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Purpose: The expression of microRNA-125b (miR-125b) is low in a variety of cancers,
including gastric, lung, bladder, thyroid, and esophageal cancers. However, its specific
mechanism in pancreatic ductal adenocarcinoma (PDAC) remains unclear. This study is
aimed to explore the role of miR-125b in PDAC.

Methods: PDAC tissues and adjacent tissues were collected for miR-125b analysis by qRT-
PCR. Different PDAC cell lines were cultured for miR-125b detection by qRT-PCR, and
CAPANT cells were selected for the downstream experiments. Cell proliferation was char-
acterized by methyl thiazolyl tetrazolium (MTT) and 5-bromo-2-deoxyUridine (BrdU) stain-
ing. Flow cytometry was utilized for apoptosis and cell cycle changes. Cell invasion was
determined by the Transwell assay and the dual-luciferase assay was utilized for validating
the target gene. Western blotting was used to detect apoptosis related and PI3K/AKT
signaling proteins.

Results: miR-125b was significantly down-regulated in human PDAC tissues and cell lines
(P < 0.05). miR-125b inhibited the growth and invasion of CAPANI1 cells, facilitated
apoptosis, and blocked the cell cycle at the GO/G1 phase. Furthermore, miR-125 directly
targeted NEDD9. The high expression of NEDD9 impaired the anti-proliferative and anti-
apoptotic activity of miR-125b. miR-125b also inhibited apoptosis-related proteins and
PI3K/AKT signaling pathways via NEDD9.

Conclusion: miR-125b decreased cell growth and invasion, and facilitated apoptosis in
CAPANT1 cells through PI3K/AKT inhibition via targeting NEDD9.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a malignant tumor disease with poor
prognosis." Due to the difficulty in initial diagnosis, high metastasis rate and drug
resistance, the incidence and mortality associated with PDAC are extremely high
and show an increasing trend.® The 5-year survival rate of PDAC is less than 5%. In
China, the incidence of pancreatic cancer is fifth among the digestive system
tumors, but the mortality rate is the second highest.*® Surgical resection is
a better treatment for pancreatic cancer, but most patients miss the optimal timing
window because they have no obvious symptoms in the early stage of the disease.’
Therefore, an in-depth study of the molecular mechanisms of pancreatic cancer may
provide new theories and strategies for improving the therapeutic effect and prog-
nosis of PDAC patients.
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MicroRNAs (miRNAs) are a class of about 20-nucleotide
long endogenous non-coding RNAs present in eukaryotes
that bind to mRNA and regulate gene expression.® A recent
study found the low expression of miR-125b in a variety of
cancers, including gastric, lung, bladder, thyroid and esopha-
geal cancers.”'" Studies also reported that miR-125b was
abnormally expressed in pancreatic cancer tissues and
plasma.'"'? Jung and co-workers found that the different
expression of miRNAs, including miR-100, miR-125b,
miR-192, and miR-429, were detected in pancreatic cancer
stem cells.'® Ottaviani et al reported that the potency of miR-
100 and miR-125b in PDAC was modulated by the TGF-3
pathway.'* However, the connection between miR-125b and
its target gene, as well as the related signaling pathway, is still
unknown.

Neural precursor cell expressed, developmentally
down-regulated 9 (NEDD?9), also known as HEF1, with
metastasis-promoting

cancers,ls*17

types of
is the predicted direct target of miR-125b.
In this study, our results showed that the expression of
miR-125b was down-regulated in CAPANI cells, whereas
its target NEDD9 was highly expressed. miR-125b inhib-
ited growth and invasion and facilitated apoptosis in
CAPANI cells. NEDD?9 reversed the action of miR-125b.

activity in  several

Materials and Methods
Tissue Specimen Collection

Ten pairs of pancreatic cancer tissues and the correspond-
ing adjacent tissues were collected. The adjacent tissues
were >3 cm away from the focal point. The samples were
obtained from pancreaticoduodenectomies conducted in
the Department of Gastrointestinal Surgery at Affiliated
Hospital of Jiangnan University, from November 2015 to
June 2016. All specimens were stored in liquid nitrogen
immediately after isolation. The study was approved by
the Ethics Committee of Jiangnan University, and all sub-

jects signed informed consent.

