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ABSTRACT

Objective: This study aims to explore the roles of miR-124 in pancreatic tumor and potential vehicles.

Results: The miR-124 expression levels decreased in pancreatic adenocarcinoma tissues and cancer cell lines
AsPC-1, PANC1, BxPC-3 and SW1990. Furthermore, the elevated expression of miR-124 in AsPC-1 and PANC1 via
miR-124 mimic transfection-induced apoptosis, metastasis and epithelial mesenchymal transition was
suppressed, and the EZH2 overexpression partly reversed the protective effects of miR-124 against pancreatic
tumors. In addition, the expression of miR-124 was detected in exosomes extracted from miR-124-transfected
BM-MSCs, and these exosomes delivered miR-124 into pancreatic cancer cells, and presented the anti-tumor
effects in vitro and in vivo.

Conclusion: MiR-124-carried BM-MSC-derived exosomes have potential applications for the treatment of
pancreatic tumors.

Methods: The expression of miR-124 and EZH2 was determined in both pancreatic cancer tissues and cell lines.
miR-124 or EZH2 was overexpressed in AsPC-1 and PANC1 cells. Then, the effects on cell viability. apoptosis,
invasion, migration and epithelial mesenchymal transition were evaluated. Afterwards, the roles of miR-124 on
the expression and function of EZH2 in pancreatic tumors were determined by dual luciferase reporter assay.
Subsequently, miR-124 was transfected to bone marrow mesenchymal stromal cells (BM-MSCs), and the BM-
MSCs derived exosomes were isolated and co-cultured with AsPC-1 and PANC1 cells, or injected into pancreatic
cancer tumor-bearing mice.

INTRODUCTION year survival ratio of approximately 5-6% [1].
Furthermore, the mortality of pancreatic cancer
accounted for 4.5% of all cancers, which is almost
double its incidence [2]. One fifth of pancreatic

Pancreatic cancer, particularly pancreatic ductal
adenocarcinoma (PDAC), is one of the main threats

for public health, although pancreatic cancer is not the
most common cancer type. The latest global cancer
statistics have illustrated that the incidence of cancer at
the pancreas only accounted for 2.5% of total new
cancer cases, and this incidence has remained stable
for the past three decades [1, 2]. The major problem is
that pancreatic tumors have high fatality, and have a 5-

cancers cases occur in China, among which nearly
40% were under 65 years old [3]. In addition, 90% of
pancreatic cancers have mutations in K-Ras.
Unfortunately, to date, there is still no K-Ras-target
drug for therapy. The best strategy for pancreatic
cancer therapy is surgical resection, as long as it can
be detected early, because surgery provides good
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short-term outcomes. However, there is a real
challenge for pancreatic cancer diagnosis, because this
presents with very few typical symptoms [1, 4]. Recent
progresses of laparoscopy have provided a strong tool
for pancreatectomy. However, merely few pancreatic
cancer patients are suitable for surgery. The reason for
this is that many patients presented with transforming
diseases when upon diagnosis, which lead to poor
prognosis [1, 5]. In addition to surgery, chemotherapy,
such as Gemcitabine and Fluorouracil (5-FU), have
been used for pancreatic cancer treatment. However,
chemoresistance limits the outcomes [6]. Hence,
there is need to identify new weapons against
pancreatic cancer.

Non-coding RNAs, particularly ~ microRNAs
(miRNAs), have been verified by numerous recent
researches to be critical molecules involved in the
progression of pancreatic cancer [7-9]. MiRNAs are
short single-strand RNAs within typical 20-24
nucleotides processed from pri-miRNA and pre-
miRNA, and has the ability to modify the target gene
expression. In mammals, such as humans, mature
miRNAs inaccurately and complementarily bind to the
3’ untranslated region (UTR) of the target mRNAs,
and modestly repress the gene expression [10]. In
cancer, miRNAs induce a crucial effect on all kinds of
procedures, such as cancer cell proliferation,
connection, metastasis and apoptosis. This has been
considered as a potential target for the diagnosis and
treatment of tumors [11]. Among the thousands of
miRNAs, miR-124 has attracted increasing attention in
pancreatic cancer. Some clinical studies have found
that miR-124 expression decreases in pancreatic tumor
patients, and K-Ras has been identified as an
immediate goal of miR-124 [12, 13]. Furthermore,
EZH2 is a histone methyltransferase that catalyzes the
methylation of H3K27me3 in pancreatic tumors, and
has been considered as a downstream gene of K-Ras.
In addition, EZH2 has been considered to be critical
for pancreatic cancer [14, 15]. Interestingly, EZH2 has
been considered as a target of miR-124 in gastric
tumors [16]. However, it remains unclear whether the
expression of EZH2 is regulated by miR-124 in pan-
creatic cancer, and what the underlying mechanisms
are.

Exosomes are the vehicles of extracellular miRNAs,
and exosomal miRNAs take part in the metastasis and
chemoresistance of cancer cells [17]. Tumor-derived
exosomes may even repress the immune response
against cancer [18]. Exosomes are 30-100 nm
extracellular vesicles that contain mRNAs and
miRNAs. These are found in body fluids, such as blood,
urine and saliva [19]. The present study aimed to
identify the new target gene of miR-124, and explore

the function of exosomal miR-124 in pancreatic cancer
treatment.

RESULTS

MiR-124 expression was downregulated and the
expression of EZH2 was stimulated in pancreatic
cancer tissues and cell lines

First, RT-PCR was performed to examine the miR-124
and EZH2expression in pancreatic cancer tumor tissues.
The results revealed that the miR-124 expression
significantly decreased in pancreatic tumors, while the
EZH2 expression in pancreatic cancer tissues was
remarkably elevated (Figure 1A). Then, the expression
levels of miR-124 in pancreatic cancer cell lines AsPC-
1, PANC1, BxPC-3 and SW1990, and normal human
pancreatic duct epithelial cell line HPDE6were detected,
and the results were consistent with those of the clinical
samples. Furthermore, the expression levels of miR-124
in each pancreatic cancer cell line were all notably
lower, while the EZH2 expression were upregulated
than that in HPDE6 (Figure 1B). As the AsPC-1 and
PANCL cell lines in which the expression of miR-124
was the highest or lowest in pancreatic cancer cell lines
were used for further researches.

