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Abstract
Background: Sorafenib (SO), inhibitor of receptor tyrosine kinase, possesses anti-tumor ability in
hepatocellular carcinoma (HCC) by anti-angiogenic effects. However, patients with advanced HCC are
resistant to SO. Dysregulated micro-RNA (miRNA) has been shown to be associated with the drug
resistance of tumors. Little is known about the effect of miRNA-140-5p on SO-resistance of HCC.

Methods: The human HCC cell line Hep3B and Huh-7 were used in this study. The miRNA microarray was
used to sequence the transcripts of SO-chemoresistance HCC tissues and SO-chemosensitive tissues.
Then, the HCC tissue chip in the GEO database was also analyzed to screen the target gene. Flow
cytometry, in situ hybridisation (ISH), immunohistochemistry (IHC), Western blot, cell proliferation assay,
transmission electron microscopy (TEM), real-time PCR analyses (qRT-PCR), and pull-down assay were
used to explore the effects of miRNA-140-5p and programmed death ligand-1 (PD-L1) on the
chemoresistance, autophagy, and stemness of SO-resistant HCC cells treated with SO. In vivo, the SO-
resistant HCC cell lines treated with miRNA-140-5p overexpression were injected subcutaneously into
mice to construct HCC subcutaneous xenograft tumor models.

Results: Based on miRNA microarray, GEO database, and bioinformatics analysis, it was found that
miRNA-140-5p and PD-L1 are the core molecules in the SO resistance regulatory network in HCC, and
lower miRNA-140-5p and higher PD-L1 expression levels were observed in SO-resistant HCC tissues and
cells. IHC results showed that compared with HCC tissues with high miRNA-140-5p expression, PD-L1
protein expression levels in HCC tissues with low miRNA-140-5p was signi�cantly higher (P<0.01).
Moreover, compared with SO-sensitive tissues, the levels of PD-L1 protein expression in SO-resistance
tissues were signi�cantly higher (P<0.01). In in vitro and in vivo experiments, the introduction of miRNA-
140-5p can decreased PD-L1 expression. Mechanically, we found that the Hep3B/SO and Huh-7/SO cells
pretreated with miRNA-140-5p inhibitor or exosomes containing PD-L1 have higher autophagy activity,
higher stemness, and lower apoptosis rate, which could be abrogated by co-treating cells with anti-PD-L1
antibody or miRNA-140-5p mimic.

Conclusions: MiRNA-140-5p can suppress the PD-L1 expression in HCC cells-derived exosomes, thereby
attenuating the chemoresistance, autophagy and stemness induced by SO in HCC.

Background
Hepatocellular carcinoma (HCC) is one of the most common malignancies all over the world [1, 2]. Global
Cancer Statistics 2020 estimated that there were 905,677 new cases of HCC and 830,180 deaths from
HCC [2]. Chemotherapy resistance reduces the sensitivity of HCC to chemotherapy drugs and limits the
clinical application of chemotherapy [3,4]. The current effectiveness of various chemotherapy regimens is
only about 30%, and multi-drug resistance is still a very noticeable obstacle [5]. Sorafenib (SO) is the
cornerstone drug for the treatment of HCC and can signi�cantly inhibit tumor progression [6]. However,
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the underlying mechanism of SO-resistance in HCC cells and the underlying mechanism of SO-resistance
cell lines on HCC autophagy and stemness properties remain unclear.

Autophagy is closely related to the occurrence and development of tumors [7–9]. When the cells become
cancerous, the level of autophagy increases under the stimulation of various pathological factors such as
hypoxia, starvation, radiotherapy, and chemotherapy [9]. Its protective effect makes the cells better adapt
to the harsh living environment to maintain survival, promote tumor progression, and produce multi-drug
resistance. Under the electron microscope, it can also be found that SO causes increased autophagy
vesicles in HCC cells, all of which can prove that SO causes enhanced autophagy in HCC cells [10].

Programmed death ligand-1 (PD-L1) is expressed on the surface of a variety of tumor cells and is related
to the immune escape of tumors [11]. PD-L1 is the ligand of the programmed death 1 (PD-1) receptor
molecule, and PD-1 is an important immunosuppressive molecule [11]. Immunomodulation targeting PD-
L1 is of great signi�cance for anti-tumor, anti-infection, anti-autoimmune diseases, and organ transplant
survival [12]. However, tumor cells can produce PD-L1, which can bind to the PD-1 protein on the surface
of T cells, making T cells unable to recognize and kill tumor cells, thereby promoting tumor progression
[13].

Studies have pointed out that the abnormal regulation of micro-RNA (miRNA) can promote the occurrence
and development of tumors and can also promote the resistance of tumor cells to anti-tumor drugs by
promoting or inhibiting autophagy [14, 15]. Several previous studies demonstrated that miRNA-140-5p
can inhibit the proliferation, migration, epithelial-mesenchymal transition, and doxorubicin resistance of
HCC [16–18]. However, the effect and underlying mechanism of miRNA-140-5p on SO-induced HCC
chemotherapy resistance, autophagy, and stemness have not been reported.

