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Abstract: Background and Objectives: Resveratrol is a promising drug for tumor thera-
py, but its anti-tumor mechanism remains unclarified. The present study aimed to explore
the effect of resveratrol on the secretion of exosomes and the role of resveratrol-induced
exosomes in the progression of hepatocellular carcinoma.

Methods: The number and contents of exosomes induced by resveratrol were determined
by nanoparticle tracking analysis and high-throughput sequencing in Huh7 cells, respec-
tively. Expression of Rab27a was assessed by Western blotting and immunofluorescence.
Cell proliferation, migration and epithelial-mesenchymal transition were examined with
the stimuli of resveratrol and exosomes, the activity of autophagy and wnt/B-catenin sig-
naling induced by resveratrol-induced exosomes and knockdown of IncRNA SNHG29
were monitored by Western blotting and immunofluorescence.
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Results: 1t was found that resveratrol might inhibit the exosome secretion by down-regu-
lating the expression of Rab27a, thereby suppressing the proliferation, migration and
epithelial-mesenchymal transition of Huh7 cells. Moreover, resveratrol-induced exo-
somes could also inhibit the malignant phenotype of Huh7 cells via inhibiting the nuclear
translocation of B-catenin and the activation of autophagy, which IncRNA SNHG29
might mediate.

Conclusion: Resveratrol inhibits hepatocellular carcinoma progression by regulating exo-
some secretion and contents.
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1. INTRODUCTION

Liver cancer ranks 6" in the global incidence and is
the second major cause of cancer-related death world-
wide. Hepatocellular carcinoma (HCC), with high mor-
bidity and mortality rates, accounts for about 70-90%

of primary liver cancer, seriously threatening human
health [1]. Nonalcoholic fatty liver disease (NAFLD)
is the main cause of HCC in Westernized countries,
and there is an unmet need to cure NAFLD to avoid its
serious complications, such as liver cancer, by using
natural products [2]. Mid-advanced liver cancer is still
primarily treated with drugs, but the existing drugs
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have such deficiencies as drug resistance and side ef-
fects. Resveratrol, characterized by a wide range of bio-
logical activities, has displayed broad prospects in tu-
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mor therapy. As shown in multiple studies, resveratrol,
through regulating the expression of a variety of tu-
mor-related genes and participating in the cell prolifera-
tion, cell cycle, apoptosis and inflammation-related
pathways [3-5], can restrain the progression of HCC.
However, the specific anti-HCC mechanism of resvera-
trol still remains to be elucidated.

According to the latest studies, exosomes have tight
associations with the occurrence and development of
tumors [6]. However, there have been no reports yet on
the effect of resveratrol on the secretion of exosomes
in HCC. This study found that resveratrol could inhibit
the exosome secretion through down-regulating
Rab27a in Huh7 cells, and blocking exosome secretion
could suppress the proliferation, migration and epithe-
lial-mesenchymal transition (EMT) of Huh7 cells. In
addition, resveratrol could induce composition changes
in exosomes, increase the expression of long non-cod-
ing RNA(IncRNA)SNHG29 and induce its secretion
by exosomes, thus restraining the malignant phenotype
of Huh7 cells by inhibiting the Wnt/B-catenin pathway
and autophagy activation [7, 8].

2. MATERIALS AND METHODS

2.1. Materials and Reagents

Resveratrol was purchased from Macklin (Shang-
hai, China), Dulbecco's modified Eagle medium (D-
MEM), fetal bovine serum (FBS), phosphate buffered
saline (PBS), 0.25% trypsin and penicillin-strepto-
mycin were purchased from Gibco (Grandlsland, NY,
USA), RIPA lysis buffer, methyl thiazolyl tetrazolium
(MTT), BCA protein assay kits were purchased from
Beyotime Institute of Biotechnology (Shanghai, Chi-
na), B-actin and Beclinl monoclonal antibodies were
purchased from Santa Cruz Biotechnology (CA, USA),
proliferating cell nuclear antigen (PCNA), cyclinDI,
E-cadherin, N-cadherin, Vimentin, B-catenin, c-Myc,
glycogen synthase kinase-3p (GSK-3f), p62 and LC3
were bought from CST (Danvers, MA, USA), His-
tone-H3 was bought from Wuhan Proteintech Group,
Inc. (Wuhan, China), electrochemiluminescence (ECL)
solution and polyvinylidene fluoride (PVDF) mem-
brane were bought from Millipore (Billerica, MA, US-
A), 4',6-diamidino-2-phenylindole (DAPI) was bought
from Google Biological Technology Co., Ltd. (Wuhan,
China), and PHK67 dye was bought from Umibio Co.,
Ltd (Shanghai, China).

