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Exosomes derived from HBV-associated liver cancer promote
chemoresistance by upregulating chaperone-mediated autophagy
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Abstract. Liver cancer, which is the second leading cause
of tumor-associated mortality, is of great concern worldwide
due to its resistance to chemotherapeutic drugs. Transcatheter
arterial chemoembolization (TACE) has previously been
used as a treatment for unresectable liver tumors in China;
however, the response to TACE treatment differs between
patients. It has been reported that hepatitis B virus (HBV)-as
sociated tumors are less sensitive to TACE treatment
compared with non-HBV-associated liver cancer. Previous
studies have demonstrated that exosomes serve a crucial
role in hepatic carcinoma chemoresistance. We therefore
hypothesized that HBV may modulate chemosensitivity via
exosomes. The aim of the present study was to investigate
how exosomes affect chemoresistance by assessing their role
in chaperone-mediated autophagy (CMA)-dependent chemo-
resistance in HBV-associated liver cancer. Iconography data
from HBV-positive and HBV-negative patients with hepatic
carcinoma receiving TACE treatment were assessed, and it was
revealed that the tumor volume was decreased in the patients
with non-HBV-associated liver cancer compared with that in
the patients with HBV-associated tumors following TACE
therapy. Furthermore, it was revealed that exosomes from
HBV-infected liver cancer cells were able to downregulate
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cell apoptosis when treated with oxaliplatin compared with
exosomes from normal HepG2 cells. Furthermore, the results
demonstrated that HBV-associated exosomes modulate cell
death via activating the CMA pathway, and its key molecule,
lysosome-associated membrane protein (Lamp2a), was also
upregulated. Lamp2a-knockdown was also found to reverse
anti-apoptotic effects in liver cancer. Taken together, the
results of the present study suggest that chemoresistance in
patients with HBV-associated hepatic tumors may be mediated
by exosomes, and thus may provide a basis for the development
of novel treatment strategies for chemoresistant liver cancer.

Introduction

In 2012, liver cancer was reported as a significant cause of
tumor-associated mortality worldwide with 746,000 cases
and a mortality rate of 9.1% (1). Various treatments for liver
cancer are available, including surgery, radiotherapy, systemic
chemotherapy and transcatheter arterial chemoembolization
(TACE). However, liver cancer is resistant to a number of
chemotherapy and radiotherapy regimes (2). TACE, combined
arterial embolization with chemotherapy for liver cancer
treatment, is typically used as a treatment for advanced liver
tumor (3). However, patient responses to TACE therapy are
varied. It is known that hepatitis B virus (HBV) is a risk
factor for hepatic carcinoma and that it is associated with
liver cirrhosis and liver cancer development (4). It has been
reported that HBV may affect the efficacy of chemotherapy
by mediating gene mutation and intratumor heterogeneity
in tumor livers (5). Furthermore, it has been reported that
the apoptosis-inducing effects of chemotherapy are different
in HBV-associated liver cancer cells compared with that in
HBV-negative hepatic tumor cells (6). The aim of the present
study was to use clinical data to assess differences in treat-
ment response to TACE in patients with HBV-associated liver
cancer and those with non-HBYV liver cancer, and to elucidate
the possible mechanisms.

Exosomes are membrane-bound microvesicles
(50-150-nm) that are released by various cells under normal
and pathological conditions (7,8). Exosomes are established as
participating in a number of biological functions and contain
various cargos, including proteins and RNAs (9). It has been
demonstrated that exosomes serve an important role in the
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formation and progression of tumors, with anti-apoptotic
effects in malignant cancer (10-12). For instance, extracel-
lular vesicles released from ovarian cancer cells stimulated
by cisplatin treatment may induce invasiveness and bystander
cell drug resistance via p38 and c-Jun N-terminal kinase
signaling (13). In addition, it has been reported that exosomes
are able to induce chemoresistance in liver cancer treated with
sorafenib (14).