In this study, based on the miRNA microarray and bioinformatics methods, we identi�ed that miRNA-140-
5p was dramatically downregulated in SO-resistant HCC cells. We generated SO-resistant HCC cell lines
Hep3B/SO and Huh-7/SO and con�rmed that miRNA-140-5p can inhibit autophagy and stemness and
enhance the sensitivity of SO-resistant HCC cells to SO by inhibiting PD-L1. In vivo experiments further
showed that miRNA-140-5p exerted marked anti-tumor effects through targeting PD-L1. Our work
broadened our knowledge of the pathogenesis of SO-induced chemoresistance, autophagy, and stemness
in HCC, and provided potential treatments for this disease.

Materials And Methods
Clinical specimens’ collection

Informed consent was obtained from each patient included in the study, and the study conforms
according to The Code of Ethics of the World Medical Association (Declaration of Helsinki, 18 July 1964).
This study was approved by the Clinical Medical Research Ethics Committee of the Zhongda Hospital of
Southeast University (Approval number: 2019-A019R1). Forty-six paired HCC and adjacent tissues were
obtained from HCC patients who received the same chemotherapy treatment at Zhongda Hospital of
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Southeast University. According to the HUVOS grading [19], HCC patients were classi�ed as
chemoresistance or chemosensitive responders. The 46 HCC patients in this study included 23 SO-
sensitive patients and 23 SO-resistant patients.

Cell culture

Human HCC cell lines [Hep3B (RRID: CVCL_XE54), HepG2 (RRID: CVCL_0027), Huh-7 (RRID: CVCL_0336),
HLE (RRID: CVCL_X149), and SK-HEP-1 (RRID: CVCL_0525)] were purchased from the Chinese Academy
of Medical Sciences (Beijing, China). Hep3B, HepG2, Huh-7, HLE, and SK-HEP1 cells were cultured in RPMI
1640 Medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% FBS (Invitrogen, Carlsbad, CA, USA)
and 1% penicillin/streptomycin at 37 °C in 5% CO2.

Oligonucleotide transfection

Synthetic miRNA-140-5p mimic, inhibitor and their negative control oligonucleotides were purchased
from Aibosi Biological Co., Ltd. (Shanghai, China). Target cells were transfected with miRNA-140-
5p mimics or inhibitor and correlated negative control using Lipofectamine® 3000 reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s protocol.

Establishment of SO-resistant cell lines

In this study, SO-resistant cell lines (Hep3B/SO and Huh-7/SO) were established by exposing Hep3B and
Huh-7 cells to gradually increasing the dose of SO. The cells in the logarithmic growth phase were seeded
into RPMI 1640 Medium containing SO and 10% FBS for culture. The initial drug concentration was
selected to be 0.1μg/mL, the original concentration of culture medium was discarded after 24 hours of
induction and replaced with a new concentration of culture medium. Each time the drug concentration
was increased by 0.1μg/mL, the induction lasted 6 months in total.

MiRNA microarray

Total RNA (100 ng) from the pooled samples of patients with chemoresistance (n=16) and
chemosensitive (n=8) were used for miRNA microarray pro�ling. Total RNA was labeled by means of the
miRNA Complete Labeling and Hyb Kit (Affymetrix) and hybridized on the Human MicroRNA Microarray
Kit (release 16.0). miRNA microarray analysis was performed with a total of 1366 represented miRNAs
(Xinkerui Economic and Trade Co., Ltd., Harbin, China) following the manufacturer’s instruction.

Bioinformatics analysis

This study used Gene Expression Omnibus (GEO) database, STRING (https://string-db.org/) database,
and DAVID (http://david).abcc.ncifcrf.gov/) database. The differentially expressed genes related to SO
resistance in HCC were entered into the STRING database to search the interaction relationship between
the proteins online, and the combined score>0.4 was used as the screening condition. The GSE73571
HCC tissue chip was selected using "hepatocellular carcinoma" AND "Sorafenib" as the search keywords.



Page 5/25

The chip included 21 patients with locally advanced HCC who received SO-based chemotherapy and were
�nally clinically evaluated 6 months after the end of treatment. Among them, 12 patients were in
chemosensitive and 9 patients in chemoresistance. We used the limma R package to analyze the
differences in the expression pro�les of the two groups of patients and screened out the differential
genes related to SO resistance in HCC. 

In situ hybridisation (ISH) and immunohistochemistry (IHC)

ISH and IHC were performed as previously described using PD-L1 antibody (Thermo Fisher Scienti�c Cat#
13-9971-85, RRID: AB_467011) and a 5’-digoxigenin (DIG) and 3’-DIG-labelled locked nucleic acid-based
probe speci�c for miRNA-140-5p on HCC tissue. The results of IHC and ISH were independently observed
by two pathologists. The intensity of staining was divided into four grades (intensity scores): negative (0),
weak (1), moderate (2) and strong (3).

