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Hepatocellular carcinoma (HCC) is a commonly occurring liver malignancy. Its prognosis remains unsatisfac-
tory. Accumulating evidence has revealed that exosomal microRNAs (miRNAs) act as biomarkers and play cru-
cial roles in the advancement of HCC. The current study explored the biological role and fundamental mecha-
nism of exosomal miR-744 in HCC.

The serum exosomes of HCC patients were isolated by differential ultracentrifugation. MiR-744 expression in
HCC tissues, cell lines and serum exosomes were detected by quantitative real-time polymerase chain reac-
tion (qRT-PCR). EdU (5-ethynyl-2’-deoxyuridine) assay and Cell Counting Kit-8 (CCK-8) assay were conducted
to show the impacts of miR-744 or exosomal miR-744 on proliferation and sorafenib resistance in HepG2 cells.
The target of miR-744 was ascertained by regulating the level of miR-744 in HepG2 cells.

MiR-744 is downregulated in HCC tissues and cell lines as well as in exosomes derived from patient serum and
HepG2 cells. Additionally, downregulated miR-744 promotes HepG2 cell proliferation and inhibits the chemo-
sensitivity of HepG2 cells to sorafenib. PAX2 was identified as the functional target of miR-744. Interestingly,
miR-744 is decreased in exosomes derived from sorafenib-resistant HepG2 cells. Furthermore, when treated
with the miR-744-enriched exosomes, the proliferation of HepG2 cells was significantly suppressed, and the
sorafenib resistance was reduced.

MiR-744 has an imperative role in the propagation and chemoresistance of HCC. Serum exosomal miR-744
might act as a biomarker of HCC, and exosomal miR-744 might offer an innovative strategy for HCC treatment.
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Background

Hepatocellular carcinoma (HCC) is the commonest tumor of the
digestive tract and the sixth most commonly occurring malig-
nancy of the whole body. In addition, HCC is the second most
prominent cause of cancer-associated deaths universally [1].
Most HCC patients are identified at medium or progressive
stages, with tumors approximately >2 cm. At that time, it is
usually too late for superior treatment. Except for traditional
chemotherapeutic medications, such as gemcitabine (GEM),
oxaliplatin (OXA), and 5-fluorouracil (5-FU), the only effective
treatments are transarterial chemoembolization (TACE) plus tar-
geted treatment with the multikinase inhibitor sorafenib [2,3].
Even when advanced comprehensive therapy is applied, HCC
patients still have a poor prognosis. This is mainly because
HCC exhibits great resistance to normally preferred chemo-
therapeutic medicines [4]. Hence, the discovery of novel tar-
gets and the advancement of unique treatment tactics to in-
hibit chemoresistance are essential.

Exosomes are small extracellular vesicles discharged by almost
all cell types including cultured cells. They play momentous roles
in cell-to-cell communication because they carry DNA, mRNAs,
microRNAs (miRNAs), proteins and additional molecules as car-
go to recipient cells from donor cells and regulate their func-
tion [5]. A growing body of studies have reported that tumor
cell-derived exosomes can stimulate tumor progression and act
as effective biomarkers of the specific cancer [6]. Exosomes are
the main transporters of miRNAs in serum. Recently, serum exo-
somes generated from chemoresistant cells have been indicat-
ed to deliver miRNAs and transfer the drug resistant property
to sensitive cells [7,8]. Conversely, there are also many miRNAs
that are decreased in chemoresistant cancer cell-derived exo-
somes. For instance, Yuwen and colleagues found that the miR-
146a-5p level in serum exosomes is decreased, which indicates
the cisplatin chemoresistance in non-small cell lung cancer [9].
MiR-770 was considerably diminished in chemoresistant tissues
and could be transferred by exosomes [10]. Therefore, certain
serum exosome miRNAs can be developed as effective biomark-
ers for the chemoresistance of specific cancers. More impor-
tantly, exosomes could be used to carry miRNAs to tumor cells
and improve their sensitivity to chemotherapy.

