety and proven efficacy, making it a highly regarded com-
ponent in herbal formulations [13,14]. In summary, Chinese herbal medicine, deeply rooted
in historical tradition and increasingly integrated into modern cancer treatment strategies,
offers a holistic and complementary approach. Its capacity to enhance chemotherapy sensi-
tivity, reduce side effects, and exert multi-target effects underscores its growing significance
in the field of oncology.

Astragaloside IV (AS-IV) is a natural herbal compound derived from the roots of
Astragalus [6]. AS-IV has a saponin-like chemical structure and falls under the category
of triterpenoid saponins. It is considered one of the key components responsible for the
medicinal effects of Astragalus, exhibiting various pharmacological activities, including an-
tioxidant, anti-inflammatory, antiviral and immunomodulatory effects [7,8,15,16]. Further,
many in vitro and in vivo investigations have signified that AS-IV can suppress the growth
of various cancer cell types and promote apoptosis [17–19]. Research has indicated that AS-
IV may improve liver cancer through the Nrf2-mediated pSmad3C/3L transformation [20].
Additionally, Wang et al. [21] demonstrated that AS-IV may protect against ovarian cancer
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cell development induced by M2 macrophages by potentially inhibiting the HMGB1-TLR4
signalling pathway.

An important hallmark of cancer development is immune escape, and one of the key
molecules in immunoevasion is Programmed Death-Ligand 1 (PD-L1) [22]. PD-L1 is a cell
surface protein that exerts a substantial influence on tumour immune system circumvention
and immune regulation [23]. PD-L1 engages with Programmed Death 1 (PD-1), thereby
modulating immune cell functions and influencing immune responses, including responses
to tumours [24]. Interferon-γ (IFN-γ) can modulate PD-L1 expression [25]. IFN-γ is a
crucial immune cytokine produced by activated immune cells, such as T cells [26]. When
immune cells are stimulated, especially during immune responses, they release IFN-γ,
inducing the expression of PD-L1 in tumour cells [27]. Therefore, by diminishing the
expression of PD-L1 induced by IFN-γ, immune cell inhibition can be relieved, enhancing
immune cell attack against tumours. Liu et al. [28] found that increased PD-L1 expression
could counteract AS-IV’s suppressive impact on tumour angiogenesis in gastric cancer, but
it remains unclear whether AS-IV participates in HCC development by regulating PD-L1.

MicroRNA (miRNA), originally discovered in the nematode Caenorhabditis elegans
in 1993, is a class of small non-coding RNA molecules that are prevalent in various organ-
isms [29]. Due to their relatively diminutive size, they were initially termed “microRNA”
and later abbreviated as “miRNA”. These molecules exert their regulatory control by
binding to the 3′ untranslated region (UTR) of messenger RNA (mRNA) molecules, thereby
modulating the expression of specific target genes. This binding can lead to either the
degradation of the target mRNA or the inhibition of its translation into proteins. Exten-
sive research has unveiled the pivotal role of miRNA in the initiation, progression, and
treatment of cancer. MiRNA can influence the expression of oncogenes and tumour sup-
pressor genes by binding to their respective mRNA molecules [30]. When functioning as
tumour suppressors, the overexpression of miRNAs can lead to the inhibition of cancer
cell growth. Conversely, when miRNAs act as oncogenes, their abnormal expression may
result in the transformation of normal cells into cancerous ones. Furthermore, apoptosis,
a self-destructive programmed cell death process essential for maintaining normal tissue
structure and suppressing cancer, is profoundly influenced by specific miRNAs. Certain
miRNAs can impact the survival and death decisions of cancer cells by regulating genes
associated with apoptosis [31]. MiRNAs can also impede the malignant spread and metas-
tasis of cancer cells by governing molecules involved in cell migration and invasion [32,33].
This holds paramount importance in curtailing both local and distant cancer dissemination.
Additionally, miRNAs play a role in the tumour immune microenvironment by interacting
with programmed cell death-ligand 1 (PD-L1) [34,35]. A recent study has reported elevated
expression of miR-135b-5p in hepatocellular carcinoma (HCC) patients. However, whether
miR-135b-5p is involved in PD-L1-mediated immune suppression in HCC remains unclear.

Hence, this study aims to scrutinise the function of AS-IV in the progression of HCC.
We propose that AS-IV attenuates PD-L1-mediated immune suppression in HCC through
the miR-135b-5p/CNDP1 axis and elucidates the mechanism by which AS-IV acts in
developing HCC.

2. Materials and Methods
2.1. Tissue Sample Collection

Fifty-five liver cancer cases’ tissues and neighbouring healthy tissues were derived
from the National Institute of TCM Constitution and Preventive Medicine, Beijing Univer-
sity of Chinese Medicine. These patients had not received prior treatment, and the collected
samples were preserved at −80 ◦C. Additionally, the research protocol received approval
from the Ethics Committee of the National Institute of TCM Constitution and Preventive
Medicine, Beijing University of Chinese Medicine.
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2.2. Cell Culture and Transfection

Human immortalised liver cells (THLE2) and HCC cell lines (Huh-7 and SMMC-7721)
were sourced from the Institute of Excellence, Chinese Academy of Sciences (Shanghai,
China). The specific method of cell culture was carried out according to the method of
Long et al. [36]. MiR-135b-5p mimic and its corresponding negative control (miR-NC) were
procured from GenePharma (Shanghai, China). The pcDNA3.0-CNDP1 and its negative
control (pcDNA3.0) were custom-designed by Genechem. The transfection of Huh-7 and
SMMC-7721 cells was conducted using Lipofectamine 3000 from Invitrogen (Waltham,
MA, USA).

2.3. AS-IV and IFN-γ Treatment

Cells were subjected to different concentrations (0, 10, 20, 40, and 80 µg/mL) of AS-IV
(Yuanye, Shanghai, China) treatment for 4 h to investigate its impact on cell viability. Huh-7
and SMMC-7721 cells were pre-treated with 80 µg/mL of AS-IV and then induced with
10 ng/mL of IFN-γ to examine how AS-IV influences the expression of PD-L1 induced
by IFN-γ.

2.4. CCK-8 Assay

After seeding cells in a 96-well plate, 10 µL of CCK-8 solution (CA1210, Solarbio,
Beijing, China) was introduced into every well following the manufacturer’s instructions.
The plate was incubated at 37 ◦C in a 5% CO2 incubator, and the optical density at 450 nm
was measured using a microcoder.