Transmission electron microscopy (TEM)

The cells were harvested with trypsin EDTA and �xed in 4% formaldehyde and 2.5% glutaraldehyde in 0.1
M sodium cacodylate buffer (pH=7.4). Fix it in buffered 1% osmium tetroxide, embed it in 2.5%
glutaraldehyde and �x it twice, and cut it into 1 mm cubes. Then, it is dehydrated by graded ethanol series
and propylene oxide before the microwave penetrates the 1:1 Super/Epon resin. The polymerized blocks
were sliced on Reichert Ultra cut E, 70nm slices were mounted on a 100-mesh grid and stained in uranyl
acetate and Reynold’s lead citrate (12 or 6 seconds, respectively). Images were taken on a HITACHI
HT7700 TEM (Tokyo, Japan) at 80 kV.

Cell proliferation assay 

Digest the target cells in the logarithmic growth phase with trypsin, resuspend the culture medium and
spread a 96-well plate at a cell density of 5 × 103 cells/well. When the cell con�uence reaches 80%,
different concentrations of SO are added. After 24 hours, discard the drug-containing culture medium,
add 20 μl MTS (Shanghai Yihui Biological Technology Co., Ltd., Shanghai, China) to each well, incubate
at 37°C in the dark for 2 to 4 h, and detect each well with a microplate reader. The absorbance value of
the hole at a wavelength of 490 nm. Cell proliferation rate % = (average value of the experimental group-
average value of background plate/average value of control group-average value of background plate) ×
100%.

Real-time PCR analyses (qRT-PCR)

Total RNAs were extracted using Invitrogen™ TRIzol™ Reagent (Thermo Fisher Scienti�c, USA) and were
reversely transcribed into cDNA using PrimeScriptTM RT Master Mix (Takara, Japan). U6 and GAPDH
were used as the housekeeping genes. The primer sequences used for qRT-PCR were 5′-
CTCGCATGCGGCCAGCCCAAC-3′ (upstream) and 5′-GATCACTTCAGGCGACGGTCAGA-3′ (downstream) for
PD-L1; 5′-GATCGCAGGCTGACC-3′ (upstream) and 5′-AGTGCGACTTAGAGCGT-3′ (downstream) for miRNA-
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140-5p; 5′-ATCGGATCCGCAGCGGACA-3′ (upstream) and 5′-GCTGCGTAAGACCAGCCCA-3′ (downstream)
for OCT4; 5′-GCGATGTCGACCACGGCGAA-3′ (upstream) and 5′-CGTGGACCGATACCGGACTGAA-3′
(downstream) for SOX2; 5′-ATCGGAGCTCGGGACAGTCA-3′ (upstream) and 5′-
CTGAAGCGGATGGTACGCAGG-3′ (downstream) for Nanog; 5′-TTGCGAGCTGGCAGCTACTCAA-3′
(upstream) and 5′-CGAATTCATGCGGGTAGC-3′ (downstream) for ALDH1; 5′-GCACCACGAACTGACTAA-3′
(upstream) and 5′-ACTTCTGGCGGCAAGGATG-3′ (downstream) for U6; and 5’-CTCGGCTCGACGAGCACA-
3’ (upstream) and 5’-AACGCTGGACGACTGCCCGT-3’ (downstream) for GAPDH. The relative level was
calculated by the 2-△Ct (U6 or GAPDH as control) or 2-△△Ct (The control group as control) method.

Western blot

The proteins of PD-L1 and β-actin were tested by Western blot. The rabbit anti-PD-L1 (1:1000, Thermo
Fisher Scienti�c Cat# 13-9971-85, RRID: AB_467011), CD63 (US Biological Cat# C2418-02K, RRID:
AB_2076611), CD9 (GeneTex Cat# GTX23923, RRID: AB_385140), CD81 (Frontier Institute Cat# CD81-Mo-
MY005, RRID:AB_2722744), and β-actin (1:2000, Miltenyi Biotec Cat# 130-120-278, RRID: AB_2857518)
antibodies were added overnight at 4 °C. The secondary antibody was then added and incubated at room
temperature for 0.5 h the next day. Immunoreactive bands were visualized with an ECL kit (Promoter,
Wuhan, China) and pictured by GeneGnome5 Chemiluminescence Series Image Capture (Syngene,
Frederick, MD, USA) according to manufacturers’ instructions. Blot densitometric analysis was done by
ImageJ software (NIH, USA).

Flow cytometry (FCM) assay 

Cell apoptosis was determined by FCM after staining with Annexin V (FITC-conjugated) apoptosis kit.
Brie�y, target HCC cells were stained with 5 µl Annexin V-FITC and propidium iodide (PI), respectively, and
incubated for 15 min in the dark, and then analyzed by �ow cytometry.

Dual-luciferase reporter gene system

PD-L1 3’UTR containing miRNA-140-5p binding site was constructed into pGL3 vectors (Wuhan Jinkairui
Biological Co., Ltd. Wuhan, China) to form wide type (WT)-PD-L1. Mutant type (MuT)-PD-L1 was
generated through GeneArt™ Site-Directed Mutagenesis System (Invitrogen, Carlsbad, CA, USA). Then,
they were co-transfected with pRL-TK vectors (Wuhan Jinkairui Biological Co., Ltd. Wuhan, China)
and miRNA-140-5p mimic or correlated negative control into Hep3B and Huh-7 cells. Luciferase activities
were determined after 48 hours.