2.2. Cell Culture

Huh7 cell lines purchased from the American Type
Culture Collection (ATCC, Maryland, USA) were cul-
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tured in DMEM with 10% FBS and 5% CO, at 37°C
and digested with 0.25% trypsin, followed by passage.

2.3. MTT Assay

The Huh7 cells were inoculated into a 96-well plate
(2x10*well), with 5 replicates in each group. After be-
ing stimulated with the resveratrol or exosome, the
cells were cultured with 5 mg/mL MTT for 4 h, added
with 150 pL of dimethyl sulfoxide, and shaken at room
temperature for 10 min. Finally, the absorbance was
measured at a wavelength of 490 nm.

2.4. Wound Healing Assay

Upon reaching 80% confluence, the Huh7 cel Is
were scratched, washed 3 times with PBS, cultured in
DMEM containing different stimuli and photographed
under an inverted microscope (Leica, Germany) at 0 h
and 24 h. The area of the scratch region was calculated
by ImageJ, and the wound healing rate was calculated.

2.5. Western Blotting

Cell lysates were harvested using RIPA lysis buf-
fer. BCA protein assay kits were used to measure pro-
tein concentration. Then, the lysed proteins were se-
parated by SDS-PAGE, transferred onto a PVDF mem-
brane and blocked with 5% skim milk, followed by in-
cubation with primary antibodies at 4°C overnight and
with horseradish peroxidase (HRP)-conjugated an-
ti-rabbit or anti-mouse secondary antibodies at room
temperature for 2 h. Except for f-actin (1:5000), all the
primary antibodies were diluted by 1:1000. Finally, the
protein blots were developed using ECL solution and
observed on a gel imaging analyzer.

2.6. Real-time Quantitative Polymerase Chain Reac-
tion (qPCR)

The total RNA was extracted with TRIzol and rev-
ersely transcribed into cDNA using PrimeScript™ RT
reagent Kit with gDNA Eraser, followed by PCR using
PowerUp™ SYBR'"™ Green Master Mix. The PCR
primers are GAPDH-F: 5'-GGAGCGAGATCCCTC-
CAAAAT-3', GAPDH-R: 5'-GGCTGTTGTCATAC-
TTCTCATG-3". LncRNA-SNHG29-F: 5'-CTCCTGG-
GCTCAGATGGTCCTC-3', IncRNA-SNHG29-R: 5'-
TTGTTGGGCATGATGGCAAGGG-3'. The reaction
conditions are as follows: reverse transcription at 50°C
for 2 min, pre-denaturation at 95°C for 2 min, and 40
cycles of denaturation at 95°C for 15 s and extension
at 60°C for 1 min.
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2.7. Immunofluorescence and Laser Confocal Mi-
Croscopy

The Huh7 cells were placed on glass slides, subject-
ed to the corresponding treatment, and then fixed with
4% paraformaldehyde, permeabilized with 0.1% Triton
X-100, and blocked with 5% FBS, followed by incuba-
tion with primary antibody (1:200) overnight. Then,
the cells were incubated with Alexa Fluor” 488-labeled
goat anti-rabbit or anti-mouse IgG (H+L) antibody at
room temperature for 2 h, and the nuclei were stained
with DAPI. Finally, the fluorescence intensity was de-
tected by high-resolution laser confocal fluorescence
microscopy.