Previous reports suggested that miR-744 was dysregulated in
many cancers. It inhibits the expression of eEF1A2 and leads
to the impedance of MCF7 cancer cell propagation [11]. MiR-
744 was also found to be dysregulated in multiple myeloma,
which was related to lower overall survival and the deteriora-
tion of myeloma patients [12]. In addition, the imperative role
of miR-744 in HCC has received increasing attention. Decreased
miR-744 has been demonstrated to promote the cell propaga-
tion of HCC [13]. However, whether serum exosomes can re-
flect the change in miR-744 in HCC patients is still unknown.
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In the current study, we purified serum exosomes from HCC
patients as well as exosomes from HepG2 cell culture media
and analyzed the levels of miR-744. We established that miR-
744 was reduced in serum exosomes and sorafenib-resistant
HepG2 (HepG2-R) cell-derived exosomes. Furthermore, exo-
somes derived from miR-744-overexpressing HepG2 cells can
deliver miR-744 into cells with low miR-744 levels and inhib-
it their proliferation and sorafenib resistance. Our study pro-
vides a potential strategy to suppress the growth of HCC with
exosomes.

Material and Method

Patients and samples

Clinical tissue samples were acquired from HCC patients who
underwent tumor resection at the First Affiliated Hospital of
Xi'an Jiaotong University between August 2017 and June 2018.
Tissues were obtained during operation and immediately pre-
served at -80°C. A total of 68 HCC tissue samples and 52 nor-
mal liver tissue samples were analyzed. Serum samples were
acquired from 10 male patients who were diagnosed with HCC
at our hospital. Ten healthy male volunteers aged 45 to 65
years were also recruited. None of the participants had under-
gone any preoperative treatment. No other underlying diseas-
es were found in any of the participants. The serum or serum
exosomal miRNAs in patients were collected prior to surgery.
All samples were centrifuged immediately to eliminate cell de-
bris. The acquired serum samples were kept at -80°C until fur-
ther use. This study was approved by the Ethical Committee
of the First Affiliated Hospital of Xi’an Jiaotong University. All
participants signed informed consent.

Cell culture

The normal human liver cell line LO2 was acquired from the
American Type Culture Collection (ATCC). Hepatocellular car-
cinoma cell lines HepG2 and MMC-7721 were acquired from
the China Center for Type Culture Collection. Cells were cul-
tured in Dulbecco’s Modified Eagle Medium (DMEM) comple-
mented with 10% fetal bovine serum (FBS) and 100 1U/mL
penicillin-streptomycin at 37°C with 5% CO,. To create the
sorafenib-resistant cells (HepG2-R), HepG2 cells were treated
with incremental concentrations of sorafenib (Selleck, Houston,
TX, USA); starting with 0.5 uM, the concentration was dou-
bled every 2 weeks until it reached 8 uM. Then, the HepG2-R
cells were treated with 8 pM of sorafenib biweekly to main-
tain the resistant ability [14].

To obtain exosomes, cells were cultured in 15-cm dishes with
30 mL of the whole culture. After reaching 70% confluence,
cells were washed with phosphate-buffered saline (PBS) and
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cultured in DMEM complemented with 10% exosome-deplet-
ed FBS for 48 hours. The exosome depleted FBS was obtained
by ultracentrifugation at 100 000xg for 12 hours.

Cell transfection

HepG2 cells were transfected with 100 nM of miR-744 mim-
ics, miR-744 inhibitor or negative control (RiboBio, Guangzhou,
China) by Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA).
For PAX2 overexpression, HepG2 cells were transfected with
4 pg of plasmids (GenePharma, Shanghai, China) in 60 mm
dishes. Then, 24 hours following transfection, the medium was
discarded, fresh medium was added, and the cells were used
for additional analyses. For exosome isolation, the medium
was collected 48 hours after medium replacement.

Exosome isolation

Exosomes from serum samples and cell culture media were
isolated by differential ultracentrifugation as reported previ-
ously [15]. Briefly, serum samples or cell culture media were
acquired and centrifuged at 300xg for 10 minutes with sub-
sequent centrifugation at 2000xg for 10 minutes. The super-
natant was collected and centrifuged again at 10 000xg and
4°C for 30 minutes to eliminate large particles. Then, the su-
pernatant was centrifuged at 100 000xg (Beckman Ti70) at
4°C for 70 minutes to gather the exosomes. The supernatant
was discarded, and the pellets were resuspended in 12 mL of
PBS for washing. Then, centrifugation at 100 000xg was con-
ducted for 70 minutes to obtain the pure exosomes.