Pull-down assay

The biotin-labeled probe for 3′ untranslated region (3′ UTR) region of PD-L1 was designed and
synthesized by Shanghai Walan Biotechnology Co., Ltd. (Shanghai, China). The pull-down assay was
conducted to assess its binding ability with miRNA-140-5p. Brie�y, the cells were �xed, lysed, and
centrifuged, the supernatants were used as input, and the above probes were incubated with the
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supernatants overnight at room temperature. After that, the lysis buffer and Proteinase K were used to
reverse the formaldehyde crosslinking. qRT-PCR was conducted to examine miRNA-140-5p levels. 

Isolation and puri�cation of exosomes

The cell culture supernatant was centrifuged at 2000 g for 20 minutes. The microvesicles were
centrifuged at 16,500 g for 45 minutes and then pelleted and resuspended in phosphate buffered saline
(PBS). After that, the supernatant was centrifuged at 100,000g for 2 hours at 4°C, and the exosomes were
suspended in PBS and collected by ultracentrifugation at 100,000g for 2 hours. Finally, according to the
manufacturer's protocol, the exosomes were puri�ed using a commercial exosome isolation kit
(Invitrogen, USA).

Establishment of xenograft mice models

Humane care was given during the experimental animal breeding and experimental procedures following
the 3R principle of experimental animals. Experiments were performed under a project license (NO.:
C201901A-003) granted by the Ethics Committee of the Zhongda Hospital of Southeast University, in
compliance with the Zhongda Hospital of Southeast University’s guidelines for the care and use of
animals. Twelve BALB/c nude mice (20-22 g, 4-6 weeks old, female:male=1:1) were obtained
from Shanghai Jie Sijie Laboratory Animal Co., Ltd. (Shanghai, China). The culture of mice and
subsequent experiments were carried out in SPF animal laboratories. 

Twelve mice were divided into four groups according to the random number table method, three in each
group. 5×106 of control Hep3B/SO cells, miRNA-140-5p overexpressing Hep3B/SO cells, control Huh-
7/SO cells, and miRNA-140-5p overexpressing Huh-7/SO cells were subcutaneously injected into nude
mice to establish the xenograft model. After the model was successfully established, SO injection was
performed to inject into the abdominal cavity once every three days at a dose of 3 mg/kg for a total of 5
times. The effect of SO on transplanted tumors in mice was observed. The diameter of each xenograft
tumor was measured before each administration. The tumor volume was calculated regularly according
to the formula: Volume of tumor (mm3) = (length × width2)/2. The nude mice were sacri�ced 7 days after
the last dose. 

Statistical analysis

The data analysis and processing software used in this study include R version 3.6.1 (81 megabytes, 64
bit), Cytoscape version 3.7.2 (http://www.cytoscape.org/), and GraphPad Prism version 7.0
(GraphPadSoftware, La Jolla, CA). All experiments were performed in triplicate unless speci�ed. Results
were represented as the mean±standard deviation (SD). The differences between normally distributed
numeric variables were evaluated by Student’s t-test. One-way ANOVA was used for the comparison
among multiple groups if the variance was homogeneous. Multiple comparisons between the groups
were performed using the S-N-K method. Correlations were analyzed using the Pearson correlation
analysis. P<0.05 was considered signi�cant.
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Results
Characterization of SO resistance in Hep3B/SO and Huh-7/SO cells

The SO cytotoxicity for Hep3B, HepG2, Huh-7, HLE, and SK-HEP1 cell lines was examined. Hep3B cells
possessed the most sensitivity to SO accompanied by the lowest half maximal inhibitory concentration
(IC50), whereas Huh-7 cells possessed the least sensitive accompanied by the highest IC50 (Figure 1A,
1B). Then, the SO-resistant cell lines (Hep3B/SO and Huh-7/SO) were established. Figure 1C and 1D
showed the cell morphology of each group under a light microscope. We found that Hep3B/SO and Huh-
7/SO cell lines are slenderer, with binuclear cells visible, and there are obvious intracellular blanks.
Furthermore, we characterized SO resistance in Hep3B/SO and Huh-7/SO cell lines. After exposure to
gradually increasing dose of SO for 2 days, the IC50 values were 1.88±0.12 μg/ml and 4.79±0.37 μg/ml
for Hep3B/SO and Huh-7/SO cell lines, respectively, showing a 4.95- and 1.82-fold increase as compared
to parental cell lines (Hep3B: 0.38±0.05 μg/ml, Figure 1E; Huh-7: 2.63±0.38 μg/ml, Figure 1F).