2.5. PBMCs Mediated Tumour Cell Killing

Human peripheral blood mononuclear cells (PBMCs) were procured from the Cell
Bank of the Chinese Academy of Sciences (Shanghai, China). PBMCs were activated using
CD3 antibody (Abcam, Cambridge, UK) and CD28 antibody (Abcam). Activated PBMCs
were then co-cultured for 72 h at a 5:1 ratio with Huh-7 cells and SMMC-7721 cells from
different treatment groups (control group without treatment, IFN-γ with/without AS-IV
treatment group). Huh-7 and SMMC-7721 cells were isolated and collected.

2.6. Flow Cytometry

Detection of cell surface PD-L1 expression: Cultured Huh-7 and SMMC-7721 cells
were suspended, centrifuged and resuspended in PBS. Cells were then stained with PD-L1
fluorescent-labelled monoclonal antibody (329702, Biolegend, San Diego, CA, USA) and
assessed using a flow cytometer (FACS Aria II, BD Biosciences, San Jose, CA, USA USA).
FlowJo 10.6.2 software (TreeStar, Ashland, OR, USA) was used for data analysis.

Detection of apoptosis rate: After co-culture with PBMCs, SMMC-7721 and Huh-7 cells
were collected and were dual-stained with Annexin V-PI (40302ES20, Yeasen, Shanghai,
China) under dim light. Flow cytometry (FACS Aria II) was used to detect apoptotic cells.
Gating in flow cytometry: after adding the sample, a forward scatter (FSC) vs. side scatter
(SSC) scatter plot was created, and the voltage of each photomultiplier was adjusted so
that all cell populations to be analysed were within the scatter plot’s visual range. After
that, the FSC threshold was adjusted to exclude the majority of the cell debris interference
from the analysed area. The target cell population was then circled as R1 in the FSC vs.
SSC scatterplot, and R1 was used as the foundation for the FL-2H (PI) vs. FL-4H (APC)
scatterplot to determine cell apoptosis.

2.7. Animal Model

The experiment utilized 20 six-week-old male BALB/c nude mice, divided into four
groups of 5 mice each (sourced from Huafukang Biological Technology Co., Ltd., Beijing,
China). Huh-7 cells were injected subcutaneously into the mice. The mice were gavage-
administered different concentrations of AS-IV (0, 50, 100, and 150 mg/kg) once daily for a
duration of 40 days. After the 40-day feeding period, humane euthanasia of the mice was
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performed via cervical dislocation. Subsequently, tumour excision surgery was conducted,
and the size and weight of the tumours were recorded.

2.8. Immunohistochemistry Analysis

Tumour blocks from mice were fixed with 4% paraformaldehyde, followed by a series
of steps, including dehydration in graded alcohols, paraffin embedding and sectioning.
Antigen retrieval was achieved using a citrate buffer. Endogenous peroxidase was sup-
pressed with 3% H2O2. Sections were incubated with an anti-PD-L1 antibody (ab205921,
1:1000, Abcam, Cambridge, MA, USA), and secondary antibodies were goat anti-rabbit IgG
(HRP) (ab6721, 1:2500, Sigma, St. Louis, MO, USA). DAB (DA1010, Solarbio) chromogenic
reagent was used, and images were captured using an Olympus BX51 upright microscope
(Olympus, Tokyo, Japan).

2.9. Western Blot Analysis

Cells and tissues were lysed using a high-efficiency RIPA lysis buffer (Solarbio). Protein
separation was performed by SDS-PAGE (P1200, Solarbio). Following membrane transfer,
primary antibodies were applied. These primary antibodies included anti-PD-L1 (ab282458,
1:1000, Abcam), anti-CNDP1 (ab155315,1:500, Abcam) and β-actin (ab8227, 1:1000, Abcam).
Secondary antibodies were goat anti-rabbit IgG (ab6721, 1:2000, Abcam). Chemilumines-
cence was performed using the ECL chromogenic reagent, and bands were observed using
an automated chemiluminescence analyser (PerkinElmer, Waltham, MA, USA).

2.10. Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)

We employed the Trizol method to isolate total RNA (Invitrogen). HiScript III Reverse
Transcriptase (R302-01, Novogene, Nanjing, China) was used to reverse-transcribe cDNA,
followed by PCR quantification using ChamQ qPCR SYBR GREEN (Q311-02/03, Novogene,
Nanjing, China). Primer information: miR-135b-5p: F: 5′-AGGGCACAGGAGGGGC-3′, R:
5′-AGTGCAGGGTCCGAGGTATT-3′; CNDP1: F: 5′-CATCGAGAGCGACTCTGTCC-3′, R:
5′-GTCACCTGTTTTTCCACCGC-3′; U6: F: 5′-CGCTTCACGAATTTGCGTGTCATR-3′, R:
5′-GCTTCGGCAGCACATATACTAAAAT-3′; and β-actin: F: 5′-ATGGATGATGATATCGC
CGC-3′, R: 5′-CTAGAAGCATTTGCGGTGG-3′.

2.11. Dual-Luciferase Reporter Assay

TargetScan (https://www.targetscan.org/vert_80/ (accessed on 5 June 2022)) and
GEPIA (http://gepia.cancer-pku.cn/ (accessed on 5 June 2022)) databases were used to
forecast the miR-135b-5p and CNDP1 attachment sites. Subsequently, CNDP1-3′UTR-WT
and miR-135b-5p NC, CNDP1-3′UTR-WT and miR-135b-5p, CNDP1-3′UTR-MUT and
miR-135b-5p NC, and CNDP1-3′UTR-MUT and miR-135b-5p were transfected into Huh-7
and SMMC-7721 cells using Lipofectamine 3000 (Invitrogen). The Dual-Luciferase Reporter
Gene Assay Kit (E2920, Promega, Madison, WI, USA) and a multifunctional enzyme-linked
immunosorbent assay reader (PerkinElmer, USA) were used to measure luciferase activity.