Quantitative real-time polymerase chain reaction
(qQRT-PCR)

Total RNA was acquired from HepG2 cells or tumor samples by
TRIzol. Total serum RNA, including miRNA, was acquired by the
miRNeasy Serum/Plasma Kit (Qiagen, Germany). Experiments
were accomplished per the protocol. Total exosomal RNAs
were obtained using the miRNeasy Mini Kit (Qiagen, Germany)
based on the supplier’s instructions. Then, the RNA concentra-
tions were detected by a NanoDrop ND-1000 spectrophotom-
eter (NanoDrop Technologies, USA). Afterward, the TagMan
microRNA Reverse Transcription Kit (Applied Biosystems, USA)
was utilized to reverse transcribe the total RNA. All cDNA sam-
ples were either preserved at —20°C or used immediately for
qRT-PCR.

The qRT-PCR for miR-744 was carried out on an Mx3005P Real-
time PCR system (Stratagene, USA) along with SYBR® Premix
Ex Tag™ (TaKaRa, China). Small nuclear RNA U6 (U6 snRNA)
served as an internal control. The primers were purchased from
RiboBio (Guangzhou, China) and were as follows:
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miR-744 (F: 5’-ACACTCCAGCTGGGTGCGGGGCTAGGGCTAAC-3’
and

R: 5’-CTCAACTGGT GTCGTGGA-3’) and

U6 (F: 5’-GCTTCGGCAGCACATATACTAAAAT-3’ and

R: 5’-CTCAACTGGTGTCGTGGA-3’).

Western blotting

Cells, tissue samples, and exosome pellets were lysed with
radioimmunoprecipitation assay (RIPA) buffer (Beyotime
Biotechnology, China). The concentrations of protein were
detected by the bicinchoninic acid (BCA) method. Then, simi-
lar quantities of proteins were separated by 10% sodium do-
decyl sulfate (SDS) polyacrylamide gel electrophoresis (PAGE)
and transferred onto polyvinylidene difluoride (PVDF) mem-
branes (Millipore, USA). After the blots were blocked with 1%
bovine serum albumin (BSA) at room temperature for 2 hours,
they were then incubated with primary antibodies (PAX2, Cell
Signaling Technology (CST), USA; B-actin, Abcam, USA; FLOT1,
1: 1000, CST, USA; CD9 and CD81, SBI, USA) at 4°C overnight.
Then, the blots were incubated in specific secondary antibod-
ies at room temperature for 2 hours after washing. The blots
were observed via Electrochemiluminescence (ECL)-associated
fluorography (Millipore).

Transmission electron microscopy (TEM)

The separated exosome pellets were detected by transmission
electron microscopy (TEM) as reported previously. In brief, using
1% glutaraldehyde to fix a drop of purified exosomes (around
10 pL) for 10 minute and then loaded onto carbon-coated cop-
per grids. After staining with 1% uranyl acetate and drying,
the copper grids were placed into the HT7700 TEM (Hitachi,
Tokyo, Japan). Exosome images were captured, and the size
was calculated.

Cell viability assay

Cell Counting Kit-8 (CCK-8) detection kit (Beyotime
Biotechnology, China) was applied to detect cell viability with
a as instructed by the supplier. Cells were seeded in 48-well
plates and treated with 1 uM of sorafenib when they reached
80% confluence. Then, 24 hours later or at the designated
time points, the medium was replaced with 200 pL of fresh
medium along with 10 pL of CCK-8. Following incubation for
2 hours, the absorbance was read at 450 nm.

EdU (5-ethynyl-2’-deoxyuridine) assay

Cell propagation was evaluated by a Cell-Light EdU DNA cell
proliferation kit (RiboBio, China) according to the supplier’s
instruction [16]. Concisely, cells were sowed in 96-well plates,
and EdU (5-ethynyl-2’-deoxyuridine) medium was added for
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Figure 1. The expression of miR-744 in HCC tissues, cell lines and the serum of HCC patients. (A) gRT-PCR investigation of miR-744 in
68 HCC tissues and 52 normal liver tissues. (B) The expression of miR-744 in 21 paired HCC tissues and their corresponding
adjacent normal liver tissues. (C) qRT-PCR investigation of miR-744 in LO2, HepG2. and SMMC-7721 cell lines. (D) The
serum of HCC patients and healthy individuals was collected, and the miR-744 level was identified by qRT-PCR. ** P<0.01,
*** P<0.001. HCC - hepatocellular carcinoma; qRT-PCR — quantitative real-time polymerase chain reaction.