Screening of SO resistance-related miRNAs in HCC

We analyzed 1,366 human miRNAs between SO-chemoresistance (n=16) group and SO-chemosensitive
(n=8) group using Human miRNA Microarray Kit Release 16.0, 8x60K. Among the tissue samples, 8 are
from SO-chemosensitive patients and 16 are from SO-chemoresistance patients. Using Mann-Whitney U
Test, a miRNA is considered as differentially expressed when FC>2.0 and P<0.05. A total of 13 candidate
human miRNAs are identi�ed for further testing via qRT-PCR, including miRNA-21, miRNA-29b-3p, let-7g-
5p, miRNA-126-3p, miRNA-4286, miRNA-634, miRNA-4310, miRNA-817-3p, miRNA-3679-3p, miRNA-140-
5p, miRNA-129-3p, miRNA-151a-3p, and miRNA-361-5p, as is shown in the heatmap (Figure 2A). Next, we
detected the expression levels of the above 13 miRNAs in two SO-resistant cell lines. The qRT-PCR results
showed that the expression of miRNA-817-3p and miRNA-140-5p was signi�cantly reduced in
the Hep3B/SO and Huh-7/SO cell lines, while the expression of miRNA-126-3p was signi�cantly increased
(P<0.05, Figure 2B). Moreover, we further veri�ed the expression of miRNAs in tumor tissues of 46 HCC
patients. The results showed that compared with SO-chemosensitive patients, the levels of miRNA-140-5p
in tumor tissues of SO-chemoresistance patients were signi�cantly lower, while the expression of miRNA-
126-3p and miRNA-817-3p was not statistically signi�cant between the two groups of patients (Figure
2C). Finally, we measured miRNA-140-5p expression in HCC patients’ tissues using ISH. miRNA-140-5p
was signi�cantly downregulated in SO-chemoresistance tissues compared with SO-chemosensitive
tissues (P<0.01, Figure 2D).

Intracellular PD-L1 was targeted and inhibited by overexpressing miRNA-140-5p in Hep3B/SO, Huh-7/SO
cells, and HCC tissues

Then, we searched the interactions between differentially expressed genes related to SO resistance
through the STRING database. Finally, we screened the 10 differentially expressed genes (PD-L1, MZB1,
CXCL9, NKG7, OLR1, NFIL3, LOGR, CCL5, ADIPOQ, MMP13) with the highest degree as core genes.
Subsequently, the pheatmap package was used to perform bi-clustering analysis on the 10 core genes,
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and the results are shown in Figure 3A. In addition, we also used the pROC package to perform ROC curve
analysis on 10 core genes in the PPI network. PD-L1 possesses a high diagnostic value in SO-resistant
HCC patients (AUC=0.947, Figure 3B).

The protein PD-L1 could be sponged and inhibited by miRNA in multiple cancers, which further enhanced
the e�cacy of cancer immunotherapy [20, 21]. The online StarBase software predicted the binding sites
of miRNA-140-5p and the 3′ UTR of PD-L1 mRNA (Figure 4A), and the dual-luciferase reporter gene
system validated these binding sites (Figure 4B). Similarly, the PD-L1 probe pull-down assay results
veri�ed that miRNA-140-5p could be enriched by the probes of 3′ UTR region of PD-L1 mRNA in
Hep3B/SO and Huh-7/SO cells (Figure 4C). In addition, the miRNA-140-5p inhibitor and mimic were
successfully delivered into the Hep3B/SO and Huh-7/SO cells (Figure 4D), and the results indicated that
overexpressed miRNA-140-5p signi�cantly inhibited mRNA levels of PD-L1 in Hep3B/SO and Huh-7/SO
cells, which were enhanced by transfecting cells with miRNA-140-5p inhibitor (Figure 4D). Consistently,
introduction of miRNA-140-5p also decreased PD-L1 expression in Hep3B/SO and Huh-7/SO cells, which
were increased by inhibiting miRNA-140-5p (Figure 4E).

The expression levels of miRNA-140-5p and PD-L1 in SO-sensitive and -resistant HCC tissues

We found that miRNA-140-5p expression was signi�cantly downregulated in HCC tissues, while the PD-L1
mRNA level was upregulated, compared to adjacent tissues (P<0.01, Figure 5A, 5B). Further analysis
indicated that miRNA-140-5p expression was negatively correlated with PD-L1 mRNA level in HCC tissue
(r=-0.495, P<0.001, Figure 5C). Similarly, miRNA-140-5p (Figure 5D) was downregulated, while the PD-L1
(Figure 5E) mRNA level was upregulated in SO-resistance tissues than in SO-sensitive tissues. IHC results
showed that compared with HCC tissues with high miRNA-140-5p expression, PD-L1 protein expression
levels in HCC tissues with low miRNA-140-5p was signi�cantly higher (P<0.01, Figure 5F). Moreover,
compared with SO-sensitive tissues, the levels of PD-L1 protein expression in SO-resistance tissues were
signi�cantly higher (P<0.01, Figure 5G).

MiRNA‐140‐5p downregulated extracellular PD-L1 in Hep3B/SO and Huh-7/SO cells

Based on the previous results (Figure 4E), we have found that miRNA-140-5p can target and inhibit the
expression of intracellular PD-L1 in the Hep3B/SO and Huh-7/SO cells. Furthermore, the Hep3B/SO and
Huh-7/SO cells derived exosomes were isolated from the supernatants, and analyzed by the Western blot
for CD63, CD9, CD81 (Figure 6A) and PD-L1 (Figure 6B) expressions. The results showed that the
exosome markers CD63, CD9, and CD81 were high-expressed in the isolated exosomes (Figure 6A),
indicating that the exosomes were successfully puri�ed. Besides, we observed that PD-L1 protein existed
in the exosomes (Figure 6B). Interestingly, knock-down of miRNA-140-5p increased the exosomal PD-L1
levels in the supernatants, which was restored by upregulating miRNA-140-5p (Figure 6B), suggesting that
miRNA-140-5p regulated extracellular exosomal PD-L1 in Hep3B/SO and Huh-7/SO cells.