The overexpression of miR-124 suppressed cell
viability and induced cell apoptosis in pancreatic
cancer through regulation of EZH2

In order to further explore the influence of miR-124
against pancreatic cancer, the miR-124-3p mimic and
pcDNA3.1-EZH2 were transferred into AsPC-1 and
PANC1 cell. The miR-124 mimic transfection
significantly increased the intracellular miR-124 levels,
while the transfection of pcDNA3.1-EZH2 remarkably
enhanced the expression of EZH2 (Figure 2A).
Furthermore, cell viability was examined using the MTT
test, and the results indicated that the overexpression of
miR-124significantly decreased the cell viability, while
the overexpression of EZH2 reversed this effect (Figure
2B). Next, the apoptotic ratio of AsPC-1 and PANC1
after the miR-124 mimic or pcDNA3.1-EZH2 trans-
fection was determined by flow cytometry. The results
revealed that the overexpression of miR-124 remarkably
induced cell apoptosis in both cell lines, while
overexpression of EZH2 reversed the effects (Figure
2C). Western blot was used to detect the expression
levels of pro-apoptotic caspase-3, BAX and anti-
apoptotic Bcl-2, and the results confirmed that the miR-
124 mimic tempted the apoptosis in pancreatic tumor
cells, which was reversed by overexpression of EZH2
(Figure 2D). These results suggested interaction between
miR-124-3p and EZH2 might regulate cell viability and
apoptosis of pancreatic cancer cells.
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Overexpression of miR-124 reduced the invasion,
migration and epithelial mesenchymal transition
(EMT) of pancreatic cancer cells through regulation
of EZH2

The influence of the miR-124 mimic against the
invasion and migration of pancreatic cell lines AsPC-
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1 and PANC1 were analyzed, and the influence of
miR-124 on pancreatic cancer metastasis was
investigated. the Transwell assay indicated that cell
invasion was remarkably inhibited by overexpression
of miR-124-3p, and the wound-healing assay
illustrated that the miR-124 mimic-transfected AsPC-
1 and PANC1 cells had an obviously lower capability
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Figure 1. MiR-124 expression was downregulated and the expression of EZH2 was stimulated in pancreatic cancer tissues
and cell lines. Relative expression levels of miRNA-124 or EZH2 in pancreatic cancer tissues (A) or pancreatic cancer cell lines (B) AsPC-1,
PANC1, BxPC-3 and sw1990, and pancreatic duct epithelial cell line HPDE6 were determined by gRT-PCR or western blot. The results were
presented as the mean  standard deviation (SD) of three independent experiments. ***P<0.001, compared with normal tissues or HPDE6

cell lines.
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of migration than the control, and all the both effects
on cell invasion and migration were reversed by co-
transfection with pcDNA3.1-EZH2 (Figure 3A, 3B).
Furthermore, the expression levels of N1CD, Hesl,
MMP-9 and Vimentin were all downregulated, while
E-cadherin had an increased expression level in the
miR-124 mimic transfected cell lines, which was
reversed by overexpression of EZH2 (Figure 4).
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expression VS U6

™. miR-124-3p mimics

EZH2 mRNA expression
vs GAPDH

MiR-124 directly inhibited the expression of EZH2
in pancreatic cancer cells

Since the overexpression of EZH2 can partly reverse the
influence of the miR-124 mimic on the apoptosis,
invasion and migration of pancreatic cells, it was
determined whether EZH2 is a direct miR-124 target
using luciferase reporter systems. As shown in Figure 5A,
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Figure 2. The miR-124-mimic transfection significantly decreased the cell viability in AsPC-1 and PANC1 cell lines, and
induced apoptosis, while these effects were removed by the miR-124 inhibitor or EZH2 overexpression. Transfection efficacy
was determined by RT-gPCR (A). Cell viability was determined by MTT (B), the apoptosis ratio was determined using Annexin V-propidium

iodide (PI) by flow cytometry (C), and the expression of cleaved caspase-3, BAX and Bcl2 were determined by western blot (D). The results
were presented as the mean + standard deviation (SD) of three independent experiments.
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the predicted binding site between miR-124 and EZH2
was obtained from targetscan software. The relative
activity of luciferase obviously declined in miR-124
mimic-transfected cells and was significantly increased
in MiR-124 inhibitor-transfected cells in WT-EZH2,
while no significant difference was found in MUT-
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Figure 3. The miR-124-mimic transfection inhibited the invasion, migration of AsPC-1 and PANC1 cells, which were partly
reversed by the miR-124 inhibitor or EZH2 overexpression. The capability of cell invasion was determined by transwell assay (A). The

wound-healing assay was used for measurement for cell migration (B).
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miR-124 has the capability to directly inhibit the
expression of EZH2.

Preparation of BM-MSC-derived exosomes for miR-
124 delivery

To further investigate whether BM-MSC-derived
exosomes can be vehicles to deliver miR-124 into
pancreatic cancer cells, BM-MSCs were extracted
from the bone marrow of mice, and sub-cultured in
conditional medium. The results illustrated that BM-
MSCs possessed different markers, including positive
mesenchymal markers CD90 and CD105, and
endothelial markers CD34 and CD45 (Figure 6A).
Then the morphology of exosomes was observed
(Figure 6B) and the diameter of these vesicles was
approximately 30-100 nm, which is a typical range for
exosomes. It was hypothesized that BM-MSCs-
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derived exosomes have the capability to secrete miR-
124 via exosomes thus the exosomes were transfected
with the miR-124 mimic (miR-124-Exo0) or miR-NC
(miR-NC-Exo0). Results showed the expression level
of miR-124 was remarkably higher in miR-124-Exo
than miR-NC-Exo (Figure 6C). In order to further
identify these BM-MSC-derived exosomes, the
expression levels of CD9, CD63 and CD81 were
measured by western blot. The results illustrate that
these markers were all expressed in exosomes isolated
from natural exosomes, miR-124Exo and miR-NC-
Exo (Figure 6D), demonstrating that these exosomes
were successfully isolated from the medium. Next, the
above exosomes were co-cultured with either AsPC-1
or PANC1 cells and the expression level of miR-124
in miR-124-exo was obviously higher than that in
miR-NC-exo or control-exo (Figure 6E). Further
DilC16 staining also demonstrated the cell membrane
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Figure 4. The miR-124-mimic transfection inhibited the EMT of AsPC-1 and PANC1 cells, which were partly reversed by the
miR-124 inhibitor or EZH2 overexpression. The expression of N1CD, Hes1l, MMP-9, E-cadherin and vimentin were determined by
western blot. These results were presented as the mean * standard deviation (SD) of three independent experiments. **P<0.01, compared

with the control.
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of AsPC-1 or PANCL1 cells showed red stain in
exosomes co-cultured cells (Figure 6F), indicating that
exosomes could bind to receptor cells. All these results
suggested that BM-MSC-derived exosomes might
deliver miR-124 into pancreatic cancer cells.