Chaperone-mediated autophagy (CMA) is a selective
form of autophagy in which cytosolic proteins bearing a
pentapeptide motif biochemically associated with the KFERQ
sequence are recognized by a cytosolic heat shock cognate
protein, delivered to the lysosomal membrane and directly
translocated across it by a protein complex containing lyso-
some-associated membrane protein 2a (Lamp2a) (15). CMA is
associated with tumor growth, metastasis (16) and resistance
to anticancer therapy (17). Lamp2a overexpression in breast
tumors increases overall cell survival via the CMA pathway,
while Lamp2a inhibition causes glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) accumulation, Protein kinase B
(AKT1) phosphorylation, reactive oxygen species generation
and increased cellular apoptosis in breast cancer cells (18).
A previous study revealed that autophagy also serves an
essential role in neuroblastoma cells drug resistance and cell
survival (19). We therefore speculated that CMA may be able
to induce chemoresistance in HBV-associated liver cancer.

In the present study, in order to investigate the underlying
mechanisms of different responses to TACE in HBV and
non-HBYV patients with liver cancer, exosomes derived from
HBV-associated liver cancer cells were isolated and the
crucial roles of exosomes in chemoresistance were further
investigated. The research of the present study would provide
novel insight in the underlying mechanisms in liver tumors
diagnostics and therapeutics.

Materials and methods

Patient data and samples. Data was collected from patients
with hepatic carcinoma who were treated with TACE therapy
(oxaliplatin 130 mg/m?) at the Department of Hepatobiliary
Surgery between January 2014 and June 2017 in North China
University of Science and Technology Affiliated Hospital
(Tangshan, China). Inclusion criteria were as follows: Based
Specification for Diagnosis and Treatment of Primary
Liver Cancer (20); liver function A-B level (Child-Pugh
Classification) (21,22); Barcelona Clinical Liver Cancer
Staging System (BCLC) B stage (23); patients with no surgical
history and other therapy treatments, and patients with no other
primary tumor. The exclusion criteria were as follows: Patients
suffering from other severe diseases, including heart and renal
dysfunction, diffuse liver cancer, coagulation disorders, and
patients infected with hepatitis C. Patients were sorted into
HBV-associated liver cancer and non-HBV-associated liver
cancer groups depending on whether they were positive for
hepatitis B surface antigen, hepatitis B e-antigen (HBeAg) and
hepatitis B core antibody. In the HBV-associated liver cancer
group, there were 3 female and 15 male patients, with a sex
ratio (male:female) of 15:3 and a mean age of 54.63+6.21 years
(range, 39-68 years). In the non HBV-associated liver cancer
group, there were 4 female and 11 male patients, with a sex

LIU et al: EXOSOMES INDUCE CHEMORESISTANCE THROUGH CMA PATHWAY

ratio (male:female) of 11:4 and a mean age of 56.25+7.57 years
(range, 38-74 years). Data collection from the patients was
approved by the Institutional Review Board of North China
University of Science and Technology Affiliated Hospital
(Tangshan, Hebei, China). Serum samples were collected
from HBV-DNA-positive and healthy individuals at the
Clinical Laboratory of North China University of Science
and Technology Affiliated Hospital. All specimens were
flash-frozen upon collection and stored at -80°C until further
use. The present study was approved by the Ethics Review
Committee of North China University of Science and
Technology Affiliated Hospital (approval no. 17014).