MiRNA-140-5p inhibits SO-induced chemoresistance, autophagy, and stemness by down-regulating the
levels of PD-L1 in Hep3B/SO and Huh-7/SO cells-derived exosomes 
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According to the previous research, cancer cells derived exosomes regulated chemoresistance,
autophagy, and stemness of cancer cells in HCC [22]. Thus, the effects of HCC cell derived exosomes on
HCC cell chemoresistance, autophagy, and stemness were investigated. By co-culturing the HCC cell
derived exosomes with SO-sensitive HCC cells, the PD-L1 levels in Hep3B and Huh-7 cells were
signi�cantly upregulated (Figure 7A), suggesting that exosomal PD-L1 invaded the cytoplasm of the
above HCC cells (Figure 7B). Besides, the mRNA expression levels of the stemness associated markers
(OCT4, Nanog, SOX2, and ALDH1) in Hep3B/SO and Huh-7/SO cells were all increased by exosomes or
miRNA-140-5p inhibitor treatment, compared to the control and NC groups, but anti-PD-L1 antibody or
miRNA-140-5p mimic treatment abrogated the effects of Hep3B/SO and Huh-7/SO cells-derived
exosomes on cell stemness markers (Figure 7C). In addition, the Hep3B/SO and Huh-7/SO cells
pretreated with exosomes or miRNA-140-5p inhibitor possessed higher autophagic activity (Figure 7D)
and lower apoptosis rate (Figure 7E), which could be abrogated by co-treating cells with anti-PD-L1
antibody or miRNA-140-5p mimic (Figure 7D, 7E). 

MiRNA-140-5p enhances the e�cacy of SO in Hep3B/SO and Huh-7/SO HCC xenograft nude mouse
models

In vivo experiments further con�rmed the results of cell experiments. The anti-tumor effect of SO on
miRNA-140-5p up-regulated xenograft mice was signi�cantly better than the control group, indicating that
nude mice with high miRNA-140-5p expression are more sensitive to SO (Figure 8A and 8B). IHC (Figure
8C) and Western blot (Figure 8D) results showed that the expression of PD-L1 protein in tumors of mice
overexpressing miRNA-140-5p was signi�cantly reduced.

Discussion
HCC is one of the leading causes of cancer-related deaths worldwide. For the treatment of HCC, surgery
and radiotherapy are the �rst and relatively more effective treatments. However, HCC patients in some
underdeveloped areas are often diagnosed at a later stage and are no longer suitable for surgery. It is
worth noting that for patients with advanced HCC who have recurrence and metastasis that are not
suitable for local treatment, SO-based systemic treatment is often used [23]. SO resistance, whether it is
inherent resistance or acquired resistance, will seriously affect the effectiveness of treatment. In response
to this situation, we have launched a study on how to improve the sensitivity of SO in HCC.

Increasing evidence demonstrated that miRNAs could function as an oncogene or tumor suppressor gene
by affecting the malignant behaviors (including cell proliferation, migration, and chemoresistance,
autophagy, stemness, et al.) of HCC cells [24]. In this study, using miRNA microarray, ISH, online
bioinformatics software, and qRT-PCR analysis, we screened some miRNAs related to SO resistance in
HCC. Among these predicted candidates, miRNA-140-5p was particularly interesting in our current study
considering its critical role in tumors. For instance, the level of miRNA-140-5p was downregulated in
Wilms' tumor [25]. Regarding the working mechanisms of miRNAs, they are capable to directly bind to the
3’-UTR of their target gene, thereby functioning as gene regulators [26]. Furthermore, after PPI network
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analysis, GEO tissue microarray data, qRT-PCR, and Western blot results, the PD-L1 protein was �nally
determined. PD-L1 protein contains ubiquitin protein action motifs, which can mediate the degradation of
ubiquitinated proteins. In the process of protein metabolism and degradation, ubiquitin transporters are
believed to promote the degradation of ubiquitin proteins. However, related studies have shown that the
ubiquitin-proteasome system is also inhibited by ubiquitin transporters [27]. Cell experiments found that
the synthesis of ubiquitin chains was inhibited by Rad23, and mouse experiments showed that the
degradation of p53 and IκB molecules in cells was inhibited by hPLIC-2, and there was an interaction
between PD-L1 and Rad23 and hPLIC-2 [28]. PD-L1 can also be hydrolyzed into small fragments and then
secreted out of the cell, participating in a variety of biological processes, suggesting that the role of PD-L1
in tumors is complex [29].