2 hours. Then, the cells were fixed with 4% paraformaldehyde
and neutralized with glycine. After penetrating with 0.5% Triton
X-100, Apollo 643 dyeing solution was added for 30 minutes
without light followed by washing with PBS containing 0.5%
Triton X-100. DAPI (4’,6-diamidino-2-phenylindole) solution
was used to stain the nucleus. Fluorescence microscopy was
used to capture images. The fraction of EdU-positive cells was
described as the proliferation rate.

Statistical analysis

The analysis was done with GraphPad Prism 8 (USA), and all
data are mentioned in the form of the mean+standard devia-
tion (SD). The t-test or paired t-test was implemented to com-
pare the data between 2 groups. One-way analysis of variance
(ANOVA) followed by a Tukey multiple comparison test was
utilized for investigating multiple groups. P<0.05 was consid-
ered to be statistical difference.

Results

HCC tissues and cell lines express lower levels of miR-744

We examined miR-744 expression in 68 HCC tissue samples
and 52 normal liver tissue samples. Our results showed an evi-
dent downregulation of miR-744 in HCC tissues (Figure 1A).
Furthermore, we analyzed 21 paired HCC tissue samples and
their adjacent normal tissues. Total RNA was extracted, and
gRT-PCR was carried out to identify the levels of miR-744 in
these tissues. We established that the miR-744 level was mark-
edly decreased in HCC tissues compared with the adjacent
normal tissues (Figure 1B). The HepG2 and SMMC-7721 cell
lines were utilized to determine the levels of miR-744. The re-
sults showed that miR-744 was declined in the HCC cell lines
(Figure 1C). Furthermore, ten healthy male volunteers and ten
male HCC patients aged 45 to 65 were recruited. Serum was
collected, and total RNA was extracted to determine the lev-
el of miR-744. The qRT-PCR assay suggested that the expres-
sion of miR-744 in healthy serum was greater than that in
HCC serum (Figure 1D).
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Figure 2. Exosome isolation and miR-744 expression in HCC patient serum-derived exosomes and cell culture medium-derived
exosomes. (A) Transmission electron microscopy image of exosomes extracted from the serum of HCC patients.
(B) Representative western blotting bands of exosome protein markers in the exosomes extracted from the serum of HCC
patients. (C) Exosomal miR-744 from the serum of HCC patients was evaluated by qRT-PCR. (D) Transmission electron
microscopy image of exosomes extracted from the culture medium of HepG2 and LO2 cells. (E) Exosome protein markers of
cell culture medium-derived exosomes were detected by western blotting. (F) Exosomal miR-744 of the cell culture medium
was evaluated by qRT-PCR. ** P<0.01. HCC — hepatocellular carcinoma; gRT-PCR — quantitative real-time polymerase chain

reaction.

Exosomes derived from patients’ serum and HepG2 cells
contain decreased levels of miR-744

The serum exosomes of HCC patients and healthy volunteers
were isolated by ultracentrifugation. TEM was used to identify
the morphology of the exosomes, and they presented a classi-
cal shape (Figure 2A). In addition, exosome markers, such as
CD9, CD81, and FLOT1, were detected by western blotting to
examine the purification of the exosomes (Figure 2B). Total RNA
was acquired from 10 pg of exosomes, and the miR-744 level
was determined by gRT-PCR assay. The results showed serum
exosomes from HCC patients were significantly reduced com-
pared with those derived from healthy individuals (Figure 2C).
Then, HepG2 and LO2 cells were cultured, and the exosomes
in the culture media were isolated. Morphology and exosome
markers were also detected (Figure 2D, 2E). Further study re-
vealed that miR-744 levels were decreased in exosomes from
the HepG2 culture medium compared to the LO2 culture me-
dium (Figure 2F).