Cell Culture

The human pancreatic non-tumor cell line HPDE6 and
human PDAC cell lines CAPAN1, SW1990, BXPC-3,
and PANC-1
Library of Chinese Academy of Sciences) were used in

(purchased from Shanghai University
this study. The cells were cultured in 10% fetal bovine
serum (Sigma, St. Louis, MO, USA) in complete medium
DMEM (Gibco, Gaithersburg, MD, USA) (containing

100U/mL penicillin and 100pg/mL streptomycin) at 37 ©
C and 5% CO; in saturated humidity conditions.

RNA lIsolation and qRT-PCR
Total RNAs were isolated using the TRIzol® Plus RNA
Purification Kit (Invitrogen, Carlsbad, CA, USA) based
on the manufacturer’s protocol. Total RNA was used to
synthesize cDNA by reverse transcription using the
SuperScript III First-Strand Synthesis Kit (Invitrogen,
Carlsbad, CA, USA). Power SYBR Green PCR Master
Mix (Applied Biosystems) was used for the real-time
PCR Applied

StepOnePlus™. Relative fold changes were calculated
27AACt

analysis using an Biosystems

using the method and standard curves were pro-
duced. B-actin was used as an internal normalization
control.

To evaluate the miR-125b levels, TagMan MicroRNA
assays (Applied Biosystems) were utilized based on the
manufacturer’s protocols. Small nuclear RNA U6 (Applied
Biosystems) was as an endogenous control for the miRNA.
The sequences of primers used were: BAX Forward: 5'-
GGGTTGTCGCCCTTTTCTAC-3" and reverse: 5'-CTGG
AGACAGGGACATCAGT-3"; Caspase3 Forward: 5'-
TGCTATTGTGAGGCGGTTGTAG-3' and reverse: 5'-G
GCACACCCACCGAAAAC-3'; PI3K Forward: 5'-GTGT
TTCATTGTCTAGTCCAACCTG-3' and reverse: 5-GCAC
TTGTAGGAATATGAAGCCTG-3'; AKT Forward: 5'-GG
GTCAAAGAAGTCAAAGGGG-3' and reverse: 5'-CACGT
CGCTCATGGTGCC-3"; NEDD9 Forward: 5-GAGCTGG
ATGGATGACTACGA-3" and reverse: 5'-AGCTCTTTC
TGTTGCCTCTCA-3'; U6 Forward: 5'-CTCGCTTCGGCA
GCACA-3' and reverse: 5'-AACGCTTCACGAATTTGCG
T-3'; has-miR 125b Forward: 5'-GCAGTCCCTGAGACCCT
-3"and reverse: 5'-CCAGTTTTTTTTTTTTTTTCACAAGT
-3'; B-actin Forward: 5'-GATGAGATTGGCATGGCTTT-3'
and reverse: 5'- GTCACCTTCACCGTTCCAGT-3".

Cell Transfection

PDAC cells were plated in the logarithmic growth phase. After
the cell density reached 80% fusion, miR-125b mimics, miR-
125b inhibitor, and their respective negative controls (miR-NC
and siR-NC), purchased from GenePharma (Shanghai, China)
were transferred into the well for 48 h according to
Lipofectamine 2000 instructions. The NEDD9 expression
plasmid and control vector pcDNA3.1 were obtained from
GenePharma for the transfections and used according to the
manufacturer’s instructions.
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MTT Assays

The cells were reseeded into 96-well plates at a density of 8
x 10*/well with different transfection plasmids. After 24, 36
and 48 hrs of incubation, respectively, 20uL of 5 mg/mL MTT
was pipetted onto the plate. The cells were cultured at 37 °C
for another 4 hrs. Then, the medium was removed and 150uL
of DMSO was added for 15 mins with shaking. The OD value
was measured at 570 nm with a microplate reader. Three
independent experiments were performed (three times each).

Bromodeoxyuridine Incorporation Assay
The bromodeoxyuridine (BrdU) incorporation assay was
also utilized to evaluate cell proliferation. BrdU (Thermo
Fisher Scientific, Waltham, MA, USA) was added at
a concentration of 10uM for 48 hrs and then was diluted
with colchicine (Sigma-Aldrich) to 0.1puM. The assays
were conducted as previously described. The number of
BrdU-positive cells and blue-stained nuclei were counted
in five random fields under fluorescence microscopy.