Cell lines, reagents and antibodies. The hepatoblastoma
HepG?2 cell line (24) (supplied by Cell Resource Center,
Shanghai Institute of Life Sciences, Chinese Academy of
Sciences, Shanghai, China) was cultured at 37°C in a humidi-
fied atmosphere containing 5% CO,in high-glucose Dulbecco's
modified Eagle's medium (DMEM) supplemented with 10%
heat-inactivated FBS (both Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA), 100 U/ml penicillin and 100 mg/ml
streptomycin (Beijing Solarbio Technology Co., Ltd., Beijing,
China). The primary antibody against cleaved caspase-3
(dilution, 1:500; catalog no. PB0183) was obtained from
Wuhan Boster Biological Technology, Ltd. (Wuhan, China),
the anti-B-cell lymphoma-2 (Bcl-2) antibody (dilution, 1:500;
catalog no. WLO01556) was obtained from Wanleibio Co., Ltd.
(Shanghai, China) and the antibody against GAPDH (dilution,
1:5,000; catalog no. 5174S) was obtained from Cell Signaling
Technology, Inc. (Danvers, MA, USA). The antibody against
Lamp2a (dilution, 1:1,000; catalog no. ab125068) was obtained
from Abcam (Cambridge, MA, USA). The Goat anti-rabbit
IgG secondary antibody with the (dilution, 1:4,000; catalog
no. BA1039) was obtained from Wuhan Boster Biological
Technology, Ltd. (Wuhan, China).

HBYV virus infection. Cells were seeded at a concentration of
1x10° cells/dish. At 2 days post-plating, the cells were incubated
at 4°C for 2 h, then at 37°C for 6 h in an atmosphere containing
5% CO,.The HepG2 cells were infected with HBV-positive
serum (HBV-particles 1x10' copies/ml) and cocultured with
DMEM for 48 h. The HBV-positive serum was then removed,
the cells were washed with phosphate-buffered saline (PBS)
8 times and, in order to ensure no residual HBV virus was
present in the supernatants, the last washing PBS was restored
for polymerase chain reaction analysis to detect HBV virus
DNA replication. The cells were subsequently incubated with
pure DMEM for 24, 48, 72 and 96 h. Culture supernatants
were collected after these different incubation durations and
stored at -80°C for later use.

PCR analysis. HBV DNA copies of cell supernatant were
quantified by a SLAN-96P Real-time PCR system (Shanghai
Hongshi Medical Technology, Co., Ltd., Shanghai, China),
according to the Hepatitis B Viral DNA Quantitative
Fluorescence Diagnostic Kit (PCR-Fluorescence Probing kit;
cat. no., 20153400083; Sansure Biotech Inc., Hunan, China.)
instructions. The thermocycling conditions were as follows:
50°C for 2 min, 94°C for 5 min, 45 cycles of 94°C for 15 sec
and 57°C for 30 sec, and a final cooling at 25°C for 10 sec.
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Isolation and identification of exosomes. HBV-associated
exosomes derived from HepG2 cells infected with HBV serum
and non-HBV exosomes derived from HepG2 cells incubated
with HBV-negative serum were collected from the superna-
tant. Exosomes were isolated according to Exosome Isolation
Reagent protocols (GS™ Exosome Isolation Reagent, cat.
no., E1002; Geneseed Biotech, Co., Ltd, Guangzhou, China).
Exosomes Vesicles were resuspended in 100-200 ux1 PBS and
stored at -80°C for further use. The biomarkers of exosomes,
including cluster of differentiation (CD)9 and CD63, were
identified using western blotting and the protein in HepG2
cells was used as a positive control. Exosome pellets were
resuspended in PBS and placed onto Formvor carbon-coated
electron microscope grids (Electron Microscope Sciences,
Hatfield, PA, USA). Following incubation for 5 min at room
temperature, exosomes were fixed in 2% paraformaldehyde at
room temperature for 4 h, and washed twice with water. The
grids were then negatively stained with 10% uranyl acetate
for 10 min. The preparations were examined and images
were captured using transmission electron microscopy (TEM,;
JEM-2100; JEOL, Ltd., Tokyo, Japan). Each isolation was
verified by nanoparticle tracking analysis using a Nanosight
N-300 (Nanosight Ltd., Amesbury, UK) to determine the size
and quantity of EVs extracted.