2.8. Cell Transfection

mCherry-GFP-LC3 plasmids were purchased from
Genomeditech, and siRNA targeting IncRNA SN-
HG29 was synthesized by Guangzhou RiboBio Co.,
Ltd. The Huh7 cells were inoculated into a 6-well plate
and transfected with the plasmids or 50 nM siRNA us-
ing Lipofectamine 3000 following the instructions.

2.9. Autophagic Flux Assay

The cells were inoculated into a confocal dish and
transfected with the mCherry-GFP-LC3 plasmids upon
reaching about 70% confluence. 6 h later, the old medi-
um was replaced with the exosome-containing medi-
um. The autophagic flux was detected by high-resolu-
tion laser confocal fluorescence microscopy.

2.10. Extraction of Exosomes

The exosomes were separated and purified from the
medium by ultra-high-speed centrifugation. Specifical-
ly, the medium supernatant was collected and cen-
trifuged at 300xg for 10 min. Then the supernatant was
collected and centrifuged at 2000xg for 10 min, and
the supernatant was collected again and centrifuged at
18,000xg for 30 min. After the supernatant collected
was filtered with a 0.22 uM filter, it was centrifuged at
120,000xg for 90 min. Finally, the resulting exosomes
were resuspended with PBS, and their total protein con-
centration was measured by BCA Kkits.

2.11. Exosome Absorption Assay

The exosomes were stained with evenly mixed
PHK67 dye following the instructions, placed on ice
for 10 min and centrifuged at 120,000xg for 2 h. After
the supernatant was discarded, the precipitate was re-
suspended with PBS and incubated with the cells for
24 h, followed by nuclear staining with DAPI. After
mounting, the internalization of exosomes was ob-
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served by high-resolution laser confocal fluorescence
microscopy.

2.12. Nude Mouse Tumorigenicity Assay

The nude mice (4-week-old female BALB/c nude
mice, 18-20 g) were purchased from SPF Biotechnolo-
gy Co., Ltd. (Beijing) and fed in the SPF laboratory ani-
mal center. They were randomly divided into 3 groups,
with 3 mice in each group. The exosomes were extract-
ed from Huh7 cells in normal exosome and resvera-
trol-induced exosome groups, and the concentration
was adjusted with PBS to 200 pg/mL. 1x10° Huh7
cells suspended by the exosomes were subcutaneously
injected to establish the nude mice xenograft model.
PBS was injected in the control group. The mice were
euthanized and sacrificed 1 month later. The expres-
sions of PCNA, c¢-Myc, p62 and Vimentin were detect-
ed by immunohistochemistry. The laboratory animal
experiments strictly complied with the Guide for the
Care and Use of Laboratory Animals issued by the Na-
tional Institutes of Health.

2.13. Immunohistochemistry

The fixed tumor tissues were embedded in paraffin,
sliced, deparaffinized with xylene, and washed with
gradient alcohol. After antigen retrieval with citrate
buffer and blockage of endogenous peroxidase with
3% H,0,, the sections were blocked with goat serum
and incubated with primary antibodies at 4°C
overnight. After washing with PBS, reaction enhancer
solution was dropwise added to incubate the sections,
followed by incubation with HRP-labeled goat anti--
mouse/rabbit IgG polymerase. Finally, the staining ef-
fect was observed following DAB development. After
hematoxylin counterstaining, the sections were photo-
graphed under a microscope.

2.14. Statistical Analysis

All assays were repeated 3 times, and SPSS 25.0
software was used for statistical analysis. All measure-
ment data were expressed as mean + standard devia-
tion (mean + SD). The means were compared by #-test
between two groups, and the data were compared by
analysis of variance among groups. p<0.05 was consid-
ered statistically significant.

3. RESULTS

3.1. Resveratrol Inhibited Exosome Secretion in
Huh7 Cells by Down-regulating Rab27a

To explore the effect of resveratrol on exosomes in
HCC cells, the exosomes were extracted from Huh7
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cells treated with 0 and 80 umol/L resveratrol. It was
observed under a transmission electron microscope
(TEM) that vesicles were in a cup shape in both
groups, and nanoparticle tracking analysis (NTA)
showed that the diameter of 80% of the vesicles in
both groups was 30-150 nm, conforming to the charac-
teristics of exosomes (Figs. 1A and B). Compared with
that in the control group, the exosomes derived from
Huh7 cells were significantly declined by 80 umol/L
resveratrol (Fig. 1C), and the exosome marker proteins
HSP70 and Alix were significantly down-regulated,
suggesting that resveratrol inhibits the exosome secre-
tion in Huh7 cells.