Apoptosis and Cell Cycle Assay

Cells (2 x 10°) were transfected for 48 hrs and maintained
in 6-well plate. Then the cells were washed with phos-
phate-buffered saline (PBS), fixed overnight with 70%
cold ethanol, and stained with propidium iodide (PI).
Finally, FACS Verse flow cytometry (BD, San Jose, CA,
USA) was employed for the cell cycle analysis. The cells
were stained with annexin V-FITC and PI for cell apopto-
sis analysis according to the manufacturer’s instructions.
The apoptotic rates were measured. All the assays were
carried out independently triplets.

>
o

** p=0.0011

-
o
1

e

(3,
1
|

Relative expression of
miR125b

T L]
PDAC tissues para-carcinoma tissues

Figure | Low expression of miR-125b in PDAC tissues and PDAC cell lines.

Cell Invasion Analysis

CAPANI cells were transfected for 48 h, trypsinized and
plated for the invasion assays. CAPANI cells (2 x 10%)
were incubated in the upper chamber in medium without
serum in the Matrigel Invasion Chambers (8 microns) of
24-well plates (BD Bioscience, Franklin Lakes, NJ, USA).
After 24 h of incubation, the cells on the other side of
upper chambers were stained using 0.1% crystal violet for
30 min at 37°C. The number of invading cells was counted
in five random visual fields under a microscope.

Western Blot Analysis

Forty-eight hours after transfection, the CAPANI1 cells were
lysed in RIPA buffer (Thermo Fisher Science, Waltham, MA,
USA) and the cellular protein concentrations were deter-
mined with BCA kit (Beyotime, Nanjing, China). The pro-
teins resolved on an SDS denatured polyacrylamide gel were
transferred onto a nitrocellulose membrane (Millipore,
Burlington, MA, USA). The membranes were incubated
with diluted primary antibodies (anti-Bax, caspase 3, PI3K,
AKT, NEDD?9 and B-actin, Abcam, USA) overnight at 4°C.
The membranes were washed and incubated with goat anti-
mouse secondary antibodies (1:10,000) and visualized using
an ECL kit (Millipore).

Luciferase Activity Assay

Wild-type (WT) or mutant (MUT) NEDD9-bound miR-
125b was inserted into a pmirloGLO dual luciferase small
RNA targeting expression vector (Promega, Madison, WI,
USA) to form a reporter vector (NEDD9/WT or NEDD9Y/
MUT). The cells were then transfected with NEDD9/WT
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Notes: (A) miR-125b expression in paired PDAC tissues and adjacent tissues; (B) miR-125b expression in PDAC cell lines by qRT-PCR analysis. *p< 0.01, **p< 0.001 vs

the respective controls.
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or NEDD9/MUT and/or miR-125b mimics or miR-NC for
48 hrs. The dual luciferase reporter assay system provided
by Promega (Madison, WI, USA) was utilized to deter-
mine the luciferase activity.

Statistical Analysis

GraphpadPrism7.0 (GraphPad Software, USA) was
applied to analyze the experimental data. All values are
presented as the mean + SD for at least triplicate determi-
nations. Differences between two groups were analyzed
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Figure 2 MiR-125b inhibits CAPANI cell proliferation.

with t-tests, whereas the statistical significance of differ-
ences between multiple groups was compared with
ANOVA. P<0.05 was considered a significant difference.

Results
miR-125b Is Low-Expressed in PDAC

Tissues and Cell Lines

The expression level of miR-125b in pancreatic cancer
tissues and adjacent tissues was firstly examined by qRT-
PCR. Figure 1A showed that the expression of miR-125b

B
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Notes: (A) miR-125b levels in CAPANI cells with different plasmids; (B) proliferation rates of CAPANI cells determined by MTT transfected with different plasmids; (C)
BrdU incorporation assay for cell proliferation. The values are presented as mean * SD (n = 3), ¥p<0.05, **p< 0.01 vs the respective controls.
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in PDAC tissues is significantly lower than that in the
adjacent tissues. The expression of miR-125b was also
determined in several PDAC cell lines (CAPANI,
SW1990, BXPC-3 and PANC-1), as well as in HPDE6
human normal pancreatic ductal epithelial cell line. The
results in Figure 1B revealed that the low expression of
miR-125b in PDAC cell lines compared to normal cells,
indicating that miR-125b may play a role in the develop-
ment and progression of PDAC. Because CAPANI cells
showed the highest expression of miR-125b of the four
PDAC cell lines, they were selected for subsequent
experiments.