2.12. Statistical Analysis

We conducted statistical analysis using SPSS 25.0 software (SPSS, Inc., Chicago, IL,
USA) and generated graphs using GraphPad Prism 9.0 software (GraphPad Software,
San Diego, CA, USA). Each experiment was replicated three times to ensure consistency.
T-tests were employed to compare means between two groups, while ANOVA was used
for comparing means among multiple groups. The statistical significance level is denoted
as * p < 0.05, ** p < 0.01, and *** p < 0.001.

https://www.targetscan.org/vert_80/
http://gepia.cancer-pku.cn/
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3. Results
3.1. AS-IV Inhibits the IFN-γ-Triggered Increase in PD-L1 Expression and Mitigates Immune
Suppression Mediated by PD-L1

To assess AS-IV’s potential to trigger cell proliferation, we exposed THLE2, Huh-7
and SMMC-7721 cells to different concentrations of AS-IV and gauged cell vitality through
the CCK-8 assay. As depicted in Figure 1A–C, AS-IV exhibited a concentration-dependent
inhibition of proliferation in Huh-7 and SMMC-7721 cells, with no significant impact on
THLE2 cells. To investigate the effect of AS-IV on immune suppression mediated by PD-L1,
we employed flow cytometry to assess the levels of PD-L1. Our findings demonstrated
that AS-IV decreased PD-L1 levels (Figure 1D,E). Functional analyses demonstrated that
IFN-γ stimulated the upregulation of PD-L1 expression on tumour cell surfaces, reducing
their sensitivity to PD-L1-mediated cytotoxicity, while AS-IV mitigated the effects of IFN-γ
(Figure 1F,G). Western blot analysis verified that AS-IV diminished the protein levels of
PD-L1 (Figure 1H,I).
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Figure 1. AS-IV suppresses PD-L1 expression induced by IFN-γ and mitigates immune suppression
facilitated by PD-L1. (A–C) CCK-8 assay detecting the proliferative effects of AS-IV on normal cells and
HCC cell lines. (D,E) The PD-L1 levels assessment using flow cytometry. (F,G) Flow cytometry analysis
of PBMC-mediated cytotoxicity against HCC cells (Upper left/P2-Q1: necrotic cells; upper right/P2-Q2:
late apoptotic cells; lower right/P2-Q3: early apoptosis; lower left/P2-Q4: non-apoptotic cells). (H,I) PD-
L1 protein levels assessment using Western blot. The uncropped blots are shown in the Supplemental
Materials (*, **, and *** denote p < 0.05, p < 0.01, and p < 0.001, respectively).
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3.2. AS-IV Inhibits HCC Growth and Alleviates PD-L1-Mediated Immune Suppression

We established an HCC model in BALB/C mice and statistically analysed tumour
growth. The data indicated that as the concentration of AS-IV increased, tumour growth
slowed (Figure 2A), and tumour volume decreased (Figure 2B). Subsequently, we used
Western blotting to detect PD-L1 protein expression in tumour tissues. The results found
that higher concentrations of AS-IV were related to lower levels of PD-L1 protein expression
(Figure 2C). Immunohistochemical analysis revealed that increasing AS-IV concentration
reduced PD-L1 expression (Figure 2D). These results indicate that AS-IV inhibits HCC
growth and alleviates PD-L1-mediated immune suppression.
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Figure 2. AS-IV suppresses HCC growth and alleviates PD-L1-mediated immune suppression.
(A) Tumour growth curves. (B) Tumours and tumour volumes after euthanising mice. (C) PD-L1
protein level assessment using Western blot. (D) IHC was employed to analyse the levels of PD-L1.
(E) The effect of AS-IV on the level of miR-135b-5p in mouse tissues. (F) The effect of AS-IV on
CNDP1 expression in mouse tissues. The uncropped blots are shown in the Supplemental Materials
(*, **, and *** denote p < 0.05, p < 0.01, and p < 0.001, respectively).

3.3. Expression of miR-135b-5p in HCC Tissues

MiR-135b-5p exhibited substantial expression in HCC tissues and cells (Figure 3A,B).
To investigate AS-IV’s influence on miR-135b-5p expression, we simultaneously treated
both Huh-7 and SMMC-7721 cells with different concentrations of AS-IV. The outcomes
demonstrated that AS-IV dose-dependently suppressed miR-135b-5p levels, as illustrated
in Figure 3C,D. These findings collectively indicate the elevation of miR-135b-5p in both
HCC tissues and cells and underscore AS-IV’s ability to attenuate miR-135b-5p levels in
these cells.

3.4. AS-IV Alleviates PD-L1-Mediated Immune Suppression via MiR-135b-5p

The experimental results in mice showed that the higher the concentration of AS-IV,
the lower the expression level of miR-135b-5p in mouse tissues (Figure 2E). The transfection
of miR-135b-5p mimics into Huh-7 and SMMC-7721 cells significantly increased miR-
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135b-5p levels in both cell types (Figure 4A,B). Flow cytometry analysis revealed that
miR-135b-5p could counteract the suppressive impact of AS-IV on IFN-γ-induced PD-
L1 expression (Figure 4C,D). MiR-135b-5p overturned the inhibition of PD-L1-mediated
immune suppression by AS-IV (Figure 4E–G). Western blotting demonstrated that miR-
135b-5p substantially elevated PD-L1 protein levels (Figure 4H–J).
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Figure 3. MiR-135b-5p is markedly elevated in HCC. (A,B) qRT-PCR was utilised to investigate
the levels of miR-135b-5p (Several horizontal lines in the violin plot represent quartiles, with the
thick dashed line representing the median). (C,D) qRT-PCR was employed to check the levels of
miR-135b-5p in HCC cells (*, **, and *** denote p < 0.05, p < 0.01, and p < 0.001, respectively).
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Figure 4. AS-IV weakens PD-L1-mediated immune suppression through miR-135b-5p. (A,B) qRT-
PCR was utilised for the examination of miR-135b-5p in HCC cells. (C,D) Flow cytometry analysis of
surface PD-L1 expression. (E–G) Flow cytometry analysis of PBMC-mediated cytotoxicity against
liver cancer cells (Upper left/P2-Q1: necrotic cells; upper right/P2-Q2: late apoptotic cells; lower
right/P2-Q3: early apoptosis; lower left/P2-Q4: non-apoptotic cells). (H–J) Western blotting as-
sessment of cell surface PD-L1 protein expression levels. The uncropped blots are shown in the
Supplemental Materials (** and *** denote p < 0.01 and p < 0.001, respectively).
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3.5. MiR-135b-5p Directly Interacts with CNDP1