PAX2 is upregulated in HCC tissue and was proven to be a
target of miR-744

To investigate the role of miR-744 in HCC, we searched for
the possible target of miR-744 using TargetScan software.
After analysis and testing, we found that PAX2 was a target
of miR-744. Western blotting showed a significant increase of
PAX2 in HCC tissues compare to the adjoining regular tissues
(Figure 3A). Moreover, HepG2 cells were transfected with plas-
mids of miR-744 mimic or inhibitor, and PAX2 was detected.
PAX2 was downregulated by the miR-744 mimic and rose by
the miR-744 inhibitor (Figure 3C). Figure 3B shows the trans-
fection efficiency of miR-744 in HepG2 cells.

MiR-744 regulates the proliferation and sorafenib
sensitivity of HCC cells

MiR-744 was proven to be declined in HCC tissues, but how it
affects the development of HCC is still unknown. We transfected
miR-744 mimic plasmids into HepG2 cells and detected the pro-
liferation of the cells by EdU staining. Thirty-six hours after trans-
fection, the proliferation rate of miR-744-overexpressing cells
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Figure 3. The negative regulation of PAX2 by miR-744. (A) Western blotting shows the expression of PAX2 in 2 representative paired
HCC tissues and their adjacent normal liver tissue samples (N for normal and H for HCC). (B) HepG2 cells were transfected
with miR-NC, miR-744 mimic or miR-744 inhibitor plasmids, and miR-744 expression was detected by gRT-PCR. (C) After
transfection with miR-NC, miR-744 mimic or miR-744 inhibitor plasmids, PAX2 expression in HepG2 cells was assessed.

* P<0.05, ** P<0.01, *** P<0.001. HCC — hepatocellular carcinoma; qRT-PCR — quantitative real-time polymerase chain reaction.
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Figure 4. MiR-744 suppresses the proliferation and chemoresistance of HCC. (A) HepG2 cells were transfected with the miR-744
mimic or co-transfected with miR-744 and PAX2. An EdU labeling assay was utilized to show the impact of miR-744 on cell
proliferation (* compared with miR-NC, # compared with miR-744, ns: no significant difference compared with miR-NC).
(B) The effect of the indicated transfection on the sorafenib resistance of HepG2 cells; CCK-8 assay was performed to assess
cell viability 24 hours after sorafenib treatment (* compared with miR-NGC, * compared with miR-744, ns: no significant
difference compared with miR-NC). (C) CCK-8 assay shows the sorafenib-resistant ability of the established HepG2-R cells
and normal HepG2 cells. (D) Western blotting shows the exosome protein markers of the isolated exosomes derived from
HepG2 and HepG2-R cell culture media. (E) The exosomal miR-744 levels in HepG2 and HepG2-R cell culture media were
evaluated by qRT-PCR. * and # represent P<0.05, ** and *# represent P<0.01, and *** P<0.001. HCC — hepatocellular carcinoma;
EdU - 5-ethynyl-2’-deoxyuridine; CCK-8 — Cell Counting Kit-8; gRT-PCR — quantitative real-time polymerase chain reaction.
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Figure 5. MiR-744-enriched exosome-treated HepG2 cells showed inhibited proliferation and chemoresistance. (A) HepG2 cells were
transfected with miR-NC or miR-744 mimic plasmids for 24 hours followed by 48 hours of culturing in fresh medium. Then,
the exosomes of the culture medium were isolated. Western blotting shows the exosome protein markers of the isolated
exosomes. (B) The miR-744 level of exosomes from the indicated cells was evaluated by qRT-PCR. (C) HepG2 cells were
treated with the exosomes described in (A). An EdU labeling assay was utilized to show the proliferation rate. (D) HepG2-R
cells were treated with the exosomes described in (A) for 24 hours. Then, CCK-8 assay was performed to assess cell
viability 24 hours after sorafenib treatment. (E) PAX2 expression in HepG2-R cells treated with the specified exosomes was
assessed. * P<0.05, ** P<0.01. gRT-PCR — quantitative real-time polymerase chain reaction; EdU — 5-ethynyl-2’-deoxyuridine;

CCK-8 — Cell Counting Kit-8.