Tong et al.

A previous study showed that the process where
multivesicular bodies (MVBs) fusing with the plasma
membrane are secreted outside of cells to form exo-
somes is regulated by Rab27a, and hence interfering
with the expression of Rab27a can inhibit the exosome
release. Western blotting results showed that after treat-
ing Huh7 cells with different concentrations of resvera-
trol for 24 h, the expression of Rab27a was down-regu-
lated by resveratrol in a concentration-dependent mann-
er (Figs. 1D and E), suggesting that resveratrol sup-
presses the exosome secretion by down-regulating the
expression of Rab27a in Huh7 cells.
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Fig. (1). Resveratrol inhibited exosome secretion in Huh7 cells by down-regulating Rab27a. (A) The morphology of exosomes
was identified by TEM. (B) The concentration of exosomes was determined by NTA. (C) The expression of exosomal protein
markers (HSP70 and Alix1) in exosomes induced by resveratrol was detected by Western blot. (D and E) The expression of
Rab27a induced by resveratrol was detected in Huh7 cells by Western blot and immunofluorescence, respectively. * p<0.05
vs. 0 uM. **p<0.01 vs 0 uM. Res: resveratrol. (4 higher resolution / colour version of this figure is available in the electronic

copy of the article).
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Fig. (2). Resveratrol inhibited proliferation, migration and EMT of Huh7 cells by blocking exosome secretion. Huh7 cells were
treated with 20 pmol/L GW4869 and/or 80 pmol/L resveratrol for 24 h, (A) The content of HSP70 and Alix1 in exosomes was
detected by Western blot. (B and C) Cell viability and proliferation were monitored by MTT and high-content cell imaging ana-
lyzer, respectively. (D) The expression of cyclinD1 and PCNA was detected by Western blot. (E) Wound healing assay was
performed to evaluate the cell migration. (F) The expression of EMT markers was detected by Western blot. * p<0.05 vs. Con.
**p<0.01 vs. Con: control. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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3.2. Resveratrol Inhibited Proliferation, Migration
and EMT of Huh7 Cells by Blocking Exosome Se-
cretion

The ability of tumor-derived exosomes to facilitate
malignant tumor progression has been demonstrated in
numerous studies. To explore whether resveratrol res-
trains the progression of HCC by inhibiting exosome
secretion, the exosome secretion inhibitor GW4869
was used as a control. First, it was verified that 20
umol/L GW4869 could inhibit the exosome secretion
in Huh7 cells (Fig. 2A). Then the Huh7 cells were treat-
ed with 20 pmol/L GW4869 and/or 80 umol/L resvera-
trol for 24 h. It was found that both GW4869 and
resveratrol could significantly suppress the prolifera-
tion and migration of Huh7 cells, down-regulate the ex-
pressions of PCNA, cyclinD1, N-cadherin and Vi-
mentin, and up-regulate the expression of E-cadherin
(Figs. 2B-F). However, the combination of the two
showed a less significant synergistic effect. Based on
the inhibitory effect of resveratrol on the exosome se-
cretion in Huh7 cells, it is speculated that resveratrol
may inhibit the proliferation, migration and EMT of
Huh cells by blocking the exosome secretion.

3.3. Resveratrol Enhanced the Expression and Se-
cretion of IncRNA SNHG29 in Huh7 Cells

As shown in many studies, resveratrol has a wide
range of effects on the gene and protein expressions in
tumor cells, so it is speculated that resveratrol can in-
hibit the exosome secretion in HCC and alter the exo-
some composition. Recently, the important role of In-
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cRNAs in tumor progression has been proved. There-
fore, high-throughput IncRNA sequencing was con-
ducted on the composition of resveratrol-induced exo-
somes in Huh7 cells. 8373 differentially expressed In-
cRNAs were screened, including 1350 up-regulated
ones and 7023 down-regulated ones. Of which, IncR-
NA SNHG29 was the most significantly up-regulated,
and its expression in Huh7 cells could also be greatly
up-regulated by 80 umol/L resveratrol (Fig. 3). It can
be seen that resveratrol can up-regulate the expression
of IncRNA SNHG29 and induce its secretion by exo-
somes in Huh7 cells.