Experimental results in mice showed that the higher the concentration of AS-IV, the
higher the expression level of CNDP1 in mouse tissues (Figure 2F). In our preliminary
research, we used bioinformatics tools (TargetScan and GEPIA databases) to predict the
presence of an interaction site for miR-135b-5p at the 3′UTR of CNDP1, indicating a po-
tential regulatory targeting relationship (Figure 5A). qRT-PCR detected a reduction in
CNDP1 expression in HCC tissues and cells (Figure 5B,C). Figure 5D,E demonstrate that
AS-IV promoted the levels of CNDP1 in Huh-7 and SMMC-7721 cells in a dose-dependent
manner. MiR-135b-5p inhibited wild-type CNDP1 luciferase activity (Figure 5F,G). Western
blotting demonstrated that miR-135b-5p mimics noticeably decreased CNDP1 protein
levels (Figure 5H–J). These outcomes implied that miR-135b-5p directly targets and regu-
lates CNDP1.
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Figure 5. MiR-135b-5p directly regulates CNDP1. (A) We employed bioinformatics to ascertain the
target interactions between miR-135b-5p and CNDP1. (B) qRT-PCR detecting CNDP1 expression.
(C–E) Western blot assessing CNDP1 protein expression levels. (F,G) Verified binding sites between
miR-135b-5p and CNDP1. (H–J) Western blot detecting CNDP1 protein expression levels. The
uncropped blots are shown in the Supplemental Materials (*** denote p < 0.001).
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3.6. AS-IV Alleviates PD-L1-Mediated Immune Suppression through the MiR-135b-5p/
CNDP1 Axis

Having established that miR-135b-5p targets CNDP1, we further investigated whether
AS-IV attenuates PD-L1-mediated immune suppression through the miR-135b-5p/CNDP1
axis. As depicted in Figure 6A,B, pcDNA3.0-CNDP1 increased CNDP1 protein levels in
Huh-7 and SMMC-7721 cells. Flow cytometry results demonstrated that pcDNA3.0-CNDP1
reduced PD-L1 expression (Figure 6C,D) and increased cell cytotoxicity (Figure 6E,F).
Western blotting demonstrated that IFN-γ prompted an increase in PD-L1 in Huh-7 and
SMMC-7721 cells, while AS-IV alleviated IFN-γ-induced immune suppression by reducing
PD-L1 expression (Figure 6G–I). These discoveries imply that AS-IV attenuates PD-L1-
mediated immune suppression through the miR-135b-5p/CNDP1 axis.

Cancers 2023, 15, x FOR PEER REVIEW 10 of 14 
 

 

sites between miR-135b-5p and CNDP1. (H–J) Western blot detecting CNDP1 protein expression 
levels. The uncropped blots are shown in the Supplemental Materials (*** denote p < 0.001). 

3.6. AS-IV Alleviates PD-L1-Mediated Immune Suppression through the MiR-135b-5p/CNDP1 
Axis 

Having established that miR-135b-5p targets CNDP1, we further investigated 
whether AS-IV attenuates PD-L1-mediated immune suppression through the miR-135b-
5p/CNDP1 axis. As depicted in Figure 6A,B, pcDNA3.0-CNDP1 increased CNDP1 protein 
levels in Huh-7 and SMMC-7721 cells. Flow cytometry results demonstrated that 
pcDNA3.0-CNDP1 reduced PD-L1 expression (Figure 6C,D) and increased cell cytotoxi-
city (Figure 6E,F). Western blotting demonstrated that IFN-γ prompted an increase in PD-
L1 in Huh-7 and SMMC-7721 cells, while AS-IV alleviated IFN-γ-induced immune sup-
pression by reducing PD-L1 expression (Figure 6G–I). These discoveries imply that AS-IV 
attenuates PD-L1-mediated immune suppression through the miR-135b-5p/CNDP1 axis. 

 
Figure 6. AS-IV attenuates PD-L1-mediated immune suppression through the miR-135b-5p/CNDP1 
axis. (A,B) Western blot assessing CNDP1 protein levels. (C,D) The assessment of surface PD-L1 
levels using flow cytometry. (E,F) Flow cytometry analysis of PBMC-mediated cytotoxicity against 
liver cancer cells. (G–I) Western blot assessing PD-L1 protein expression levels. The uncropped blots 
are shown in the Supplemental Materials (** and *** denote p < 0.01 and p < 0.001, respectively.) 

4. Discussion 
In recent times, cancer immunotherapy has become an indispensable approach to 

cancer treatment, as it can activate a patient’s defence mechanism to target and eliminate 
malignant cells effectively [37]. With the in-depth study of traditional Chinese medicine 
components, it has been discovered that many different Chinese herbs possess potent im-
munomodulatory properties, helping to restore the disrupted collective immune state to 
normalcy [38]. Among them, AS-IV has generated widespread interest for its potential 
role in liver cancer immunotherapy. By delving into the mechanisms of AS-IV, this study 
elucidates how it weakens PD-L1-mediated immune suppression through the miR-135b-

Figure 6. AS-IV attenuates PD-L1-mediated immune suppression through the miR-135b-5p/CNDP1
axis. (A,B) Western blot assessing CNDP1 protein levels. (C,D) The assessment of surface PD-L1
levels using flow cytometry. (E,F) Flow cytometry analysis of PBMC-mediated cytotoxicity against
liver cancer cells. (G–I) Western blot assessing PD-L1 protein expression levels. The uncropped blots
are shown in the Supplemental Materials (** and *** denote p < 0.01 and p < 0.001, respectively).

4. Discussion

In recent times, cancer immunotherapy has become an indispensable approach to
cancer treatment, as it can activate a patient’s defence mechanism to target and eliminate
malignant cells effectively [37]. With the in-depth study of traditional Chinese medicine
components, it has been discovered that many different Chinese herbs possess potent
immunomodulatory properties, helping to restore the disrupted collective immune state
to normalcy [38]. Among them, AS-IV has generated widespread interest for its potential
role in liver cancer immunotherapy. By delving into the mechanisms of AS-IV, this study
elucidates how it weakens PD-L1-mediated immune suppression through the miR-135b-
5p/CNDP1 axis, potentially representing a key mechanism for AS-IV in anti-hepatocellular
carcinoma (HCC) therapy.
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AS-IV is recognised to have immunomodulatory effects, enhancing the body’s im-
mune reaction through the stimulation and multiplication of lymphocytes, increasing
immunoglobulin production and improving overall immune function [39]. It also has
antioxidant properties capable of scavenging free radicals and alleviating cellular damage
from oxidative stress [40]. Although some research has indicated that AS-IV inhibits the
advancement of tumours, the specific pathogenic mechanisms of HCC remain unclear, and
effective therapeutic targets are lacking.