The miR-124-carried BM-MSC-derived exosomes
suppressed the proliferation, invasion, migration
and EMT of pancreatic tumor cells, and induced
apoptosis in pancreatic cancer cells

AsPC-1 or PANCL1 cells were co-cultured with miR-
124-exo, and the cell viability, apoptosis, invasion,

A

migration and EMT related proteins were measured.
These results indicated that miR-124-carried exosomes
slowed down the proliferation of pancreatic cancer cells
(Figure 7A). The flow cytometry analysis results
showed that the presence of miR-124-exo increased the
ratio of apoptotic cells, which was confirmed by the
alteration of caspase-3, Bax and Bcl-2 (Figure 7B, 7C).
The wound-healing assay, and Transwell assay revealed
that miR-124-exo declined the capability of invasion
and migration for pancreatic cancer cells (Figure 7D,
7E). Western blot was used to determine the expression
levels of EMT related proteins EZH2, N1CD, Hesl,
MMP-9, vimentin and E-cadherin. It was found that the
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miR-124-exo co-culture upregulated the expression of
E-cadherin, and the expression of EZH2, N1CD, Hes1,
MMP-9 and Vimentin were all reduced in both cell
lines (Figure 8). These results implied that miR-126124-
carried BM-MSC-derived exosomes suppressed the
proliferation, invasion, migration and EMT of
pancreatic tumor cells, and induced apoptosis in
pancreatic cancer cells.
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Then, in vitro study was conducted to determine
whether exosomal miR-124 can increase the sensitivity
of pancreatic cancer cells to 5-FU. For AsPC-1 or
PANC1 cells, which were treated with 5-FU or 5-FU
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plus miR-124-exo, flow cytometry and western blot
were applied to detect the cell status. The results
revealed that 5-FU treatment alone has the capability
to tempt apoptosis, and suppress cell viability in
pancreatic tumor cells, and that miR-124-exo co-
culturing with 5-FU treatment remarkably enhanced
the effects of 5-FU on cell apoptosis and viability
(Figure 9A-9C). Besides, miR-124-exo also enhanced
the effects of 5-FU on EMT related proteins and
EZH2, in which miR-124-exo remarkably enhanced
the expression of E-cadherin, and decreased the
expression of EZH2, N1CD, Hesl, MMP-9 and
Vimentin (Figure 9D).

The above results were confirmed in vivo. MiR-124-exo
were injected into mice treated with 5-FU, and the
tumor size was narrowed, when compared with mice
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of miR-124-3p was also remarkably higher in miR-124-
exo group (Figure 10B). Then, the proteins were
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levels of caspase-3, BAX and E-cadherin increased,
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MMP-9 and vimentin were inhibited in tumors from
miR-124-exo and 5-FU co-treated mice, when
compared to 5-FU treatment alone (Figure 10C, 10D),
which was consistent with that in the in vitro
experiments.

DISCUSSION
In the latest decades, the function of miRNAs has

attracted increasing attention, since the development of
predictive tools suggest that the expression of thousands
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of genes are regulated by miRNAs [20]. MiRNAs
were found to play physiologic and pathologic roles in
humans, and affect the metabolism, immune response
and other functions in metabolic diseases and cancer
[21-23]. In pancreatic cancer, more than 20 miRNAs
were found to be associated with proliferation, meta-
stasis, apoptosis, or chemosensitivity [9, 23]. Among
these, miR-124 attracted increasing attention. In the
present study, it was found that the miR-124
expression in pancreatic cancer or pancreatic cancer
cell lines all decreased, and overexpression of miR-
124  delivered by BM-MSC derived exosomes
suppressed cell viability, invasion and migration, as
well as induced cell apoptosis in pancreatic cancer
through regulating EZH2.

MiR-124 is considered as a tumor suppressor in many
cancers. It was found miR-124 inhibited cell viability
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and invasion of HR-HPV-positive cervical cancer
cells by targeting RBG2, which was regulated by
INcRNA MALAT1 [24]. Another study also found
miR-124 inhibited cancer development in breast
cancer [25]. In a recent study, miR-124 was also
found to suppress growth, invasion and migration in
bladder cancer [26]. Indeed, the present study
revealed that the transfection of miR-124 or co-
culture with miR-124 that carried exosomes inhibited
the cell viability, invasion and migration, as well as
EMT in AsPC-1 and PANC1 cells. And the effects
might be through regulation of EZH2.

EZH2 has been considered as another target of miR-
124 [27]. EZH2 has an important function as a histone
methyl transferase to catalyze the methylation
of lysine27 of histone H3, and dynamically modifies
the structure of chromatin and blocks the gene
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Figure 8. Exosomes-delivered miR-124 inhibited the EMT in pancreatic cancers. The protein levels of EZH2, N1CD, Hes1, MMP-9,
vimentin and E-cadherin were determined by western blot (D). These results present the mean * standard deviation (SD) of three

independent experiments. ***P<0.001.
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transcription [28]. Since DNA and histone hyper-
methylation has been linked to carcinogenesis, and the
overexpression of EZH2 was found in numerous
cancer forms, including breast cancer, prostate cancer,
leukemia and pancreatic tumors, this has been
considered to be a potential cancer therapy target [29—
32]. A previous study revealed that EZH2 is the target
of miR-124 in gastric tumor cells [16]. In the present
study, it was found that miR-124 could induce the
apoptosis and suppress the cell invasion, migration
and EMT of pancreatic cancer cells, and miR-124 and
these effects could be partly restored by EZH2
overexpression. These findings suggest that miR-124
presents the anti-cancer role in an EZH2-dependent
manner in pancreatic cancer.
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Exosomes are defined as 30-100 nm vesicles secreted
from multi-vesicular bodies, and are distinguished
from other extracellular vesicles [33]. Exosomes have
the capability to bear and deliver proteins,
phospholipids, cholesterol, mMRNA, miRNA and other
non-coding RNAs, and play important roles in intra-
cellular communication [19]. In cancer, exosomes
may take part in proliferation, metastasis and chemo-
resistance [17]. At present, the miRNAs in exosomes
have attracted increasing attention in cancer diagnosis
and therapy. MiRNAs are expressed and sorted into
exosomes, and regulate the functions of recipient cells
[34]. The miRNAs of exosomes can be employed as
circulating bio-markers for numerous cancers, includ-
ing colorectal tumor, breast tumor, prostate tumor
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Figure 9. Exosomes-delivered miR-124 enhanced the chemotherapy on pancreatic cancers. The effects of BM-MSC-derived
exosomes on AsPC-1 or PANCL cell viability (A) were measured by MTT and apoptosis were determined using AnnexinV-propidium iodide (P1)
by flow cytometry (B), while the apoptosis related protein (C) levels of caspase-3, Bax, Bcl-2 and EZH2 and EMT related proteins (D) N1CD,
Hes1, MMP-9, vimentin and E-cadherin were determined by western blot. These results present the mean * standard deviation (SD) of three