miR-125b Inhibits the Proliferation of

CAPANI Cells

In order to explore the function of miR-125b in CAPAN1
cells, the cells were transfected with different plasmids,
divided into four groups: siR-NC, miR-125b inhibitor,
miR-NC and miR-125b mimics according to the different
treatments. The results of the qRT-PCR assay exhibited
that the miR-125b level in the miR-125b mimics group in
the CAPANI cells was higher than that of the miR-NC
group, whereas that of the miR-125b inhibitor group was
lower than that of the siR-NC group (Figure 2A).

For the proliferation activity, the results of the CAPANI1
cell growth curve obtained from the MTT assay were
plotted. Transfection of CAPANI cells with miR-125b inhi-
bitor increased the OD value compared to the siR-NC group.
Conversely, transfection of miR-125b mimics reduced the
rate of proliferation compared to the miR-NC group.
Statistical analysis suggested a significant difference in the
proliferative capacity between the miR-125b mimics group
and the miR-125b inhibitor group (Figure 2B).

The results in Figure 2C show that the proliferation of
cells in the miR-125b inhibitor group was enhanced com-
pared with the siR-NC group, whereas the cell prolifera-
tion ability was significantly attenuated after transfection
with miR-125b mimics. Thus, higher expression of miR-
125b inhibited CAPANI1 cell proliferation.

miR-125b Induces Apoptosis, Regulates
Cell Cycle and Inhibits Invasion in
CAPANI Cells

Followed with proliferation activity, the effect of miR-
125b on apoptosis, cell cycle and invasion were investi-
gated. After 48 hrs of transfection, the cells were collected
and analyzed by flow cytometry. The number of apoptotic

cells in the miR-125b inhibitor group was less than that in
the siR-NC group, whereas it was significantly increased
in the miR-125b mimics group (Figure 3A), suggesting
that miR-125b promoted PDAC cell apoptosis.

To further investigate the growth inhibition observed
following miR-125b expression, we compared the cell-
cycle profiles of cells with different transfections by flow
cytometry. The results in Figure 3B demonstrated that trans-
fection with miR-125b led to an increasement in the number
of cells in the GO/G1 phase.

The effect of miR-125b on the invasiveness of the
CAPANI cells was also assessed with Transwell assays.
Increased miR-125b significantly reduced the invasion poten-
tial of CAPANI cells, whereas low expression of miR-125b
showed the opposite effect. These findings demonstrated that
miR-125b suppressed CAPANI1 cells invasion (Figure 3C).

miR-125b inhibitor

A _ siR-NC

Apoptosis ratio %

B  siRNC  miR-125b inhibitor

= SiR-NC
100 miR-125b inhibitor
= miR-NC
miR-125b mimics

Percentage of cells(%)

C _ siRNC  miR-125b inhibitor

40

S

Figure 3 MiR-125b promotes apoptosis, regulates cell cycle and inhibits invasion in
CAPANI cells.

Notes: (A) Apoptosis of cells with different plasmids by flow cytometry; (B) flow
cytometric analysis of cell cycles; (C) representative images of cell invasion across
the membrane. The mean values = SD (n = 3) are shown. *p<0.05, **p<0.0l,
*###p<0.001 vs the respective control.
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miR-125b Regulates Apoptosis-Related
Proteins and PI3K/AKT Signaling Pathways
in CAPANI Cells

Crucial proteins related to apoptosis and signaling pathways
were validated by qRT-PCR and Western blots. The mRNA
results in Figure 4A showed that the up-regulation of apop-
tosis-promoting genes (BAX and caspase 3) and the down-
regulation of PI3K and AKT mRNAs in the miR-125b
mimics group compared with the miR-NC group, whereas
the opposite results were seen in the miR-125b inhibitor
group. At protein level, A similar trend was seen at the
protein level (Figure 4B). These results suggest that miR-
125b played an anti-apoptotic role in CAPANI cells via
regulating PI3K/AKT signaling pathway.