Our investigation aimed to comprehensively examine the impacts of AS-IV on HCC.
Prior studies have demonstrated that AS-IV alleviates immune suppression in colorectal
cancer by reducing PD-L1 expression [17]. PD-L1, through its interaction with the PD-1
receptor, inhibits the stimulation and operation of T cells, preventing excessive immune
responses and autoimmune reactions [41]. This is a significant element contributing to
immune system avoidance in tumours. Hence, inhibiting the PD-L1/PD-1 signalling
pathway can stimulate the immune system and enhance the efficacy of cancer treatment.

Additionally, research has demonstrated that IFN-γ can lead to heightened PD-L1
molecule expression in tumour cells, immune cells and other cell types [42]. This aligns
with our research results, where IFN-γ was found to promote PD-L1 expression on HCC
cell surfaces, reducing the cytotoxicity of immune cells. AS-IV can suppress the PD-
L1 expression induced by IFN-γ, weakening PD-L1-mediated immune suppression and
enhancing the immune cytotoxicity of cells. This suggests that AS-IV may weaken immune
evasion by inhibiting PD-L1 expression.

miRNAs have received substantial focus in cancer investigation and their practical im-
plementations [43]. Zheng et al. [44] established that miR-135b-5p hampers the movement
and penetration behaviour of HCC cells through NR3C2 targeting. Our research findings
suggest that miR-135b-5p is markedly heightened in HCC tissues. Through database
searches, we noticed that miR-135b-5p directly regulates CNDP1. AS-IV attenuates the
immune suppression mediated by IFN-γ-induced PD-L1 through miR-135b-5p. In HCC,
miR-135b-5p exerts an inhibitory influence on CNDP1.

CNDP1 is an enzyme with the capability to emerge as a fresh biomarker for the
diagnosis and prognostication of HCC [45]. CNDP1 is involved in antigen processing and
presentation in the defence system, aiding in identifying and aiming abnormal cells in the
body, such as infected or tumour cells [46]. Our research findings suggest that miR-135b-5p
diminishes PD-L1 expression by targeting CNDP1, enhancing cell immune cytotoxicity.

The outcomes of this investigation demonstrate the significant role of AS-IV in HCC
progression. AS-IV reduces cell surface PD-L1 expression through the miR-135b-5p/CNDP1
axis, enhancing anti-tumour immune responses. This study deepens our understanding
of the pathogenic mechanisms of HCC and introduces AS-IV as a fresh and efficient
component in the treatment of HCC.

5. Conclusions

AS-IV reduces cell surface PD-L1 expression through the miR-135b-5p/CNDP1 axis,
weakening PD-L1-mediated immune suppression, as shown in the molecular schematic in
Figure 7. AS-IV represents a novel and efficient element in the management of HCC.



Cancers 2023, 15, 5048 12 of 14Cancers 2023, 15, x FOR PEER REVIEW 12 of 14 
 

 

 
Figure 7. Molecular schematic representation of AS-IV attenuating PD-L1-mediated immune sup-
pression through the miR-135b-5p/CNDP1 axis. 

Supplementary Materials: The following supporting information can be downloaded at: 
www.mdpi.com/xxx/s1, Full pictures of the Western blots. 

Author Contributions: Conceptualization, Y.M., Y.L. (Yingshuai Li) and Q.W.; methodology, Y.M.; 
software, Y.M.; validation, Y.M.; formal analysis, Y.M.; investigation, Y.M., Y.L. (Yan Li) and T.W.; 
resources, Y.M.; data curation, Y.M.; writing—original draft preparation, Y.M.; writing—review and 
editing, Y.M., Y.L. (Yingshuai Li) and Q.W.; visualization, Y.M.; supervision, Y.M.; project admin-
istration, Y.M. All authors have read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The data that support the findings of this study are available upon 
reasonable request. 

Acknowledgments: I would like to express my heartfelt thanks to the National Institute of Tradi-
tional Chinese Medicine Constitution and Prevention of Disease, Beijing University of Chinese Med-
icine for the support of this study. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Anwanwan, D.; Singh, S.K.; Singh, S.; Saikam, V.; Singh, R. Challenges in liver cancer and possible treatment approaches. Bio-

chim. Biophys. Acta Rev. Cancer 2020, 1873, 188314. 
2. Parkin, D.M. The global health burden of infection-associated cancers in the year 2002. Int. J. Cancer 2006, 118, 3030–3044. 
3. Marrero, J.A. Hepatocellular carcinoma. Curr. Opin. Gastroenterol. 2006, 22, 248–253. 
4. Marengo, A.; Rosso, C.; Bugianesi, E. Liver Cancer: Connections with Obesity, Fatty Liver, and Cirrhosis. Annu. Rev. Med. 2016, 

67, 103–117. 
5. Wong, C.M.; Ng, I.O. Molecular pathogenesis of hepatocellular carcinoma. Liver Int. 2008, 28, 160–174. 
6. Gao, Y.; Su, X.; Xue, T.; Zhang, N. The beneficial effects of astragaloside IV on ameliorating diabetic kidney disease. Biomed. 

Pharmacother. 2023, 163, 114598. 
7. Ma, J.; Chen, T.; Wang, R. Astragaloside IV ameliorates cognitive impairment and protects oligodendrocytes from antioxidative 

stress via regulation of the SIRT1/Nrf2 signaling pathway. Neurochem. Int. 2023, 167, 105535. 
8. Yu, S.; Peng, W.; Qiu, F.; Zhang, G. Research progress of astragaloside IV in the treatment of atopic diseases. Biomed. Pharma-

cother. 2022, 156, 113989. 
9. Wang, S.; Long, S.; Deng, Z.; Wu, W. Positive Role of Chinese Herbal Medicine in Cancer Immune Regulation. Am. J. Chin. Med. 