3.4. Resveratrol-induced Exosomes Inhibited the
Progression of HCC

As proved above, resveratrol can induce composi-
tion changes in exosomes in Huh7 cells. However, the
effect of resveratrol-induced exosomes on the malig-
nant phenotype of tumor cells remains to be further
studied. Therefore, exosomes were extracted from nor-
mal cells (Exosome-NC) and resveratrol-stimulated
cells (Exosome-Res). To confirm that exosomes can be
internalized by Huh7 cells, the exosomes were labeled
with PKH67. As shown in Fig. (4A), green fluores-
cence around the cells was observed under the high-res-
olution laser confocal fluorescence microscope, prov-
ing that the exosomes extracted in vitro can be ab-
sorbed by Huh7 cells.

Next, the cells were incubated with the extracted ex-
osomes (20 ug/mL) while the same amount of PBS
was added to the control group. Compared with con-
trols, exosomes derived from the normal cells could
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Fig. (3). Resveratrol enhanced the expression and secretion of IncRNA SNHG29 in Huh7 cells. (A) High-throughput sequenc-
ing determined the differential expression of IncRNA induced by resveratrol. (B) The content of IncRNA SNHG29 induced by
resveratrol in exosomes. (C) The expression of IncRNA SNHG29 induced by resveratrol in Huh7 cells. (4 higher resolution /
colour version of this figure is available in the electronic copy of the article).
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p62, PCNA and vimentin in tumors were determined by immunohistochemistry. (4 higher resolution / colour version of this
figure is available in the electronic copy of the article).

greatly enhance the proliferation and migration of
Huh7 cells, up-regulate the expressions of PCNA, cy-
clinD1, N-cadherin and Vimentin, and down-regulate
the expression of E-cadherin, demonstrating that Huh7

cells-derived exosomes can facilitate proliferation, mi-
gration and EMT of Huh7 cells. At the same time, the
malignant phenotypes were suppressed by Exo-
some-Res (Figs. 4B-F). To sum up, Exosome-Res res-
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train the proliferation, migration and EMT of Huh7
cells.

The xenografts were established further to explore
the effect of resveratrol-induced exosomes on tumor
growth. As shown in Figs. (4G and H), the tumor size
was significantly larger in the Exosome-NC group than
in the control group. At the same time, it was signifi-
cantly smaller in the Exosome-Res group, suggesting
that Exosome-Res can suppress tumor growth in mice.
Besides, it was found by immunohistochemistry that
the expressions of PCNA, c-Myc and Vimentin signifi-
cantly rose, while the expression of p62 significantly
declined by Exosome-NC (Fig. 4I). The opposite ten-
dency was shown in the Exosome-Res group, consis-
tent with the in vitro assay.
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3.5. Resveratrol-induced Exosomes Inactivated Wn-
t/B-catenin Pathway and Autophagy of Huh7 Cells

It has been proved previously that resveratrol can in-
duce autophagy of HCC cells. To explore whether au-
tophagy is involved in the regulatory effect of Exo-
some-Res on the progression of HCC, Huh7 cells were
re-incubated with the exosomes (20 pg/mL). As shown
in Fig. (5A), Exosomes derived from Huh7 cells could
up-regulate the autophagy marker protein Beclinl ex-
pression, down-regulate the expression of p62, and fa-
cilitate the conversion of LC3-I to LC3-II. The in-
creased autophagic flux could also be seen under the
laser confocal microscope (Fig. 5SB). Compared with
Exosome-NC, Exosome-Res inactivated the autophagy
and blocked the autophagy flux.