miR-125b Directly Targets NEDD9

To investigate the in-depth mechanisms underlying miR-
125b-mediated proliferation, apoptosis, cell cycle and inva-
sion regulation, PicTar, Targetscan, miRWalk and the
miRGen Target program were employed for predicting the
target genes. The most promising candidate was NEDD9,
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which was predicted by most of the applied analysis. The
binding site for miR-125b is present in the 3'UTR of the
NEDD?9 transcript, and it was demonstrated by the luciferase
reporter assay in CAPANTI cells (Figure 5A). The luciferase
results in Figure 5B revealed that miR-125b significantly
reduced the luciferase activity in the WT NEDD9 (p <
0.05), whereas there was no change in the MUT-type. After
the different transfections, the mRNA and protein levels of
NEDD9Y were determined. In the miR-125 inhibitor group,
NEDD9 mRNA and protein levels were significantly up-
regulated. However, the miR-125 mimics group showed
a decrease change (Figure 5C and D).

miR-125b Affects Proliferation, Invasion,
Apoptosis-Related Proteins, and PI3K/AKT
Signaling Pathways in CAPAN Cells via
NEDD9

To verify whether miR-125b acts on CAPANI cells by
targeting NEDD9, the cells were transfected and divided
into three groups (miR-NC, miR-125b mimic and miR-
125b mimicstpcDNA3.1-NEDD9). In the miR-125b mimics
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Figure 4 MiR-125b regulates apoptosis-related proteins and PI3K/AKT signaling pathways in CAPANI cells.
Notes: (A) The mRNA levels of BAX, caspase 3, PI3K and AKT; (B) the protein levels of BAX, caspase 3, cleaved caspase 3, PI3K and AKT. The mean values + SD (n = 3)

are shown. ¥p<0.05, *p<0.01, ***p<0.001 vs the respective control.
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Figure 5 NEDD? is a binding target of miR-125b.

Notes: (A) Binding region between miR-125b and NEDD9 and the luciferase reporter constructs containing the NEDD9/WT or NEDD9/MUT sequence. (B) Relative
luciferase activity of miR-125b co-transfected into CAPANI cells. (C) Relative mRNA expression of NEDD9 in CAPAN| cells with different transfections. (D) Western blot
analysis and band intensity analysis of NEDD9 in CAPANI cells with different transfections. Data presented as mean * SD of three independent experiments. *p<0.05,

*#p<0.01 vs the respective control.

group, NEDD9 was significantly reduced both at the mRNA
and protein levels, whereas pcDNA3.1-NEDD9 reversed
the reduction (Figure 6A and B). Based on the MTT and
BrdU assays, pcDNA3.1-NEDD?9 significantly impaired the
anti-proliferation potency of miR-125b mimics (Figure 6C
and D). The transwell results indicated that the invasive
ability of CAPANI cells in the miR-125b mimics group
was restored due to overexpression of NEDD9 by
pcDNA3.1-NEDD9 (Figure 6E).

Whether the apoptosis-related proteins and PI3K/AKT
signaling pathway were altered by pcDNA3.1-NEDD9
were evaluated by qRT-PCR and Western blots. The
mRNA level results in Figure 7A showed that the apopto-
sis promoting-genes (BAX and caspase 3) were signifi-
cantly downregulated and PI3K and AKT mRNAs were
significantly up-regulated after co-transfection with
pcDNA3.1-NEDD9 compared to the miR-125b mimics.
Figure 7B exhibited a similar trend at the protein level.
These results suggest that miR-125b played an anti-
apoptotic role via targeting NEDD9.

Discussion

PDAC is one of the major causes of cancer-related deaths,
so finding new molecular targets for its diagnosis, prog-
nosis, and treatment may improve the clinical strategy and
outcomes of the disease.'® Numerous studies have shown
that miRNA expression was changed in pancreatic cancer,
suggesting that miRNA dysregulation may exert functions
in the development of pancreatic cancer.'” miRNAs have
been shown to be abnormal in a variety of malignant
tumors, and their expression levels have been associated
with the diagnosis and prognosis of diverse types of
cancers.

In this study, we transfected CAPANI cells with miR-
125b mimics and inhibitor to explore the effects of over-
expression and knockdown of miR-125b on proliferation
and apoptosis. The MTT assay indicated that the prolifera-
tive capacity of the miR-125b mimics group was remark-
ably inhibited compared with the miR-NC group, whereas
that of the miR-125b inhibitor group was remarkably
higher. Similarly, the BrdU experiment revealed that after
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Figure 6 NEDD? reverses the effect of miR-125b on proliferation and invasion of CAPANI cells.