2020, 48, 1577–1592. 
10. Cheng, Y.Y.; Hsieh, C.H.; Tsai, T.H. Concurrent administration of anticancer chemotherapy drug and herbal medicine on the 

perspective of pharmacokinetics. J. Food Drug Anal. 2018, 26, S88–s95. 

Figure 7. Molecular schematic representation of AS-IV attenuating PD-L1-mediated immune sup-
pression through the miR-135b-5p/CNDP1 axis.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers15205048/s1, Full pictures of the Western blots.

Author Contributions: Conceptualization, Y.M., Y.L. (Yingshuai Li) and Q.W.; methodology, Y.M.;
software, Y.M.; validation, Y.M.; formal analysis, Y.M.; investigation, Y.M., Y.L. (Yan Li) and T.W.;
resources, Y.M.; data curation, Y.M.; writing—original draft preparation, Y.M.; writing—review
and editing, Y.M., Y.L. (Yingshuai Li) and Q.W.; visualization, Y.M.; supervision, Y.M.; project
administration, Y.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available upon
reasonable request.

Acknowledgments: I would like to express my heartfelt thanks to the National Institute of Traditional
Chinese Medicine Constitution and Prevention of Disease, Beijing University of Chinese Medicine
for the support of this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Anwanwan, D.; Singh, S.K.; Singh, S.; Saikam, V.; Singh, R. Challenges in liver cancer and possible treatment approaches. Biochim.

Biophys. Acta Rev. Cancer 2020, 1873, 188314. [CrossRef]
2. Parkin, D.M. The global health burden of infection-associated cancers in the year 2002. Int. J. Cancer 2006, 118, 3030–3044.

[CrossRef]
3. Marrero, J.A. Hepatocellular carcinoma. Curr. Opin. Gastroenterol. 2006, 22, 248–253. [CrossRef]
4. Marengo, A.; Rosso, C.; Bugianesi, E. Liver Cancer: Connections with Obesity, Fatty Liver, and Cirrhosis. Annu. Rev. Med. 2016,

67, 103–117. [CrossRef] [PubMed]
5. Wong, C.M.; Ng, I.O. Molecular pathogenesis of hepatocellular carcinoma. Liver Int. 2008, 28, 160–174. [CrossRef]
6. Gao, Y.; Su, X.; Xue, T.; Zhang, N. The beneficial effects of astragaloside IV on ameliorating diabetic kidney disease. Biomed.

Pharmacother. 2023, 163, 114598. [CrossRef] [PubMed]
7. Ma, J.; Chen, T.; Wang, R. Astragaloside IV ameliorates cognitive impairment and protects oligodendrocytes from antioxidative

stress via regulation of the SIRT1/Nrf2 signaling pathway. Neurochem. Int. 2023, 167, 105535. [CrossRef] [PubMed]
8. Yu, S.; Peng, W.; Qiu, F.; Zhang, G. Research progress of astragaloside IV in the treatment of atopic diseases. Biomed. Pharmacother.

2022, 156, 113989. [CrossRef]
9. Wang, S.; Long, S.; Deng, Z.; Wu, W. Positive Role of Chinese Herbal Medicine in Cancer Immune Regulation. Am. J. Chin. Med.

2020, 48, 1577–1592. [CrossRef]

https://www.mdpi.com/article/10.3390/cancers15205048/s1
https://www.mdpi.com/article/10.3390/cancers15205048/s1
https://doi.org/10.1016/j.bbcan.2019.188314
https://doi.org/10.1002/ijc.21731
https://doi.org/10.1097/01.mog.0000218961.86182.8c
https://doi.org/10.1146/annurev-med-090514-013832
https://www.ncbi.nlm.nih.gov/pubmed/26473416
https://doi.org/10.1111/j.1478-3231.2007.01637.x
https://doi.org/10.1016/j.biopha.2023.114598
https://www.ncbi.nlm.nih.gov/pubmed/37150034
https://doi.org/10.1016/j.neuint.2023.105535
https://www.ncbi.nlm.nih.gov/pubmed/37209830
https://doi.org/10.1016/j.biopha.2022.113989
https://doi.org/10.1142/S0192415X20500780


Cancers 2023, 15, 5048 13 of 14

10. Cheng, Y.Y.; Hsieh, C.H.; Tsai, T.H. Concurrent administration of anticancer chemotherapy drug and herbal medicine on the
perspective of pharmacokinetics. J. Food Drug Anal. 2018, 26, S88–S95. [CrossRef]

11. Wei, Z.; Chen, J.; Zuo, F.; Guo, J.; Sun, X.; Liu, D.; Liu, C. Traditional Chinese Medicine has great potential as candidate drugs for
lung cancer: A review. J. Ethnopharmacol. 2023, 300, 115748. [CrossRef]

12. Wang, S.; Fu, J.-L.; Hao, H.-F.; Jiao, Y.-N.; Li, P.-P.; Han, S.-Y. Metabolic reprogramming by traditional Chinese medicine and its
role in effective cancer therapy. Pharmacol. Res. 2021, 170, 105728. [CrossRef]

13. Auyeung, K.K.; Han, Q.B.; Ko, J.K. Astragalus membranaceus: A Review of its Protection Against Inflammation and Gastroin-
testinal Cancers. Am. J. Chin. Med. 2016, 44, 1–22. [CrossRef] [PubMed]

14. Li, X.; Qu, L.; Dong, Y.; Han, L.; Liu, E.; Fang, S.; Zhang, Y.; Wang, T. A review of recent research progress on the astragalus genus.
Molecules 2014, 19, 18850–18880. [CrossRef]

15. Tian, L.; Tao, S.; He, C.; Dong, S.; Chen, Y.; Chen, L.; Jiang, S. Astragaloside IV regulates TL1A and NF-κB signal pathway to affect
inflammation in necrotizing enterocolitis. Tissue Cell 2023, 83, 102128. [CrossRef]

16. Sun, Y.; Ma, Y.; Sun, F.; Feng, W.; Ye, H.; Tian, T.; Lei, M. Astragaloside IV attenuates lipopolysaccharide induced liver injury by
modulating Nrf2-mediated oxidative stress and NLRP3-mediated inflammation. Heliyon 2023, 9, e15436. [CrossRef] [PubMed]

17. Liu, F.; Ran, F.; He, H.; Chen, L. Astragaloside IV Exerts Anti-tumor Effect on Murine Colorectal Cancer by Re-educating
Tumor-Associated Macrophage. Arch. Immunol. Ther. Exp. 2020, 68, 33. [CrossRef] [PubMed]

18. Min, L.; Wang, H.; Qi, H. Astragaloside IV inhibits the progression of liver cancer by modulating macrophage polarization
through the TLR4/NF-κB/STAT3 signaling pathway. Am. J. Transl. Res. 2022, 14, 1551–1566.