As a bioinformatics prediction, luciferase reporter assay, and molecular analysis indicated that PD-L1
was a direct target of miRNA-140-5p for in�uencing the malignancy of HCC cells. Clinically, We found
that, compared to adjacent tissues, miRNA-140-5p expression in HCC tissue was signi�cantly
downregulated, and was negatively correlated with PD-L1 mRNA level. Interestingly, compared to SO-
sensitive tissues, miRNA-140-5p was downregulated, while the PD-L1 mRNA level was upregulated in SO-
resistance tissues. Similarly, compared with HCC tissues with high miRNA-140-5p expression, PD-L1
protein expression levels in HCC tissues with low miRNA-140-5p was signi�cantly higher. The above
results found that miRNA-140-5p, as a tumor suppressor gene, is involved in regulating the sensitivity of
HCC cells to SO from a clinical perspective. Next, based on the previous studies [21, 30], we also
uncovered the regulating mechanisms of miRNA-140-5p and PD-L1 in two HCC cell lines. The gain-and-
loss of function experiments validated that introduction of miRNA-140-5p attenuated SO-induced HCC
cell chemoresistance, autophagy, and stemness, and promoted cell death by regulating PD-L1 in vitro.
Besides, in vivo experiments further con�rmed the results of cell experiments. The anti-tumor effect of SO
on miRNA-140-5p up-regulated xenograft mice was signi�cantly better than the control group, indicating
that nude mice with high miRNA-140-5p expression are more sensitive to SO. The above results were in
accordance with the previous data [21, 30], and indicated that overexpression of miRNA-140-5p inhibited
HCC progression by inhibiting PD-L1.

Currently, resistance of HCC cells to chemotherapeutic drugs seriously limited their therapeutic e�cacy in
clinic [31, 32], and discovery of novel therapeutic agents to improve the sensitivity of chemoresistant HCC
cells became urgent. Previous data showed that PD-L1-containing exosomes derived from cancer cells
contribute greatly to drug resistance by inducing cancer stem cells to maintain the heterogeneous lineage
of cancer cells to chemotherapy [33]. In terms of mechanism, cancer stem cells differentiated into
heterogeneous cells, and chemotherapy-resistant cancer cells survive and proliferate under long-term
stimulation of chemotherapy drugs [34]. Then, the survival cancer cells were resistant to the
chemotherapy [33, 34]. Interestingly, the above results were also validated in HCC cells, and we found that
HCC cells derived exosomes increased resistance of HCC cells to SO treatment and up-regulated
stemness associated signatures (OCT4, Nanog, SOX2, and ALDH1), which were all abrogated by treating
anti-PD-L1 antibody, indicating that HCC cells derived PD-L1 exosomes self-regulated cell stemness to
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increase resistance of HCC cells to SO, and blockade of PD-L1 sensitized chemoresistant HCC cells to SO,
which were in accordance with the previous data [33, 34].

Conclusions
To sum up, miRNA-140-5p was extremely low in HCC, especially in SO-resistant HCC patients. MiRNA-140-
5p ultimately reduces the carcinogenicity of HCC cells by down-regulating the expression of intracellular
and extracellular PD-L1. Therefore, the miRNA-140-5p/PD-L1 axis may be a valuable therapeutic target
for the prevention of HCC in the future.
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Figure 1

Characterization of SO resistance in Hep3B/SO and Huh-7/SO cells. (A-B) SO cytotoxicity for Hep3B,
HepG2, Huh-7, HLE, and SK-HEP1 cell lines was examined. * One-way ANOVA was used, and P<0.05; #
Compared with Huh-7 group, P<0.05; $ Compared with Hep3B group, P<0.05. (C) Morphology of Hep3B
and Hep3B/SO cells under optical microscope (200X). (D) Morphology of Huh-7 and Huh-7/SO cells
under optical microscope (200X). (E) The IC50 for Hep3B/SO cells. * One-way ANOVA was used, and
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P<0.05. (F) The IC50 for Huh-7/SO cells. * One-way ANOVA was used, and P<0.05. Data are expressed as
mean±standard deviation.

Figure 2

MiRNA-140-5p was decreased in SO-resistant HCC cells and tissues. (A) Heatmap showing differential
miRNA expression in SO-chemoresistance tissue samples (left lower: pink) compared with SO-
chemosensitive tissue samples (left upper: blue). (B) Expression of miRNA-21, miRNA-29b-3p, let-7g-5p,
miRNA-126-3p, miRNA-4286, miRNA-634, miRNA-4310, miRNA-817-3p, miRNA-3679-3p, miRNA-140-5p,
miRNA-129-3p, miRNA-151a-3p, and miRNA-361-5p were determined by qRT-PCR in the Hep3B/SO and
Huh-7/SO cell lines. U6 RNA was used as internal control. * Compared with control cell line, and P<0.05.
(C) Expression of miRNA-126-3p, miRNA-817-3p, and miRNA-140-5p were determined by qRT-PCR in the
SO-chemoresistance and SO-chemosensitive tissues. U6 RNA was used as internal control. ** Compared
with SO-chemosensitive tissue group, and P<0.01. (D) Representative images and analysis of in situ
hybridisation (ISH) staining for miRNA-140-5p in 23 SO-chemoresistance tissues and 23 SO-
chemosensitive tissues. ** Compared with SO-chemosensitive tissue group, and P<0.01.
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Figure 3