was reduced compared with that of the control cells (Figure 4A).
The decrease in the proliferation rate was diminished if HepG2
cells were co-transfected with the miR-744 mimic and PAX2 plas-
mid (Figure 4A). In addition, the chemoresistance of HepG2 cell
to sorafenib was also regulated by miR-744. A CCK-8 assay was
implemented to evaluate cell viability after sorafenib adminis-
tration. The overexpression of miR-744 promoted cell death
when exposed to sorafenib (Figure 4B). Moreover, cells co-trans-
fected with the miR-744 mimic and PAX2 plasmid exhibited no
significant difference in cell viability compared to control cells
(Figure 4B). Furthermore, we established HepG2-R cells and pu-
rified the exosomes from the culture medium (Figure 4C, 4D).
Exosomal miR-744 was detected by qRT-PCR and was greatly de-
creased compared with that in normal HepG2 cells (Figure 4E).

Exosomes overexpressing miR-744 inhibit the proliferation
and chemoresistance of HCC cells

HepG2 cells were transfected with miR-744 mimic or control
plasmids 72 hours before exosomes were purified from the
culture medium. Western blotting showed the quantification
of exosomes from each cell group (Figure 5A). We detected

miR-744 level in the exosomes of each group by qRT-PCR, and
an increase in the level of miR-744 was shown in HepG2 cell-
derived exosomes (Figure 5B). Then, 20 ug of exosomes from
each cell group was added to HepG2 cells, and proliferation
was assessed. EdU staining indicated that exosomal miR-744
clearly hindered the propagation of HepG2 cells (Figure 5C).
To examine the impact of miR-744-enriched exosomes on the
chemoresistance of HCC cells, we treated HepG2-R cells with
miR-744-enriched exosomes and negative control exosomes.
Cell viability was analyzed by CCK-8 assay after sorafenib
treatment. We found that HepG2-R cells treated with miR-
744-overexpressing exosomes were more sensitive to sorafenib
(Figure 5D). Western blotting indicated that PAX2 in HepG2-R
cells was also downregulated by exosomal miR-744 (Figure 5E).

Discussion

Two main factors contributing to HCC-related deaths are the
lack of early diagnostic biomarkers and the chemoresistance
to drugs [17]. In this study, we identified exosomal miR-744
from serum as a biomarker of HCC. We found that miR-744
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levels in the serum exosomes of HCC patients were lower than
those in non-HCC patients. Interestingly, the level of miR-744
was considerably lower in exosomes derived from sorafenib-re-
sistant HCC cells. Furthermore, we confirmed PAX2 as a direct
as well as functional target of miR-744 in HCC cells. Moreover,
exosomal miR-744 can be developed as a new therapeutic ap-
proach for HCC, as it suppresses the propagation and chemo-
resistance of HCC by inhibiting the expression of PAX2.

Exosomes originate from internal multivesicular bodies in al-
most all cells [5]. They can be discharged into peripheral blood
and extensively spread in human body fluids, such as saliva,
urine, blood, and breast milk. Exosomes have critical functions
in intercellular interactions through the transport of biological
cargoes, comprising proteins, mRNAs, and miRNAs [18]. This is
mainly due to their stable status in blood, as they play a pro-
tective role against degradation by enzymes [19]. Exosomal
miRNAs have been studied as valuable biomarkers of many dis-
eases, especially cancers [20,21]. There are several advantag-
es of developing exosomal miRNAs as biomarkers for cancer.
Exosomes can be conveniently collected from serum, and the
analysis of miRNAs is simple. Examining exosomal miRNAs is
non-invasive and might be utilized as an early cancer screen-
ing method. Numerous circulating microRNAs have been de-
scribed as candidates for biomarkers related to HCC in pre-
ceding studies. In TACE-treated HCC patients, serum exosomal
miRNA-122 and miRNA-21 have been documented as prog-
nostic biomarkers [22]. Tang and his colleagues confirmed that
miR-9-3p in exosome represses HBGF-5 manifestation and is
a useful biomarker in HCC [23]. Serum exosomal miR-125b is
a new predictive indicator for HCC [24]. Qu Z et al. reported
the use of exosomal miR-665 as a new nominally aggressive
biomarker for HCC diagnosis as well as prognosis [25]. In the
current study, the serum levels of miR-744 were investigated
in patients with HCC. A previous study showed a decrease in
miR-744 in HCC tissues [26], and we established that miR-744
was also reduced in the serum of HCC patients. Furthermore,
we obtained exosomes from the serum of HCC patients and
from HCC cell lines and detected the miR-744 level; the results
showed low levels of miR-744 compared to those from normal
persons and cell lines. This finding indicated that serum exo-
somal miR-744 could be a potential candidate HCC biomarker.