19. Zhao, Y.; Wang, L.; Wang, Y.; Dong, S.; Yang, S.; Guan, Y.; Wu, X. Astragaloside IV inhibits cell proliferation in vulvar squamous
cell carcinoma through the TGF-β/Smad signaling pathway. Dermatol. Ther. 2019, 32, e12802. [CrossRef] [PubMed]

20. Gong, Y.F.; Hou, S.; Xu, J.-C.; Chen, Y.; Zhu, L.-L.; Xu, Y.-Y.; Chen, Y.-Q.; Li, M.-M.; Li, L.-L.; Yang, J.-J.; et al. Amelioratory effects
of astragaloside IV on hepatocarcinogenesis via Nrf2-mediated pSmad3C/3L transformation. Phytomedicine 2023, 117, 154903.
[CrossRef] [PubMed]

21. Wang, X.; Gao, S.; Song, L.; Liu, M.; Sun, Z.; Liu, J. Astragaloside IV antagonizes M2 phenotype macrophage polarization-evoked
ovarian cancer cell malignant progression by suppressing the HMGB1–TLR4 axis. Mol. Immunol. 2021, 130, 113–121. [CrossRef]

22. Jiang, X.; Wang, J.; Deng, X.; Xiong, F.; Ge, J.; Xiang, B.; Wu, X.; Ma, J.; Zhou, M.; Li, X.; et al. Role of the tumor microenvironment
in PD-L1/PD-1-mediated tumor immune escape. Mol. Cancer 2019, 18, 10. [CrossRef]

23. Han, Y.; Liu, D.; Li, L. PD-1/PD-L1 pathway: Current researches in cancer. Am. J. Cancer Res. 2020, 10, 727–742. [PubMed]
24. Kim, J.M.; Chen, D.S. Immune escape to PD-L1/PD-1 blockade: Seven steps to success (or failure). Ann. Oncol. 2016, 27,

1492–1504. [CrossRef] [PubMed]
25. Ayers, M.; Lunceford, J.; Nebozhyn, M.; Murphy, E.; Loboda, A.; Kaufman, D.R.; Albright, A.; Cheng, J.D.; Kang, S.P.; Shankaran,

V.; et al. IFN-γ-related mRNA profile predicts clinical response to PD-1 blockade. J. Clin. Investig. 2017, 127, 2930–2940. [CrossRef]
26. Akache, B.; McCluskie, M.J. The Quantification of Antigen-Specific T Cells by IFN-γ ELISpot. Methods Mol. Biol. 2021, 2183,

525–536. [PubMed]
27. Qian, J.; Wang, C.; Wang, B.; Yang, J.; Wang, Y.; Luo, F.; Xu, J.; Zhao, C.; Liu, R.; Chu, Y. The IFN-γ/PD-L1 axis between T cells

and tumor microenvironment: Hints for glioma anti-PD-1/PD-L1 therapy. J. Neuroinflamm. 2018, 15, 290. [CrossRef]
28. Liu, W.; Chen, H.; Wang, D. Protective role of astragaloside IV in gastric cancer through regulation of microRNA-195-5p-mediated

PD-L1. Immunopharmacol. Immunotoxicol. 2021, 43, 443–451. [CrossRef]
29. Roush, S.; Slack, F.J. The let-7 family of microRNAs. Trends Cell Biol. 2008, 18, 505–516. [CrossRef]
30. Zhang, B.; Pan, X.; Cobb, G.; Anderson, T. microRNAs as oncogenes and tumor suppressors. Dev. Biol. 2007, 302, 1–12. [CrossRef]
31. Dahiya, N.; Atreya, C. MiRNA-103b Downregulates ITGB3 and Mediates Apoptosis in Ex Vivo Stored Human Platelets. Microrna

2021, 10, 123–129. [CrossRef] [PubMed]
32. Nie, Y.L.; Tang, S.-M.; Peng, F.; Xu, T.; Mao, Y.-R. miRNA-191 promotes proliferation, migration and invasion of prostate cancer

by targeting PLCD1. Zhongguo Ying Yong Sheng Li Xue Za Zhi 2020, 36, 637–641.
33. Zheng, S.; Jiang, F.; Ge, D.; Tang, J.; Chen, H.; Yang, J.; Yao, Y.; Yan, J.; Qiu, J.; Yin, Z.; et al. LncRNA SNHG3/miRNA-151a-

3p/RAB22A axis regulates invasion and migration of osteosarcoma. Biomed. Pharmacother. 2019, 112, 108695. [CrossRef]
34. Miliotis, C.; Slack, F.J. miR-105-5p regulates PD-L1 expression and tumor immunogenicity in gastric cancer. Cancer Lett. 2021, 518,

115–126. [CrossRef] [PubMed]
35. Zhang, H.; Zhu, C.; He, Z.; Chen, S.; Li, L.; Sun, C. LncRNA PSMB8-AS1 contributes to pancreatic cancer progression via

modulating miR-382-3p/STAT1/PD-L1 axis. J. Exp. Clin. Cancer Res. 2020, 39, 179. [CrossRef]
36. Long, J.K.; Dai, W.; Zheng, Y.W.; Zhao, S.P. miR-122 promotes hepatic lipogenesis via inhibiting the LKB1/AMPK pathway by

targeting Sirt1 in non-alcoholic fatty liver disease. Mol. Med. 2019, 25, 26. [CrossRef]
37. Wu, S.Y.; Fu, T.; Jiang, Y.-Z.; Shao, Z.-M. Natural killer cells in cancer biology and therapy. Mol. Cancer 2020, 19, 120. [CrossRef]

[PubMed]
38. Xiang, Y.; Guo, Z.; Zhu, P.; Chen, J.; Huang, Y. Traditional Chinese medicine as a cancer treatment: Modern perspectives of ancient

but advanced science. Cancer Med. 2019, 8, 1958–1975. [CrossRef]
39. Guo, H.; Zhao, J.; Wu, C. Astragaloside IV-enhanced anti-hepatocarcinoma immunity of dendritic cells. Asian J. Surg. 2022, 45,