Silencing. HepG2 cells were seeded in 6-well plates with
complete medium for 24 h, following which they were trans-
fected with short hairpin RNA (shRNA) targeting Lamp2a
(targeted sequence S-TCTTATGCATTGGAACTTAATTTG
ACAGA-3"; LAMP2 siRNA/shRNA/RNAI lentivirus Human
Target A; cat. no., iV012052a; ABM Inc, China) and negative
control (NC) shRNA (targeted sequence 5'-GGGTGAACT
CACGTCAGAA-3"; Scrambled shRNA GFP lentivirus; cat.
no., LVP015-G; ABM Inc.). The concentration of lentivirus
was >107 TU/ml. The transfection reagent EndoFectin™-Max
(iGeneBio, Guangzhou, China) was used to transfect HepG2
cells with Lamp2a shRNA lentivirus. At 96 h post-transfection,
the cells were washed twice and treated with 0.1 ug/ul puro-
mycin for screening. Transfection efficiency was determined
immediately using florescence microscopy and the effects of
transfection were assessed using western blotting.

Western blotting. HepG2 cells and cells treated with exosomes
or PBS were harvested and were lysed for 50 min on ice
in 100 ml of lysis buffer (containing phenylmethanesul-
fonyl fluoride and a phosphatase inhibitor). Lysates were
centrifuged at 12,000 x g for 15 min at 4°C. Proteins were
quantified by using the bincinchoninic acid protein assay kit
(Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocols. Equal amounts (60 ug) of cell lysates were
loaded and separated by 10% SDS-PAGE, following which
proteins were electrotransferred to polyvinylidene difluoride
membranes (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
The membranes were blocked for 60 min at 37°C with 5%
skimmed milk in the 1IXTBST (Beijing Solarbio Technology
Co., Ltd., Beijing, China) suspension medium and incubated
with the aforementioned primary antibodies at 4°C overnight.
After three washes with TBST, the membranes were incubated
with secondary antibodies for 60 min at room temperature
and washed again. Proteins were detected using an enhanced
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chemiluminescence system (Pierce; Thermo Fisher Scientific,
Inc.). Each experiment was repeated three times and similar
results were obtained.

Flow cytometry. Cell samples were analyzed using flow
cytometry analysis. Cells were stained with Annexin-V and
propidium iodide reagents (Annexin V-FITC/PI Apoptosis
Detection kit; catalog no. BB-4101-1; Bestbio, Co., Shanghai,
China) to assess apoptosis. Data were analyzed using a
FACSCalibur flow cytometer and BD CellQuest Pro software
5.1 (BD Biosciences, Franklin Lakes, NJ, USA). The analysis
was performed three times.

Statistical analysis. Graphs were created using Image Lab
system (v4.1; Bio-Rad Laboratories, Inc.). Student's t-test
or one-way analysis of variance with Scheffe's F post hoc
test were performed using SPSS 17.0 software (SPSS, Inc.,
Chicago, IL, USA). Data were presented as mean + standard
deviation. P<0.05 was considered to indicate a statistically
significant difference.

Results

Tumor volume reduction is lower in HBV-associated hepatic
carcinoma patients compared with that in non-HBV-asso-
ciated liver cancer patients following TACE treatment. To
determine the effects of HBV on the therapeutic efficacy
of TACE, pre- and post-treatment tumor volume data were
collected for HBV-positive and -negative liver cancer
patients treated with TACE. In addition, a comparison of
general patient characteristics was performed, as shown
in Table I. The data results revealed that the reduction in
tumor volume following TACE was significantly smaller
in the HBV-associated liver cancer group compared with
the HBV-negative liver cancer group (Fig. 1). These results
indicated that HBV infection was associated with a reduced
response to TACE therapy.

Exosomes derived from HBV-associated HepG2 cells
modulate chemoresistance in liver cancer cells. A cell model
infected with HBV serum was established as previously
described (25). PCR analysis was used to confirm that the last
PBS wash was negative for HBV-DNA. Therefore, no residual
HBYV virus existed in the washing supernatants. As indicated
in Fig. 2A, the copies of HBV DNA in the 96 h duration was
the highest compared with 12, 24 and 48 h durations. Cell
supernatant containing pure DMEM for 96 h were selected for
use in further experiments.