independent experiments. ***P<0.001.
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and pancreatic tumor [35-37]. In pancreatic cancer,
miR-21, miR-17-5p, miR-10b, miR-23b-3p, miR-196a
and miR-1246were identified as potential exosomal
miRNA markers for diagnosis and/or prognosis [38-40].
Some exosomal miRNAs were identified as potential
cancer therapeutic targets, since these miRNAs may
take part in carcinogenesis, metastasis and drug
resistance [41, 42]. For instance, miR-301a was found
to be correlated to macrophage polarization, and was
considered to be a potential treatment target for
pancreatic tumors [43]. Recently, exosomal miRNAs
with anti-cancer effects were considered as novel
cancer therapy candidates [44]. In the present study, it
was demonstrated that BM-MSC-derived exosomes
have the capability to deliver miR-124 into pancreatic
tumor cells, and that miR-124-carried exosomes
suppressed the proliferation, metastasis and EMT, and
enhanced the chemosensitivity to 5-FU in vitro and in
vivo.

The present study also has some limitations. The
number of tissue samples is small and the clinical
significance of miR-124 in pancreatic cancer is unclear.
Besides, deeper insights are still needed to reveal the
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underlying molecular mechanisms for miR-124 in
pancreatic cancer. All these need more in vitro and in
vivo studies to confirm.

CONCLUSIONS

MiR-124-carried BM-MSC-derived exosomes are novel
candidates for pancreatic cancer treatment. Determining
how to deliver miRNAs with anti-cancer effects to the
pancreatic cancer microenvironment remains as a
challenge for the application of miRNA-based therapy.
These present findings suggest that exosomes derived
from BM-MSCs can be considered as a potential miR-
124 vehicle in pancreatic cancer treatment.

MATERIALS AND METHODS
Tissue samples

Eight pairs of formalin-fixed and paraffin-embedded
pancreatic adenocarcinoma tissues and the corres-
ponding non-tumorous pancreatic tissues were collected
from Tongji Hospital (Shanghai, China) from the tissue
bank of the hospital. All tissue samples in the
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Figure 10. Exosomes-delivered miR-124 enhanced the chemotherapy on pancreatic tumors in vivo. MiR-124-carried exosomes
enhanced the anti-tumor effects of 5-FU on pancreatic cancer (A) The expression of miR-124-3p was remarkably higher in miR-124-EXO
group (B) And the apoptosis related protein (C) levels of caspase-3, Bax, Bcl-2 and EZH2 and EMT related proteins (D) N1CD, Hes1, MMP-9,
vimentin and E-cadherin on pancreatic tumors were determined by western blot. These results present the mean + standard deviation (SD) of

three independent experiments. ***P<0.001.
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present were collected before chemotherapy
immediately after resection. The present study was
approved by the Ethics Committee of Tongji Hospital,
Medical School of Tongji University (Shanghai, China).
Each sample was stained with hematoxylin and eosin
(H&E) for histopathological identification.

Separation of rat mesenchymal stem cells

The bone marrow cells were separated from the whirl
bone of male Sprague-Dawley (SD) rats. Then, these
marrow cells were cultured in culture medium
(MesenPRO RS™ Medium, Gibco; 12746-012) and
separated using a BM-MSC Isolation Kit (TBD).
Afterwards, these cells were collected, placed in a
culture bottle, and culture for 2-3 days without dis-
turbing. Then, the culture medium was changed twice,
and the fused monolayer cells were observed at the third
generation. The BM-MSCs were identified by flow
cytometry.

Extraction and identification of exomes

For extraction of BMSCs-derived exosomes, BM-MSCs
were cultured in culture medium with 10% exosome-
depleted FBS before the extraction of exosomes. Then,
the culture medium was collected and prepared for
exosome collection within 24-48 hours. Next, a BM-
MSC solution of 50 mL was placed into a centrifuge
tube on ice. Then, the mixture was centrifuged at 4°C
with 800xg for 10 minutes to remove the sediment cells.
Afterwards, the supernatant was subsequently
centrifuged using 100 kDa Millipore ultrafiltration at
12,000xg for 20 minutes at 4°C to remove the cellular
debris. The exosomes were separated from the super-
natant according to the instructions of the exosome
extraction Kit.

For identification, the supernatant was collected,
centrifuged and resuspended in 200 pl PBS, fixed by
with 2% paraformaldehyde and loaded on parafilm. The
exosome samples were observed under a transmission
electron microscopy (JEM-1400PLUS, Japan) at 100
KV and the NTA software was used to evaluate the size
of exosomes. Annexin V-propidium iodide (PI) staining
was performed for analysis of CD45-FITC, CD34-PE,
CD90-FITC and CD105-PE for the identification of
exosomes, according to manufacturer’s instructions,
which were analyzed using a BD LSRFortessa with
flow cytometry.

Cell culture and transfection
The human pancreatic cancer cell lines AsPC-1,

PANC1, BxPC-3 and SW1990, and normal pancreatic
epithelial HPDEG6 cells were provided by the Cell

Resource Center of Shanghai Institute of Biochemistry.
All cells were cultured in RPMI-1640 (Thermo Fisher
Scientific, Waltham, MA, USA), which contained 10%
fetal bovine serum.

For cell transfection, the miRNA-124-3p mimics and
negative control oligonucleotides (10 nM for each)
(synthesized by GenePharma Co., Ltd., Shanghai,
China) were transfected into the cells using
Lipofectamine 2000 reagents (Invitrogen Life
Technologies), according to the protocol of the
manufacturer. After transfection for 48 hours, cells were
collected to conduct the analyses, and determined by
gRT-PCR and western blot. For co-incubation of
pancreatic cancer cell lines and exomes, the extracted
exomes (extracted from 200 mL culture medium) which
were transfected with miR-124-3p mimics (miR-124-
exo), or mimics NC (miR-NC-exo) (10 nM for each)
were co-incubated with AsPC-1 and PANCL cell lines.

MTT Assay

For MTT Assay, cells (1x10* mL™) were seeded on each
well of a 96-well plate at 37°C in an incubator containing
5% CO> overnight. After incubation for 24 hours at 37°C,
20 pL of MTT was added to each well, and incubation
was continued for another four hours. Then, the medium
was removed and 100 pL of dimethyl sulphoxide
(DMSO) was added. Afterwards, the optical density
(OD) of each well at 490 nm was recorded using an
enzyme-linked immunodetector (Spark 10M, TECAN).