1216–1218. [CrossRef]

https://doi.org/10.1016/j.jfda.2018.01.003
https://doi.org/10.1016/j.jep.2022.115748
https://doi.org/10.1016/j.phrs.2021.105728
https://doi.org/10.1142/S0192415X16500014
https://www.ncbi.nlm.nih.gov/pubmed/26916911
https://doi.org/10.3390/molecules191118850
https://doi.org/10.1016/j.tice.2023.102128
https://doi.org/10.1016/j.heliyon.2023.e15436
https://www.ncbi.nlm.nih.gov/pubmed/37113780
https://doi.org/10.1007/s00005-020-00598-y
https://www.ncbi.nlm.nih.gov/pubmed/33095374
https://doi.org/10.1111/dth.12802
https://www.ncbi.nlm.nih.gov/pubmed/30536730
https://doi.org/10.1016/j.phymed.2023.154903
https://www.ncbi.nlm.nih.gov/pubmed/37301185
https://doi.org/10.1016/j.molimm.2020.11.014
https://doi.org/10.1186/s12943-018-0928-4
https://www.ncbi.nlm.nih.gov/pubmed/32266087
https://doi.org/10.1093/annonc/mdw217
https://www.ncbi.nlm.nih.gov/pubmed/27207108
https://doi.org/10.1172/JCI91190
https://www.ncbi.nlm.nih.gov/pubmed/32959265
https://doi.org/10.1186/s12974-018-1330-2
https://doi.org/10.1080/08923973.2021.1936013
https://doi.org/10.1016/j.tcb.2008.07.007
https://doi.org/10.1016/j.ydbio.2006.08.028
https://doi.org/10.2174/2211536610666210604121854
https://www.ncbi.nlm.nih.gov/pubmed/34086556
https://doi.org/10.1016/j.biopha.2019.108695
https://doi.org/10.1016/j.canlet.2021.05.037
https://www.ncbi.nlm.nih.gov/pubmed/34098061
https://doi.org/10.1186/s13046-020-01687-8
https://doi.org/10.1186/s10020-019-0085-2
https://doi.org/10.1186/s12943-020-01238-x
https://www.ncbi.nlm.nih.gov/pubmed/32762681
https://doi.org/10.1002/cam4.2108
https://doi.org/10.1016/j.asjsur.2022.01.074


Cancers 2023, 15, 5048 14 of 14

40. Xiao, L.; Dai, Z.; Tang, W.; Liu, C.; Tang, B. Astragaloside IV Alleviates Cerebral Ischemia-Reperfusion Injury through NLRP3
Inflammasome-Mediated Pyroptosis Inhibition via Activating Nrf2. Oxid. Med. Cell Longev. 2021, 2021, 9925561. [CrossRef]

41. Yi, M.; Niu, M.; Xu, L.; Luo, S.; Wu, K. Regulation of PD-L1 expression in the tumor microenvironment. J. Hematol. Oncol. 2021,
14, 10. [CrossRef] [PubMed]

42. Numata, Y.; Akutsu, N.; Ishigami, K.; Koide, H.; Wagatsuma, K.; Motoya, M.; Sasaki, S.; Nakase, H. Synergistic effect of IFN-γ
and IL-1β on PD-L1 expression in hepatocellular carcinoma. Biochem. Biophys. Rep. 2022, 30, 101270. [CrossRef] [PubMed]

43. Hill, M.; Tran, N. miRNA interplay: Mechanisms and consequences in cancer. Dis. Model. Mech. 2021, 14, dmm047662. [CrossRef]
44. Zhang, Z.; Che, X.; Yang, N.; Bai, Z.; Wu, Y.; Zhao, L.; Pei, H. miR-135b-5p Promotes migration, invasion and EMT of pancreatic

cancer cells by targeting NR3C2. Biomed. Pharmacother. 2017, 96, 1341–1348. [CrossRef] [PubMed]
45. Li, X.; Li, Y.; Jiang, L.N.; Zhu, L.; Lu, F.M.; Zhao, J.M. A preliminary discussion on carnosine dipeptidase 1 as a potential novel

biomarker for the diagnostic and prognostic evaluation of hepatocellular carcinoma. Zhonghua Gan Zang Bing Za Zhi 2023, 31,
627–633.

46. Kubiniok, P.; Marcu, A.; Bichmann, L.; Kuchenbecker, L.; Schuster, H.; Hamelin, D.J.; Duquette, J.D.; Kovalchik, K.A.; Wessling, L.;
Kohlbacher, O.; et al. Understanding the constitutive presentation of MHC class I immunopeptidomes in primary tissues. iScience
2022, 25, 103768. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1155/2021/9925561
https://doi.org/10.1186/s13045-020-01027-5
https://www.ncbi.nlm.nih.gov/pubmed/33413496
https://doi.org/10.1016/j.bbrep.2022.101270
https://www.ncbi.nlm.nih.gov/pubmed/35573813
https://doi.org/10.1242/dmm.047662
https://doi.org/10.1016/j.biopha.2017.11.074
https://www.ncbi.nlm.nih.gov/pubmed/29196101
https://doi.org/10.1016/j.isci.2022.103768

	Introduction 
	Materials and Methods 
	Tissue Sample Collection 
	Cell Culture and Transfection 
	AS-IV and IFN- Treatment 
	CCK-8 Assay 
	PBMCs Mediated Tumour Cell Killing 
	Flow Cytometry 
	Animal Model 
	Immunohistochemistry Analysis 
	Western Blot Analysis 
	Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) 
	Dual-Luciferase Reporter Assay 
	Statistical Analysis 

	Results 
	AS-IV Inhibits the IFN–Triggered Increase in PD-L1 Expression and Mitigates Immune Suppression Mediated by PD-L1 
	AS-IV Inhibits HCC Growth and Alleviates PD-L1-Mediated Immune Suppression 
	Expression of miR-135b-5p in HCC Tissues 
	AS-IV Alleviates PD-L1-Mediated Immune Suppression via MiR-135b-5p 
	MiR-135b-5p Directly Interacts with CNDP1 
	AS-IV Alleviates PD-L1-Mediated Immune Suppression through the MiR-135b-5p/ CNDP1 Axis 

	Discussion 
	Conclusions 
	References