Comprehensive analysis of the expression of core genes in SO-resistant HCC patients. (A) Double
clustering analysis diagram of core genes in GSE73571 data set. (B) ROC curve analysis of core genes in
SO-resistant HCC patients.
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Figure 4

Intracellular PD-L1 could be negatively regulated by miRNA-140-5p in Hep3B/SO and Huh-7/SO cells. (A)
The targeting sites of miRNA-140-5p and PD-L1 mRNA were predicted by the online StarBase software
(http://starbase.sysu.edu.cn/). (B) MiRNA-140-5p could bind to 3’UTR regions of PD-L1 mRNA. **
Compared with the negative control (NC) group, and P<0.01. (C) Enrichment of miRNA-140-5p by PD-L1
probes in Hep3B/SO and Huh-7/SO cells. ** Compared with the probe-control group, and P<0.01. (D) The
miRNA-140-5p mimic and inhibitor were successfully transfected into Hep3B/SO and Huh-7/SO cells to
overexpress and knock-down miRNA-140-5p, and PD-L1 mRNA was negatively regulated by miRNA-140-
5p in Hep3B/SO and Huh-7/SO cells. ** Compared with the NC group, and P<0.01. (E) MiRNA-140-5p
inhibited the intracellular PD-L1 protein expressions. ** Compared with the NC group, and P<0.01. Data
are expressed as mean±standard deviation.



Page 21/25

Figure 5

The expression of miRNA-140-5p and PD-L1 in SO-sensitive and -resistant HCC tissues. (A) Compared to
adjacent tissues, miRNA-140-5p expression was signi�cantly downregulated in HCC tissues. ** Compared
with adjacent tissues, and P<0.01. (B) Compared to adjacent tissues, PD-L1 expression was signi�cantly
upregulated in HCC tissues. ** Compared with adjacent tissues, and P<0.01. (C) MiRNA-140-5p
expression was negatively correlated with the PD-L1 mRNA level in HCC tissue. (D-E) Compared to SO-
chemosensitive tissues, miRNA-140-5p was downregulated, while the PD-L1 mRNA level was upregulated
in SO-chemoresistance tissues. ** Compared with SO-chemosensitive tissue group, and P<0.01. (F)
Compared with HCC tissues with high miRNA-140-5p expression, PD-L1 protein expression levels with low
miRNA-140-5p was signi�cantly higher. ** Compared with high miRNA-140-5p group, and P<0.01. (G)
Compared with SO-chemosensitive tissues, the levels of PD-L1 protein expression in SO-chemoresistance
tissues were signi�cantly higher. ** Compared with SO-chemosensitive group, and P<0.01. Data are
expressed as mean±standard deviation.
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Figure 6

MiRNA-140-5p downregulated extracellular PD-L1 in Hep3B/SO and Huh-7/SO cells. (A) Isolation of
extracellular exosomes containing PD-L1 from the supernatants collected from Hep3B/SO and Huh-7/SO
culture system, the exosomes were photographed and tested by electron microscope and Western blot.
(B) Knock-down of miRNA-140-5p increased the exosomal PD-L1 levels in the supernatants. ** Compared
with the NC group, and P<0.01.
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Figure 7

MiRNA-140-5p inhibits SO-induced chemoresistance, autophagy, and stemness by down-regulating the
levels of PD-L1 in Hep3B/SO and Huh-7/SO cells-derived exosomes. (A) The Hep3B/SO and Huh-7/SO
cells derived exosomes were puri�ed and incubated with Hep3B and Huh-7 cells. Western Blot was used
to detect the expressions of PD-L1 in Hep3B and Huh-7 cells. ** Compared with the control group, and
P<0.01. (B) A schematic diagram of the transfer of exosomes PD-L1 from exosomes to HCC cells. (C) The
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stemness associated signatures (OCT4, Nanog, SOX2, and ALDH1) were examined in Hep3B/SO and
Huh-7/SO cells by using qRT-PCR. * Compared with the control group and the NC group, and P<0.05. **
Compared with the control group and the NC group, and P<0.01. (D) The Hep3B/SO and Huh-7/SO cells
pretreated with exosomes or miRNA-140-5p inhibitor possessed higher autophagic activity, which could
be abrogated by co-treating cells with anti-PD-L1 antibody or miRNA-140-5p mimic. (E-F) The Hep3B/SO
and Huh-7/SO cells pretreated with exosomes or miRNA-140-5p inhibitor possessed lower apoptosis rate,
which could be abrogated by co-treating cells with anti-PD-L1 antibody or miRNA-140-5p mimic. *
Compared with the control group and the NC group, and P<0.05. ** Compared with the control group and
the NC group, and P<0.01. Data are expressed as mean±standard deviation.
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Figure 8

MiRNA-140-5p enhances the e�cacy of SO in Hep3B/SO and Huh-7/SO HCC xenograft nude mouse
models. (A-B) Tumor-bearing mice with high miRNA-140-5p expression are more sensitive to SO. ** One-
way ANOVA was used, and P<0.01. (C-D) The expression of PD-L1 protein in tumor-bearing mice with
overexpressing miRNA-140-5p was signi�cantly reduced, which were determined by
immunohistochemistry and Western blot assays.