RNA  separation  and Real-time reverse
transcription-polymerase chain reaction (RT-PCR)

The total RNA extracted from cultured cells were
detected using TRIzol reagent (Invitrogen, Carlshad,
CA, USA). Then, the total RNA of the total tissues
extracted from the FFPE tissue slice were detected using
an miRNeasy FFPE kit (Qiagen, Valencia, CA, USA),
according to manufacturer's instructions. The integrity of
the RNA was detected by electrophoresis with 1.5%
agarose gel, and the concentration of the RNA was
detected using NanoDrop 1000 (Thermo Fisher
Scientific, Waltham, MA, USA). The synthesis of the
cDNA was conducted according to the recommendation
of the manufacturer. Briefly, the RNA was reverse-
transcribed (RT) using a ReverAid First Strand cDNA
kit, in combination with a stem-loop primer for miRNA-
124. Then, U6 snRNA or GAPDH was used as the
reference genes. Then, the cDNA products were diluted
at 20%, and the 10-uLL PCR mixture contained 1 pL of
diluted RT product, 5 uL of SYBR-Green Master Mix, 2
uL of RNase-free water, 1 uL of forward primer, and 1
puL of reverse primer. These amplifications were
performed in a 96-well plate at 95°C for 10 minutes,
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followed by 40 cycles of 95°C for 15 seconds and 60°C
for one minute. Each sample was run in triplicate. The
relative  miRNA-124 and mRNA expression were
expressed using the 224 method.

Western blot assay

Briefly, the collected protein samples were extracted
using RIPA buffer, and one-fourth of each protein sample
of the concentrated sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)
protein buffer solution was added, and boiled for five
minutes to make the protein denature. Then, the
protein samples were separated by SDS-PAGE gel and
transferred to nitrocellulose membranes at 200 mA for
90 minutes. After blocking the membranes with 5%
low-fat milk powder, which contained Tris-buffered
saline-Tween 20 solution, at room temperature for two
hours, the membranes were incubated with primary
antibodies at 4°C overnight. All primary antibodies
(CD9, CD63, CD81, Ezh2, N1CD, Hesl, MMP-9, E-
cadherin, vimentin caspase-3, Bax and Bcl-2, Abcam)
were diluted at 1:500. After removing the primary
antibody, the membranes were incubated with the
appropriate horseradish peroxidase-labeled secondary
antibody (diluted at 1:5,000, Abcam) for one hour at
room temperature. Then, the bound antibodies were
viewed using enhanced chemiluminescence reagents.
The protein bands were obtained using a multi-
function imager, and semi-quantified using the ImageJ
software.

Wound healing assay

124Cells were cultured in a 24-well plate up to
confluence. Then, these were wounded by dragging a
200-pl pipette tip through the monolayer. Afterwards,
all cells were washed to remove the cellular debris,
which allowed cells to migrate for 24 hours. Images
were recorded at 0 and 24 hours after wounding under
an Eclipse Ti-U (Nikon, Kanagawa, Japan) inverted
microscope. The relative surface traveled by the leading
edge was evaluated using the Image-Pro Plus 6.0
software, and each independent experiment was
conducted for three times.

Transwell assays

The cell invasion assay was performed using Matrigel-
coated Transwell chambers with a pore size of 8 pm. At
48 hours after transfection, these cells were seeded onto
the upper chambers at a final concentration of
5x10* cells/well, and cultured in 100 pL of serum-free
medium. The lower chambers contained 700 uL. of
medium with 10% FBS. After 40 hours of incubation,
these cells were allowed to migrate or invade through

the filter into the lower side of the chamber, and were
fixed and stained with crystal violet for 30 minutes.
Then, the number of cells was counted under a
microscope, and counted using Image-Pro Plus version
6.0. The invaded cell rates were calculated as invaded
cells in test group/blank control group.

Luciferase reporter assay

For luciferase detection, a fragment of the EZH2 gene
3'UTR that contains the miR-124 binding site was
amplified in the pMIR-REPORT vector (Ambion,
Austin, TX, USA), and cloned to the downstream of the
firefly luciferase gene. The mutation vector was
generated by cloning the mutated fragment into the
PMIR-REPORT vector. Then, AsPC-1 and PANCL1
cells were cultured into a 96-well plate to transfect with
the miR-NC and miR-124 mimics. After incubation for
48 hours, these cells were lysed, and luciferase activity
assay was performed using the Dual Luciferase
Reporter Assay System (Promega, Madison, WI, USA).

Tumor xenograft assay in BALB/c Nu Nu mice

For tumor xenograft assay, 24 male BALB/C nude mice
(4~6 weeks, 12+2 @) were purchased from SJA
Laboratory Animal company (Hunan, China). All
animals were kept in a light-controlled room under a 12
h/12 h light/dark cycle and controlled temperature (23-
25°C), and had free access to food and water. In
particular, any effort was put to avoid unnecessary pain
of the animals. The whole study was approved by the
Institutional Animal Care Committee at Tongji Hospital,
Medical School of Tongji University (Shanghai, China).
Briefly, the AsPC-1 cells, 1x10°) which were co-
incubated with miR-124-exo or miR-NC-exo were
inoculated in mice at the subcutaneous right part.
Afterwards, mice were sacrificed after inoculating for 35
days, and analyzed by tumor weight. Each group
included 6 mice. For treatment of 5-FU, each mouse
received 5 mg 5-FU around the tumor bearing site.

Statistical analysis

All experimental data were independently repeated for
at least three times. One-way analysis of variance
(ANOVA,) followed by Tukey post hoc test. was used to
analyze the data and comparison between two groups
was performed using the Student t-test., which was
expressed as mean + standard deviation (SD). Statistical
significance was defined as P<0.05.

Ethics approval and consent to participate

The present study was approved by the Ethics
Committee of Tongji Hospital, Medical School of
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included in the published article.

Abbreviations

BM-MSCs: Bone marrow mesenchymal stromal cells;
PDAC: Pancreatic ductal adenocarcinoma; 5-FU:
Fluorouracil; MiRNAS: MicroRNAS; H&E:
Hematoxylin and eosin; DMSO: Dimethyl sulphoxide;
RT: Reverse-transcribed; FBS: Fetal bovine serum;
EMT: Epithelial mesenchymal transition P3; P3:
Passage 3.