Notes: (A) Relative mRNA expression of NEDD9 in CAPANI cells with different transfections; (B) Western blot analysis and band intensity analysis of NEDD9 in
CAPANI cells with different transfections; (C) proliferation of CAPANI cells determined by MTT after different transfections; (D) BrdU incorporation assay for cell
proliferation; (E) representative images of cell invasion across the membrane. Data presented as mean * SD (n = 3), *p<0.01 vs the miR-125b mimics group.

miR-125b overexpression, nuclear DNA replication activ-
ity was significantly reduced, whereas knockdown of miR-
125b levels led to a significant increase in nuclear DNA
replication activity. Flow cytometry revealed that overex-
pressed miR-125b had an anti-apoptotic effect on pancrea-
tic cancer cells, whereas the inhibition of miR-125b
the of
CAPANT cells. A series of biochemical switches trigger

expression promoted pro-apoptotic  ability
cell cycle progression, and there are three major cell cycle
regulatory checkpoint transitions throughout the cell cycle
events:>* 2% The starting points are the G1/S checkpoint,

and the G2/M checkpoint. Cell cycle experiments showed

that increasing the expression of miR-125b decreased the
number of cells in the S and G2 phases, and increased the
percentage of cells in the GO/G1 phase. Moreover, when
the expression level of miR-125b increased, the cell inva-
sive ability is correspondingly lowered. In addition, the
recovery of miR-125b in CAPANI cells significantly regu-
lated the apoptosis-related and PI3K/AKT signaling path-
way proteins.

NEDD9Y, which is also a non-catalytic scaffold protein
and a member of the Crk-related substrate (CAS) family, was
originally identified by its expression pattern of developmen-

tal regulation in the brains of early embryonic mice.>***
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Figure 7 NEDD? reverses the effect of miR-125b on apoptosis-related proteins and PI3K/AKT signaling pathways in CAPANI cells.
Notes: (A) The mRNA levels of BAX, caspase 3, PI3K and AKT; (B) the protein levels of BAX, caspase 3, cleaved caspase 3, PI3K and AKT. The mean values + SD (n = 3)

are shown. *p<0.05, **p<0.01 vs the miR-125b mimic group.

NEDD?9 has been implicated in the invasion ability of several
tumors and has been speculated to be a candidate biomarker
of invasiveness for lung cancer, breast cancer, melanoma,
colon cancer and pancreatic cancer.'’*>*® The function of
NEDDO related to cancer metastasis has focused on the FAK,
Src and Akt signaling pathways.?’ The interactions of
NEDDY with FAK and Src led to the tyrosine phosphoryla-
tion of NEDD? to create binding sites for effector proteins to
facilitate cell migration.”® NEDD9 also promoted pancreatic
cancer progression via interacting with miR-145 or activating
Akt and ERK signaling.>*° The current study demonstrated
that miR-125b levels were down-regulated in human pan-
creatic cancer tissues, whereas NEDD9 expression was up-
regulated. When miR-125b was overexpressed, the NEDD9
levels in CAPANT1 cells decreased. The simultaneous effect
on cell proliferation and invasion suggested that miR-125b
may be associated with the control of NEDD9 in PDAC.
Also, the levels of NEDD9 and miR-125b are negatively

correlated in pancreatic cancer. The Iluciferase activity
assay” ! further supports this hypothesis, where the data
proves that miR-125b was capable of directly targeting pre-
dicted region of NEDD9. NEDD9 was also shown to impair
the function of miR-125b.

The results of our study indicate that further studies are
crucial for understanding and describing the various roles of
miR-125b in the aggressiveness of pancreatic cancer cells or
patients or the tumor-suppression of miR-125b in vivo.

Taken together, these data demonstrated that miR-125b
played a role in PDAC by targeting NEDD?9.

Conclusion
Our research demonstrated that miR-125b was down-
regulated in PDAC, and that miR-125b recovery inhibited
PDAC cell proliferation, invasion and apoptosis by
directly binding post-transcriptional levels to negatively
regulate NEDD?9.
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