mCherry-LC3 GFP-LC3 Merge

DAPI B-catenin Merge

Fig. (5). Resveratrol-induced exosomes inactivated Wnt/B-catenin pathway and autophagy of Huh7 cells. (A) The expression
of autophagy markers induced by Exosome-NC or Exosome-Res for 24 h. (B) Autophagy flux induced by Exosome-NC or Ex-
osome-Res was monitored by laser confocal fluorescence microscopy. (C) The expression of GSK3p, B-catenin, and c-myc in-
duced by Exosome-NC or Exosome-Res for 24 h in Huh7 cells were determined. (D and E) The expression and cellular distri-
bution of B-catenin in cytoplasm and nuclei induced by Exosome-NC or Exosome-Res were determined by Western blot and
immunofluorescence. (A4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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As a regulator for tumor proliferation and metasta-
sis, the Wnt/B-catenin signaling pathway becomes ab-
normal in the proliferation and migration of tumor
cells. The present study has demonstrated that exo-
somes derived from Huh7 cells up-regulated the expres-
sion of c-Myc and down-regulated the expressions of
GSK-3p and B-catenin (Fig. 5C). At the same time, Ex-
osome-Res reduced the expression of c-Myec, and in-
creased the expressions of GSK-3f and B-catenin com-
pared with Exosome-NC (Fig. 5C), indicating that Exo-
some-Res can inhibit the Wnt/B-catenin signaling path-
way. Furthermore, the intracellular localization of B--
catenin was detected. The results revealed that the tu-
mor exosomes lowered the content of f-catenin in the
cytoplasm and raised the level of B-catenin in the nu-
cleus, while Exosome-Res reversed it (Figs. SD and
E). The above findings validate that Exosome-Res in-
hibit the activation of the Wnt/B-catenin signaling path-
way by preventing B-catenin from entering the nu-
cleus.

3.6. LncRNA SNHG29 Suppressed the Autophagy
Activation and Nuclear Translocation of p-catenin
in Huh7 Cells

It has been proved that resveratrol can induce the in-
creased secretion of IncRNA SNHG29 in Huh7 cells,
so are the regulatory effect of Exosome-Res on au-
tophagy and nuclear translocation of B-catenin mediat-
ed by IncRNA SNHG29? The Huh7 cells were trans-
fected with siRNA targeting IncRNA SNHG29 to an-
swer this question. The results showed that after silenc-
ing of IncRNA SNHG29 (Figs. 6A-C), the expression
of Beclinl was up-regulated, the expression of p62
was down-regulated, the conversion of LC3-I to LC3-
IT was enhanced, and increased autophagic flux could
also be seen under the laser confocal microscope, indi-
cating that IncRNA SNHG29 can inhibit the autophagy
of Huh7 cells. Additionally, the knockdown of IncR-
NA SNHG29 decreased the content of B-catenin in the
cytoplasm while increasing the level in the nucleus
(Figs. 6D and E). According to the above results, the
inhibitory effect of resveratrol-induced exosomes on
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the autophagy and nuclear translocation of B-catenin of
Huh?7 cells may be mediated by IncRNA SNHG29.

4. DISCUSSION

Resveratrol is a kind of plant estrogen that can be
obtained from food, and it possesses a wide range of
pharmacological effects, including cardioprotective, an-
tioxidant, anti-inflammatory and anti-tumor properties
[9], with very weak toxic and side effects on normal so-
matic cells. Therefore, resveratrol has become a poten-
tial therapeutic drug for many diseases. Regarding its
anti-tumor properties, resveratrol can restrain tumor de-
velopment by regulating the expression of different tu-
mor-related genes and the activity of signal transduc-
tion pathways. Although it has been widely studied in
HCC, the mechanisms remain to be fully clarified.