AUTHOR CONTRIBUTIONS

Yan Xu and Nanbin Liu produced substantial
contributions to the conception of the study, Yuhua
Wei, Rui Lin, Deren Zhou and Xiuyan Wang produced
substantial contributions to the design, acquisition of
data, and analysis and interpretation of data of the
study. Nanbin Liu and Baomin Shi were involved in
drafting the manuscript and the critical revision for
important intellectual content. All authors provided the
final approval for the version to be published.

CONFLICTS OF INTEREST

The authors declare that there are no conflicts of
interest.

FUNDING
No funding was received for this study.
REFERENCES

1. Ryan DP, Hong TS, Bardeesy N. Pancreatic
adenocarcinoma. N Engl J Med. 2014; 371:1039-49.
https://doi.org/10.1056/NEJMral1404198
PMID:25207767

2. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA,
Jemal A. Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2018;
68:394-424.
https://doi.org/10.3322/caac.21492 PMID:30207593

3. LinQJ, YangF, Jin C, Fu DL. Current status and progress
of pancreatic cancer in China. World J Gastroenterol.
2015; 21:7988-8003.

10.

11.

12.

https://doi.org/10.3748/wijg.v21.i26.7988
PMID:26185370

Paulson AS, Tran Cao HS, Tempero MA, Lowy AM.
Therapeutic  advances in  pancreatic  cancer.
Gastroenterology. 2013; 144:1316-26.
https://doi.org/10.1053/].gastro.2013.01.078
PMID:23622141

Stathis A, Moore MJ. Advanced pancreatic carcinoma:
current treatment and future challenges. Nat Rev Clin
Oncol. 2010; 7:163-72.
https://doi.org/10.1038/nrclinonc.2009.236
PMID:20101258

de Sousa Cavalcante L, Monteiro G. Gemcitabine:
metabolism and molecular mechanisms of action,
sensitivity and chemoresistance in pancreatic cancer.
Eur J Pharmacol. 2014; 741:8-16.
https://doi.org/10.1016/j.ejphar.2014.07.041
PMID:25084222

Tang YT, Xu XH, Yang XD, Hao J, Cao H, Zhu W, Zhang
SY, Cao JP. Role of non-coding RNAs in pancreatic
cancer: the bane of the microworld. World J
Gastroenterol. 2014; 20:9405-17.
https://doi.org/10.3748/wjg.v20.i28.9405
PMID:25071335

Papaconstantinou IG, Lykoudis PM, Gazouli M, Manta
A, Polymeneas G, Voros D. A review on the role of
microRNA in biology, diagnosis, and treatment
of pancreatic adenocarcinoma. Pancreas. 2012;
41:671-77.
https://doi.org/10.1097/MPA.0b013e31823c9d21
PMID:22695087

Shi M, Xie D, Gaod Y, Xie K. Targeting miRNAs for
pancreatic cancer therapy. Curr Pharm Des. 2014;
20:5279-86.
https://doi.org/10.2174/1381612820666140128210443
PMID:24479803

Bartel DP. MicroRNAs: target recognition and
regulatory functions. Cell. 2009; 136:215-33.
https://doi.org/10.1016/j.cell.2009.01.002
PMID:19167326

Hayes J, Peruzzi PP, Lawler S. MicroRNAs in cancer:
biomarkers, functions and therapy. Trends Mol Med.
2014; 20:460-69.
https://doi.org/10.1016/j.molmed.2014.06.005
PMID:25027972

Sun B, Liu X, Gao Y, Li L, Dong Z. Downregulation of
miR-124 predicts poor prognosis in pancreatic ductal
adenocarcinoma patients. Br J Biomed Sci. 2016;
73:152-57.
https://doi.org/10.1080/09674845.2016.1220706
PMID:27922430

WWW.aging-us.com

19674

AGING


https://doi.org/10.1056/NEJMra1404198
https://pubmed.ncbi.nlm.nih.gov/25207767
https://doi.org/10.3322/caac.21492
https://pubmed.ncbi.nlm.nih.gov/30207593
https://doi.org/10.3748/wjg.v21.i26.7988
https://pubmed.ncbi.nlm.nih.gov/26185370
https://doi.org/10.1053/j.gastro.2013.01.078
https://pubmed.ncbi.nlm.nih.gov/23622141
https://doi.org/10.1038/nrclinonc.2009.236
https://pubmed.ncbi.nlm.nih.gov/20101258
https://doi.org/10.1016/j.ejphar.2014.07.041
https://pubmed.ncbi.nlm.nih.gov/25084222
https://doi.org/10.3748/wjg.v20.i28.9405
https://pubmed.ncbi.nlm.nih.gov/25071335
https://doi.org/10.1097/MPA.0b013e31823c9d21
https://pubmed.ncbi.nlm.nih.gov/22695087
https://doi.org/10.2174/1381612820666140128210443
https://pubmed.ncbi.nlm.nih.gov/24479803
https://doi.org/10.1016/j.cell.2009.01.002
https://pubmed.ncbi.nlm.nih.gov/19167326
https://doi.org/10.1016/j.molmed.2014.06.005
https://pubmed.ncbi.nlm.nih.gov/25027972
https://doi.org/10.1080/09674845.2016.1220706
https://pubmed.ncbi.nlm.nih.gov/27922430

13.

14.

15.

16.

17.

18.

19.

20.

21.

DulJ, He Y, Wu W, Li P, Chen Y, Hu Z, Han Y. Targeting
EphA2 with miR-124 mediates erlotinib resistance in K-
RAS mutated pancreatic cancer. J Pharm Pharmacol.
2019; 71:196-205.
https://doi.org/10.1111/jphp.12941 PMID:30604411

Fujii S, Fukamachi K, Tsuda H, Ito K, Ito Y, Ochiai A. RAS
oncogenic signal upregulates EZH2 in pancreatic
cancer. Biochem Biophys Res Commun. 2012;
417:1074-79.
https://doi.org/10.1016/j.bbrc.2011.12.099
PMID:22222375

Huang L, Holtzinger A, Jagan |, BeGora M, Lohse |, Ngai
N, Nostro C, Wang R, Muthuswamy LB, Crawford HC,
Arrowsmith C, Kalloger SE, Renouf DJ, et al. Ductal
pancreatic cancer modeling and drug screening using
human pluripotent stem cell- and patient-derived
tumor organoids. Nat Med. 2015; 21:1364-71.
https://doi.org/10.1038/nm.3973

PMID:26501191

Xie L, Zhang Z, Tan Z, He R, Zeng X, Xie Y, Li S, Tang G,
Tang H, He X. MicroRNA-124 inhibits proliferation and
induces apoptosis by directly repressing EZH2 in gastric
cancer. Mol Cell Biochem. 2014; 392:153-9.
https://doi.org/10.1007/s11010-014-2028-0
PMID:24658854