To confirm that the pellets were exosomes, their charac-
teristics were determined via various methods, including
western blotting, TEM and Nanosight tracking analysis.
Exosome markers CD63 and CD9 were identified using
western blotting (Fig. 2B). Exosomes were also confirmed to
have round vesicular morphology, as observed in the pellets
(Fig. 2C). It has been reported that exosomes released from
liver cancer cells induce cell resistance to sorafenib in vivo and
in vitro (14). However, the effects of exosomes derived from
HBV-associated hepatic tumors on liver cell chemoresistance
remain unknown. In the present study, it was demonstrated
that different apoptotic effects were achieved when cells were
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Table I. Comparison of patient characteristics between the experimental and control groups.

Clinical features

HBV-associated liver cancer

Non-HBV-associated liver cancer

Sex (male/female)

Mean age, years (mean + standard deviation)
Liver function (Child-Pugh classification)
BCLC staging system (23)

15/3 11/4
54.63+6.21 56.25+7.57
A-B A-B
B B

BCLC, Barcelona Clinic Liver Cancer staging system; HBV, hepatitis B virus.

100 -

80 -

40

The tumor volume decreased rate(%o)

HBV(-) liver cancer HBV(+) liver cancer

Figure 1. Tumor volume reduction in patients with HBV-associated hepatic
carcinoma and non-HBV-associated liver cancer following transcatheter
arterial chemoembolization. “P<0.05 vs. HBV(-) liver cancer. HBV, hepatitis
B virus.

treated with equivalent HBV-positive or -negative exosomes
(1x10' particles). Cleaved caspase-3 expression was decreased
and Bcl-2 expression was markedly increased in HepG2 cells
treated with HBV-associated exosomes compared with that
in the negative and blank control groups (Fig. 2D and E).
Exosome concentration and distribution were analyzed using
Nanosight tracking analysis following their isolation from the
supernatant. The results revealed that there was no significant
difference in exosome concentration between cells treated
with HBV-positive and HBV-negative serum (Fig. 2F). As
such, the possibility that exosomes released from liver cancer
cells infected with HBV induce chemoresistance due to an
increase in exosome secretion was eliminated. It has previously
been demonstrated in certain tumors that specific exosomes
containing RNAs can be transferred to specific target cells,
in which shuttled RNA induces functional chemoresis-
tance (12,13). We therefore concluded that HBV-associated
exosomes significantly downregulate apoptosis in liver cancer
cells by affecting the CMA pathway.

HBV-associated exosomes downregulate chemosensitivity
in a concentration-dependent manner. To further identify
the role of HBV-associated exosomes in liver tumor chemo-
resistance, apoptosis was assessed in cells transfected with
HBV-associated exosomes at different concentrations (4x10°,
8x10° and 1.6x10' particles/ml). The results revealed that
apoptosis was negatively associated with the concentration of
HBV-associated exosomes (Fig. 3A and B). The data therefore

confirmed that exosomes released from HBV-associated liver
cancer cells could downregulate cell sensitivity to oxali-
platin therapy in a concentration-dependent manner. Previous
studies have reported that CMA serves a role in tumor
anti-apoptosis (17). Based on this, the following experiments
were performed.