Though the expression of miR-744 in HCC has been investigat-
ed in a few studies, its key function remains unclear. The role
of miR-744 in other cancers has been reported in many stud-
ies. Previous evidence has shown that miR-744 is a proto-on-
cogene in several malignant tumors, for example breast can-
cer, prostate cancer, and nasopharyngeal carcinoma [27-29].
However, it was proved to be a cancer suppressor in numer-
ous other cancers, especially tumors of the digestive system.
MiR-744 prevents tumor cell propagation as well as incur-
sion of gastric cancer by targeting brain derived neurotrophic
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factor [30]. MiR-744 also prevents cellular propagation as well
as incursion of colorectal cancer [31]. Another report indicated
that that lesser miR-744 was an autonomous projector of in-
ferior prognosis of HCC patients [26]. Nevertheless, its under-
lying mechanism in HCC and whether the change in miR-744
is detectable in serum exosomes is still unknown.

In our work, we proved that serum exosomal miR-744 is down-
regulated in HCC tissues. In addition, we identified that a direct
target of miR-744 is PAX2, which has been indicated to reg-
ulate the chemotherapy response in several cancers [32-34].
In HCC, PAX2 is in high expression level in cancer tissues com-
pared with adjacent normal tissues, which is contrary to the
expression of miR-744. Interestingly, the predicted binding site
of miR-744 was found in PAX2 mRNA by TargetScan software.
To further confirm that PAX2 is a direct target of miR-744, we
artificially manipulated miR-744 levels in HepG2 cells. PAX2
was markedly inhibited when cells were transfected with the
miR-744 mimic and accumulated when miR-744 was decreased.
This result proves that PAX2 can be effectively regulated by
miR-744 in HCC. PAX2 exerts a powerful antiapoptotic effect in
kidney cancer and ovarian cancer by activating the expression
of some apoptosis inhibitory genes [35,36]. It also promotes
the proliferation of cancer cells by re-entering them into the
mitotic cycle. Hence, PAX2 plays a significant role in weaken-
ing the outcomes of chemotherapy. By inhibiting miR-744, the
expression of PAX2 is increased in HCC cells, thus promoting
proliferation and sorafenib resistance.

Resistance to chemotherapy is one of the main obstacles to im-
proving the prognosis of HCC patients. Previous studies have
shown that chemoresistant cancer cells are enhanced in exo-
somes that might function as genetic modulators [37,38]. The re-
sistant-cell population might be capable of extending their resis-
tance qualities to other cells by their distinctive exosomes [39].
Therefore, we can capture these distinctive exosomes from the
circulation to predict the resistance characteristics of cancer cells
and select more effective strategies. We found that the decreased
miR-744 level in serum exosomes indicates the sorafenib resis-
tance of HCC cells. Moreover, when we treated HCC cells with miR-
744-enriched exosomes, the sensitivity of HCC cells to sorafenib
was markedly augmented and so was the proliferation ability.
This decrease was consistent with the decrease in PAX2 levels.

Conclusions

In brief, we showed that miR-744 expression is downregu-
lated in the serum exosomes and tissues of HCC patients.
Furthermore, PAX2 was demonstrated to be a direct target of
miR-744, which is increased in HCC tissues. Furthermore, dimin-
ished miR-744 facilitates the propagation and drug resistance
of HCC cells. Importantly, when treated with miR-744-enriched
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exosomes, the propagation and drug resistance of HCC cells
were significantly suppressed. These findings may be benefi-
cial for providing a valuable biomarker for HCC and predict-
ing drug resistance in HCC patients. Exosomal miR-744 may
be an underlying effective therapeutic target for HCC patients.
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