Azmi AS, Bao B, Sarkar FH. Exosomes in cancer
development, metastasis, and drug resistance: a
comprehensive review. Cancer Metastasis Rev. 2013;
32:623-42.
https://doi.org/10.1007/s10555-013-9441-9
PMID:23709120

Graner MW, Schnell S, Olin MR. Tumor-derived
exosomes, microRNAs, and cancer immune
suppression. Semin Immunopathol. 2018; 40:505-15.
https://doi.org/10.1007/s00281-018-0689-6
PMID:29869058

Yafiez-M6 M, Siljander PR, Andreu Z, Zavec AB, Borras
FE, Buzas El, Buzas K, Casal E, Cappello F, Carvalho J,
Colas E, Cordeiro-da Silva A, Fais S, et al. Biological
properties of extracellular vesicles and their
physiological functions. J Extracell Vesicles. 2015;
4:27066.

https://doi.org/10.3402/jev.v4.27066 PMID:25979354

Lewis BP, Burge CB, Bartel DP. Conserved seed pairing,
often flanked by adenosines, indicates that thousands
of human genes are microRNA targets. Cell. 2005;
120:15-20.

https://doi.org/10.1016/j.cell.2004.12.035
PMID:15652477

Tessitore A, Cicciarelli G, Del Vecchio F, Gaggiano A,
Verzella D, Fischietti M, Mastroiaco V, Vetuschi A,
Sferra R, Barnabei R, Capece D, Zazzeroni F, Alesse E.

22.

23.

24,

25.

26.

28.

29.

MicroRNA expression analysis in high fat diet-induced
NAFLD-NASH-HCC progression: study on C57BL/6J
mice. BMC Cancer. 2016; 16:3.
https://doi.org/10.1186/s12885-015-2007-1

PMID:26728044

Wang H, Shao Y, Yuan F, Feng H, Li N, Zhang H, Wu C,
Liu Z. Fish oil feeding modulates the expression of
hepatic MicroRNAs in a western-style diet-induced
nonalcoholic fatty liver disease rat model. Biomed Res
Int. 2017; 2017:2503847.
https://doi.org/10.1155/2017/2503847

PMID:28691019

Greening DW, Gopal SK, Xu R, Simpson RJ, Chen W.
Exosomes and their roles in immune regulation and
cancer. Semin Cell Dev Biol. 2015; 40:72-81.
https://doi.org/10.1016/j.semcdb.2015.02.009

PMID:25724562

Liu S, Song L, Zeng S, Zhang L. MALAT1-miR-124-RBG2
axis is involved in growth and invasion of HR-HPV-
positive cervical cancer cells. Tumour Biol. 2016;
37:633-40.
https://doi.org/10.1007/s13277-015-3732-4

PMID:26242259

Wang Y, Chen L, Wu Z, Wang M, Jin F, Wang N, Hu X,
Liu Z, Zhang CY, Zen K, Chen J, Liang H, Zhang Y, Chen
X. miR-124-3p functions as a tumor suppressor in
breast cancer by targeting CBL. BMC Cancer. 2016;
16:826.

https://doi.org/10.1186/512885-016-2862-4
PMID:27842510

Xiong Y, Wang L, Li Y, Chen M, He W, Qi L. The long
non-coding RNA XIST interacted with MiR-124 to
modulate bladder cancer growth, invasion and
migration by targeting androgen receptor (AR). Cell
Physiol Biochem. 2017; 43:405-18.
https://doi.org/10.1159/000480419 PMID:28869948

. Neo WH, Yap K, Lee SH, Looi LS, Khandelia P, Neo SX,

Makeyev EV, Su IH. MicroRNA miR-124 controls the
choice between neuronal and astrocyte differentiation
by fine-tuning Ezh2 expression. J Biol Chem. 2014;
289:20788-801.
https://doi.org/10.1074/jbc.M113.525493
PMID:24878960

Margueron R, Reinberg D. The polycomb complex
PRC2 and its mark in life. Nature. 2011; 469:343—-49.
https://doi.org/10.1038/nature09784 PMID:21248841

Wang X, Hu B, Shen H, Zhou H, Xue X, Chen Y, Chen S,
Han Y, Yuan B, Zhao H, Zhi Q, Kuang Y. Clinical and
prognostic relevance of EZH2 in breast cancer: a meta-
analysis. Biomed Pharmacother. 2015; 75:218-25.
https://doi.org/10.1016/j.biopha.2015.07.038
PMID:26271144

WWW.aging-us.com

19675

AGING


https://doi.org/10.1111/jphp.12941
https://pubmed.ncbi.nlm.nih.gov/30604411
https://doi.org/10.1016/j.bbrc.2011.12.099
https://pubmed.ncbi.nlm.nih.gov/22222375
https://doi.org/10.1038/nm.3973
https://pubmed.ncbi.nlm.nih.gov/26501191
https://doi.org/10.1007/s11010-014-2028-0
https://pubmed.ncbi.nlm.nih.gov/24658854
https://doi.org/10.1007/s10555-013-9441-9
https://pubmed.ncbi.nlm.nih.gov/23709120
https://doi.org/10.1007/s00281-018-0689-6
https://pubmed.ncbi.nlm.nih.gov/29869058
https://doi.org/10.3402/jev.v4.27066
https://pubmed.ncbi.nlm.nih.gov/25979354
https://doi.org/10.1016/j.cell.2004.12.035
https://pubmed.ncbi.nlm.nih.gov/15652477
https://doi.org/10.1186/s12885-015-2007-1
https://pubmed.ncbi.nlm.nih.gov/26728044
https://doi.org/10.1155/2017/2503847
https://pubmed.ncbi.nlm.nih.gov/28691019
https://doi.org/10.1016/j.semcdb.2015.02.009
https://pubmed.ncbi.nlm.nih.gov/25724562
https://doi.org/10.1007/s13277-015-3732-4
https://pubmed.ncbi.nlm.nih.gov/26242259
https://doi.org/10.1186/s12885-016-2862-4
https://pubmed.ncbi.nlm.nih.gov/27842510
https://doi.org/10.1159/000480419
https://pubmed.ncbi.nlm.nih.gov/28869948
https://doi.org/10.1074/jbc.M113.525493
https://pubmed.ncbi.nlm.nih.gov/24878960
https://doi.org/10.1038/nature09784
https://pubmed.ncbi.nlm.nih.gov/21248841
https://doi.org/10.1016/j.biopha.2015.07.038
https://pubmed.ncbi.nlm.nih.gov/26271144