CMA activation decreases chemosensitivity in cells treated
with HBV-associated exosomes. CMA serves importantroles in
tumor progression and inhibiting apoptosis (16,17). Autophagy
has previously been reported to be involved in cancer drug
resistance (19). The aim of the present study was to investi-
gate whether the interaction between exosomes and CMA
influenced HBV-associated liver cancer chemoresistance. The
expression of Lamp2a, a key molecule in the CMA pathway,
was therefore investigated. Lamp2a expression was negatively
associated with cell apoptosis. In HepG2 cells treated with
HBV-associated exosomes and oxaliplatin, Lamp2a expres-
sion was upregulated in a concentration-dependent manner
(Fig. 4A and B). These results revealed that HBV-associated
exosomes decreased cell chemosensitivity by activating the
CMA pathway. Furthermore, in order to investigate whether
the apoptotic rate of cells treated with HBV-associated
exosomes was associated with CMA activation, Lamp2a was
knocked down in the present study. There was no indication
of Lamp2a protein expression on sh-Lamp2a HepG2 cells.
(Fig. 4C and D). When cells were treated with HBV-associated
exosomes, apoptosis was increased in HepG2-Lamp2a shRNA
cells compared with in HepG2-control shRNA cells (Fig. 4E).
Therefore, HBV-associated exosomes could influence cell
viability via regulating the CMA pathway in liver cancer
chemotherapy.

Discussion

The present study demonstrated the effect of exosomes derived
from HBV-associated HepG2 cells on liver cancer chemore-
sistance. Hepatoblastoma cell HepG2 cells has been reported
could generate resistance to chemotherapeutic drugs in vivo
and in vitro (26-28). Previous studies reported that exosomes
derived from hepatic carcinoma cells may generate resistance
to sorafenib in mice and induce sorafenib resistance via the
HGF/c-Met/Akt pathway (14). It has been reported that HBV
infection increases the risk of hepatic carcinoma development
and progression (29,30). Furthermore, HBV-associated liver
cancer cells and non-HBV-associated liver cancer cells respond
differently to chemotherapy (6). The focus of the current study
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Figure 2. Exosomes derived from HBV-positive liver cancer cells promote cell chemoresistance. (A) HBV-DNA contents in culture supernatant reached
a peaked at 96 h. Exosomes were isolated according to manufacturer's instructions (47). HepG2 cells were treated with HBV-positive serum (HBV-DNA
1x10" copies/ml) and HBV-DNA copy of the cell supernatant containing pure DMEM was detected at different times following removal of serum; experiments
demonstrated that HBV-DNA copies reached a peaked (16.89+5.02x10° copies/ml) at 96 h comparing with HBV-DNA copies in 12, 24, 48 h, which provided
the basis for subsequent experiments. (B) Exosome markers CD63 and CD9 were assessed by western blotting. GAPDH was used as an internal reference.
(C) Exosomes were characterized as round vesicles when examined using transmission electron microscopy (magnification, x40,000). (D) Detection of cell
apoptosis on treatment with 1x10" particles of HBV-associated exosomes in the experimental group and an equal amount of particles of non-HBV-associated
exosomes in the negative group. (E) Flow cytometry analysis of cell apoptosis. (F) Analysis of size distribution and exosome concentration in purified
exosomes using Nanosight technology. No statistically significant differences were indicated between HBV-associated and non-HBV-associated liver cancer
cells concerning exosomes concentration. “P>0.05 vs. exosomes from non-HBV-associated liver cancer cells. HBV, hepatitis B virus; Bel-2, B-cell lymphoma;
CD, cluster of differentiation; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; Exo, exosome; Oxa, oxaliplatin; UR, upper right; LR, lower right.

was the effects of exosomes derived from HepG2 cells infected ~ growth and associated microRNA (miR) production (31), and
with HBV-positive serum on liver cancer chemoresistance. it has been revealed that HBeAg-induced miR-106b expression
It has been reported that the HBV virus affects tumor cell  contributes to the pathogenesis of HBV-associated liver cancer
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Figure 3. Cell apoptosis was decreased by HBV-associated exosomes in a concentration-dependent manner. (A) Cells were treated with 1x10'°, 2x10'° or
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by downregulating the retinoblastoma gene (32). Furthermore,
various long non-coding RNAs serve functional roles in
HBV-associated hepatic carcinoma by regulating biological
processes (33,34).