Exosomes are vesicle-like bodies (about 30-150 nm
in diameter) actively secreted by various viable cells to
the outside of cells, which carry multiple biologically
active cellular components such as proteins, DNAs,
mRNAs and miRNAs. They are important players in
the pathophysiological processes of the human body
and are implicated in cellular waste management and
intercellular communication [10]. Exosomes are de-
rived from intraluminal vesicles (ILVs) in the endoso-
mal compartment. Specifically, the plasma membrane
is internalized by cells through endocytosis, and then
endosomes are generated. Multiple endosomes fuse
from early endosomes, which are further transformed
into MVBs. After fusing with the plasma membrane,
MYVBs are released to the outside of cells, which are
considered exosomes. Two small GTPases of the Rab
family (Rab27a and Rab27b) were identified in regulat-
ing the docking and fusion between MVBs and the
plasma membrane. It has been found that Rab27a regu-
lates exosome secretion in vitro and in vivo [11], and
its overexpression facilitates the invasion and migra-
tion of melanoma cells [12]. In this study, the results
showed that resveratrol inhibited the exosome secre-
tion in HCC cells and down-regulated the expression
of Rab27a in a concentration-dependent manner,
suggesting that resveratrol may suppress the exosome
secretion in HCC cells through down-regulating the ex-
pression of Rab27a.

Recently, increasing studies have shown that exo-
somes have close associations with the occurrence and
development of tumors, including tumor proliferation,
migration, immune escape and angiogenesis [13-16].
The exosome secretion is stronger in tumor cells than
in normal viable cells [17]. Suppressing exosome secre-
tion is potentially a new therapeutic strategy for tu-
mors [18]. Akihiro et al. found that GW4869 can inhib-
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it the regulatory effects of mouse melanoma cel-
l-derived exosomes on the proliferation and apoptosis
of B16BL6 cells [19]. Similarly, the results of this
study revealed that both resveratrol and GW4869 res-
trained the proliferation, migration and EMT of HCC
cells. However, the combination of the two showed a
less significant synergistic effect. Therefore, it is specu-
lated that inhibiting exosome secretion may be another
novel mechanism of resveratrol in suppressing the pro-
gression of HCC.

As an important carrier of intercellular communica-
tion, exosomes play important roles in tumors mainly
through their biologically active components in the tu-
mor microenvironment [20]. Exosomes can transfer
oncogenic RNAs and proteins in HCC cells into adja-
cent ones, thus enhancing the migration and invasion
of HCC cells [21, 22]. In addition, exosomes from
highly metastatic HCC cells can be absorbed by lowly
metastatic HCC cells, thereby promoting the migration
and invasion of the latter [23]. This study found that
resveratrol could induce the expression and secretion
of IncRNA SNHG29, and exosomes induced by resver-
atrol can inhibit the proliferation, migration and EMT
of Huh7 cells. It can be inferred that resveratrol can in-
hibit the exosome secretion in HCC and induce exo-
somes with anti-cancer activity to suppress the progres-
sion of HCC.

Furthermore, the present study revealed that au-
tophagy and Wnt/B-catenin pathway were involved in
the inhibitory effect of resveratrol-induced exosomes
on the proliferation, migration and EMT of HCC cells.
Autophagy, a conserved self-degradation system, is
crucial for keeping cellular homeostasis under stress,
which dynamically promotes or suppresses tumors in
different environments and stages of tumor develop-
ment [24]. It has become clear that autophagy is also
implicated in the regulatory effect of exosomes on tu-
mors [25, 26]. In this study, autophagy of HCC cells
was induced by HCC-derived exosomes but inactivat-
ed by resveratrol-induced exosomes. In addition, wn-
t/B-catenin signaling pathway was also inhibited by
resveratrol-induced exosomes through blocking f-
catenin from entering the nucleus, and the further
study revealed that IncRNA SNHG29 mediated the ef-
fects of resveratrol-induced exosomes on autophagy
and wnt/B-catenin signaling.

CONCLUSION

Through exploring the effect of resveratrol on the
exosome secretion in HCC and the effect of resvera-
trol-induced exosomes on the HCC progression in this
study, the anti-HCC mechanism of resveratrol is fur-
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ther clarified, and blocking the exosome secretion is
considered a new therapeutic method for HCC. In addi-
tion, the possible important role of IncRNA SNHG29
in the progression of HCC was verified in this study.
However, its effect on tumors has been rarely studied,
so it is necessary to further investigate the role and
mechanism of IncRNA SNHG29 in the progression of
HCC.
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