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Tang SC, Chen YC. Novel therapeutic targets for
pancreatic cancer. World J Gastroenterol. 2014;
20:10825-44.
https://doi.org/10.3748/wig.v20.i31.10825
PMID:25152585

Jiang T, Wang Y, Zhou F, Gao G, Ren S, Zhou C.
Prognostic value of high EZH2 expression in patients
with different types of cancer: a systematic review
with meta-analysis. Oncotarget. 2016; 7:4584-97.
https://doi.org/10.18632/oncotarget.6612
PMID:26683709

Yang YA, Yu J. EZH2, an epigenetic driver of prostate
cancer. Protein Cell. 2013; 4:331-41.
https://doi.org/10.1007/s13238-013-2093-2
PMID:23636686

Colombo M, Raposo G, Théry C. Biogenesis, secretion,
and intercellular interactions of exosomes and other
extracellular vesicles. Annu Rev Cell Dev Biol. 2014;
30:255-89.
https://doi.org/10.1146/annurev-cellbio-101512-
122326 PMID:25288114

Zhang J, Li S, Li L, Li M, Guo C, Yao J, Mi S. Exosome and
exosomal microRNA: trafficking, sorting, and function.
Genomics Proteomics Bioinformatics. 2015; 13:17-24.
https://doi.org/10.1016/j.gpb.2015.02.001
PMID:25724326

Tovar-Camargo OA, Toden S, Goel A. Exosomal
microRNA biomarkers: emerging frontiers in colorectal
and other human cancers. Expert Rev Mol Diagn. 2016;
16:553-67.
https://doi.org/10.1586/14737159.2016.1156535
PMID:26892862

Joyce DP, Kerin MJ, Dwyer RM. Exosome-encapsulated
microRNAs as circulating biomarkers for breast cancer.
Int J Cancer. 2016; 139:1443-48.
https://doi.org/10.1002/ijc.30179 PMID:27170104

Zoller M. Pancreatic cancer diagnosis by free and
exosomal miRNA. World J Gastrointest Pathophysiol.
2013; 4:74-90.

https://doi.org/10.4291/wijgp.v4.i4.74 PMID:24340225

Joshi GK, Deitz-McElyea S, Liyanage T, Lawrence K, Mali
S, Sardar R, Korc M. Label-Free Nanoplasmonic-Based
Short Noncoding RNA Sensing at Attomolar
Concentrations Allows for Quantitative and Highly
Specific Assay of MicroRNA-10b in Biological Fluids and
Circulating Exosomes. ACS Nano. 2015; 9:11075-89.
https://doi.org/10.1021/acsnano.5b04527
PMID:26444644

Xu YF, Hannafon BN, Zhao YD, Postier RG, Ding WQ.
Plasma exosome miR-196a and miR-1246 are potential
indicators of localized pancreatic cancer. Oncotarget.
2017; 8:77028-40.

40.

41.

42.

43,

44,

https://doi.org/10.18632/oncotarget.20332
PMID:29100367

Chen D, Wu X, Xia M, Wu F, Ding J, Jiao Y, Zhan Q, An F.
Upregulated exosomic miR-23b-3p plays regulatory
roles in the progression of pancreatic cancer. Oncol
Rep. 2017; 38:2182-88.
https://doi.org/10.3892/0r.2017.5919

PMID:28849236

Zhao L, Liu W, Xiao J, Cao B. The role of exosomes and
“exosomal shuttle microRNA” in tumorigenesis and
drug resistance. Cancer Lett. 2015; 356:339-46.
https://doi.org/10.1016/j.canlet.2014.10.027
PMID:25449429

Thind A, Wilson C. Exosomal miRNAs as cancer
biomarkers and therapeutic targets. J Extracell
Vesicles. 2016; 5:31292.
https://doi.org/10.3402/jev.v5.31292
PMID:27440105

Wang X, Luo G, Zhang K, Cao J, Huang C, Jiang T, Liu B,
Su L, Qiu Z. Hypoxic Tumor-Derived Exosomal miR-
301a Mediates M2 Macrophage Polarization via
PTEN/PI3Ky to Promote Pancreatic Cancer Metastasis.
Cancer Res. 2018; 78:4586—4598.
https://doi.org/10.1158/0008-5472.CAN-17-3841
PMID:29880482

Kosaka N, Takeshita F, Yoshioka Y, Hagiwara K, Katsuda
T, Ono M, Ochiya T. Exosomal tumor-suppressive
microRNAs as novel cancer therapy: “exocure” is
another choice for cancer treatment. Adv Drug Deliv
Rev. 2013; 65:376-82.
https://doi.org/10.1016/j.addr.2012.07.011
PMID:22841506

WWW.aging-us.com

19676

AGING


https://doi.org/10.3748/wjg.v20.i31.10825
https://pubmed.ncbi.nlm.nih.gov/25152585
https://doi.org/10.18632/oncotarget.6612
https://pubmed.ncbi.nlm.nih.gov/26683709
https://doi.org/10.1007/s13238-013-2093-2
https://pubmed.ncbi.nlm.nih.gov/23636686
https://doi.org/10.1146/annurev-cellbio-101512-122326
https://doi.org/10.1146/annurev-cellbio-101512-122326
https://pubmed.ncbi.nlm.nih.gov/25288114
https://doi.org/10.1016/j.gpb.2015.02.001
https://pubmed.ncbi.nlm.nih.gov/25724326
https://doi.org/10.1586/14737159.2016.1156535
https://pubmed.ncbi.nlm.nih.gov/26892862
https://doi.org/10.1002/ijc.30179
https://pubmed.ncbi.nlm.nih.gov/27170104
https://doi.org/10.4291/wjgp.v4.i4.74
https://pubmed.ncbi.nlm.nih.gov/24340225
https://doi.org/10.1021/acsnano.5b04527
https://pubmed.ncbi.nlm.nih.gov/26444644
https://doi.org/10.18632/oncotarget.20332
https://pubmed.ncbi.nlm.nih.gov/29100367
https://doi.org/10.3892/or.2017.5919
https://pubmed.ncbi.nlm.nih.gov/28849236
https://doi.org/10.1016/j.canlet.2014.10.027
https://pubmed.ncbi.nlm.nih.gov/25449429
https://doi.org/10.3402/jev.v5.31292
https://pubmed.ncbi.nlm.nih.gov/27440105
https://doi.org/10.1158/0008-5472.CAN-17-3841
https://pubmed.ncbi.nlm.nih.gov/29880482
https://doi.org/10.1016/j.addr.2012.07.011
https://pubmed.ncbi.nlm.nih.gov/22841506