Exosomes are 50- to 150-nm extracellular vesicles
released from cells that deliver cell-to-cell communications
in diverse conditions (7,35). It has been indicated that miR-21
in exosomes derived from neuroblastoma (NBL) is transferred
to human monocytes, while miR-155 in exosomes released
from human monocytes is transferred to NBL cells, and
that their interaction may mediate cisplatin resistance (36).
miR-155 released by exosomes derived from cancer stem cells
mediates chemoresistance and migration in breast cancer
cells (37). Indeed, in various tumors, the cargo transferred
by exosomes clearly serves a role in chemoresistance (38).
CMA has been reported to serve a role in the development
of various cancer types, including breast cancer (16,39) and
gastric cancer (40). CMA activation has been assessed by
measuring the expression of Lamp2a, which is required for
the growth of breast tumors (18). We previously demonstrated
that CMA pathway activation serves an important role in liver
cancer chemoresistance and radioresistance (41). However,

to the best of our knowledge, no evidence exists regarding
the combined effect of exosomes and the CMA pathway on
liver cancer chemoresistance. In the present study, in order to
specify the effects of CMA activation on liver cancer chemo-
resistance, the expression of Lamp2a was investigated using
western blotting following incubation with HBV-associated
exosomes and oxaliplatin. The results revealed that Lamp2a
was highly expressed in cells treated with HBV-associated
exosomes, and that it was negatively associated with apop-
tosis. These results indicate that exosomes derived from
HBV-associated liver cancer cells promote chemoresistance
by modulating the CMA pathway. These findings may have
clinical relevance for HBV-associated liver cancer resistance
to TACE treatment.

However, the mechanisms by which HBV-associated
exosomes regulate the CMA pathway to induce chemoresis-
tance in liver cancer cells were not directly addressed in the
current study. Exosomes serve a role in a range of biological
processes and it has been revealed that miR-1246 carried by
exosomes may induce breast cancer progression and chemo-
resistance via targeting of cyclin-G2 (42). More notably, it has
been reported that HBV-encoded X protein induces miR-21
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Figure 4. HBV-associated exosomes modulate drug resistance via CMA pathway activation. (A) Western blotting revealed that Lamp2a was highly expressed
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Lamp2a was upregulated by HBV-associated exosomes in a concentration-dependent manner. (C) Transfection efficiency of sShRNA as assessed using fluo-
rescence microscopy. (D) Interference efficiency of shRNA in HepG2 cells as assessed by western blotting. (E) The anti-apoptotic effects of HBV-associated
exosomes in HepG2 cells were reversed by Lamp2a silencing. Lamp2a, lysosome-associated membrane protein; HBV, hepatitis B virus; oxa, oxaliplatin;

CMA, chaperone-mediated autophagy; shRNA, short hairpin RNA; UR, upper right; LR, lower right; Ctr, control; PBS, phosphate-buffered saline; NC,
negative control; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

expression in hepatic tumor cells, and upregulates levels of  programmed cell death protein 4, leading to the prolifera-
exosomal miR-21 in hepatic carcinoma cells (43,44). miR-21  tion of hepatic carcinoma cells (45). In addition, miR-21 has
upregulation may repress the tumor-suppressor function of  been indicated to modulate systemic therapy resistance via
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autophagy in breast cancer cells (46). It was therefore assumed
that exosomal miR-21 may modulate HBV-associated liver
cancer chemoresistance via CMA activation. Further studies
are required to elucidate the exact role of exosomes released
from HBV-associated HepG2 cells on the efficacy of chemo-
therapy in liver cancer, and to identify novel treatment targets
for liver cancer patients with HBV-infection.

In summary, the results of the present study revealed that
tumor sensitivity to TACE differed greatly between HBV and
non-HBV liver cancer patients. To the best of our knowledge,
the present study is the first to investigate the interaction
between exosomes and CMA pathway activation in liver
cancer chemoresistance, and may provide a basis for targeting
exosomes to increase chemosensitivity in patients with liver
cancer and HBV infection.
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