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Abstract: The aim of this study was to evaluate the effects of miR-1180 on pancreatic cancer. We sampled adjacent
cancer and carcinoma tissues from 30 pancreatic cancer patients and measured miR-1180 expression by qRT-PCR
and NF-kB protein expression by immunohistochemistry. To explore the effects of this miRNA in cell culture, we
used pancreatic cancer (PANC-1) cells that received only vehicle (negative control, NC), miR-1180 mimic, or miR-
1180-inhibitor. Cells were treated with cisplatin to induce apoptosis. Proliferation, apoptosis, cell cycle progression,
cell invasion, and cell migration were assessed in the three cell groups. The expression levels of relevant proteins
(TNIP2, NF-kB, MMP-2, MMP-9, Bax, Bcl-2, p21, and cyclin D1) in each cell group were determined by western
blotting. Compared with healthy tissue adjacent to carcinoma tissues, miR-1180 expression in cancer tissues was
significantly enhanced (P<0.05). NF-kB protein had a similar expression pattern to miR-1180; miR-1180 expression
was positively correlated with NF-kB expression. The invasion and wound healing abilities of miR-1180-inhibited
cells were significantly reduced compared with the NC or miR-1180-expressing cells (P<0.05). The cell proliferation
rate of miR-1180-inihibited cells was also significantly lower than that of NC or miR-1180-expressing cells (P<0.05),
while the cell apoptosis and G1 phase rates of miR-1180-inihibited cells were significantly higher than the NC or
miR-1180-expressing cells (P<0.05). In conclusion, suppressing miR-1180 expression may exert anti-cancer effects
on pancreatic cancer cells via regulation of TNIP 2/NF-kB signaling and the downstream MMP-2/-9, Bax, Bcl-2, p21,
and cyclin D1 factors.
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Introduction of these genes. Furthermore, NF-kB is involved

in the pathogenesis of various diseases, not

Since early diagnosis of pancreatic cancer is
rare, the rate of radical surgeries is low, the
prognosis is poor, and the mortality is high [1,
2]. A better understanding of the mechanisms
underlying pancreatic cancer will ultimately
improve clinical diagnosis and advance treat-
ment options. Human microRNAs (miRNAs) are
non-coding RNAs of approximately 22 nucleo-
tides that interact with target genes to regulate
gene expression. miRNAs play important roles
in proliferation, apoptosis, and metastasis of
tumor cells [3, 4].

NF-kB is transcription factor expressed in many
cell types in vivo. NF-kB can bind to nucleotide
sequences in many gene promoters and acti-
vate gene transcription and promoter activities

only by affecting cell proliferation, apoptosis,
growth, differentiation, cell cycle progression,
and immune responses, but also by affecting
tumor invasion and metastasis [5-7]. Studies of
NF-kB in pancreatic cancer, however, have been
limited. In this study, we investigated the role of
miR-1180 in the inhibition of pancreatic cancer
cell activity via the NF-kB signaling pathway.

Materials and methods
Tissue specimens

Fresh pancreatic cancer tissues and normal
pancreas tissues were collected from 30 pan-
creatic cancer patients, who were diagnosed by
histopathology. All samples were frozen in liquid
nitrogen and stored at -80°C until analysis.
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Quantitative reverse transcription polymerase
chain reaction (QRT-PCR)

Total RNA was extracted from cells using TRIzol
reagent (Invitrogen) according to the manufac-
turer’s protocol. Using SYBR Green | (Invitrogen)
dye according to manufacturer’s instructions,
gRT-PCR was performed and analyzed using a
7500 Fast Real-Time Sequence detection sys-
tem and software (Applied Biosystems). The
gRT-PCR reactions for miRNAs were performed
as follows: 95°C for 3 min, followed by 40
cycles (each 30 s) at 95°C, 58°C, and 72°C.
miR-1180 expression levels were normalized to
the expression levels of U6 small nuclear RNA
(snRNA). The gRT-PCR conditions for genes
were set at 95°C for 10 min, followed by 40
cycles at 95°C for 20 s, 60°C for 30 s, and
72°C for 1 min.

Immunohistochemistry (IHC)

All specimens were fixed with 10% formalde-
hyde solution and embedded in paraffin. Sam-
ples were then sectioned to a thickness of 4
um. IHC was performed on the samples to
detect the expression of NF-kB in pancreatic
cancer and adjacent normal tissues using the
streptavidin-peroxidase method.

Cell culture and transfection

Human pancreatic cancer (PANC-1) cells were
purchased from the American Type Culture
Collection (ATCC, USA). Cells were divided into
three groups for treatment: NC (negative con-
trol), miR-1180 mimic (MiR-1180), and miR-
1180 inhibitor (miR-1180-in). The miR-1180
mimic, miR-1180 inhibitor, and negative control
were purchased from Kingsy Biotechnology Co.,
Ltd. Cells were grown in RPMI-1640 (Invitrogen)
supplemented with 10% fetal bovine serum
(Invitrogen) as recommended. We used Lipo-
fectamine 2000 reagent (Invitrogen) to trans-
fect oligonucleotides according to the manufac-
turer’s protocol. Cells were treated with cispla-
tin (0.4 yg/ml dissolved in PBS, Sigma) for 24 h
as an apoptosis inducer.

Cell proliferation assay

Cell proliferation was assessed using an MTS
(3-[4, 5-dimethylthiazol-2-yl]-5-[3-carboxymet-
hoxyphenyl]-2-[4-sulfophenyl]-2H-tetrazolium,
inner salt) assay. Cells (3000) were plated in
wells of a 96-well plate and MTS was added.
Cells were incubated at 37°C for 4 h. Optical
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density was measured at 490 nm using a
microplate reader (BioTek Instruments Inc.) to
compare the treatment groups. Each group was
repeated three times.

Flow cytometric analysis

Cells were counted in logarithmic growth phase
and seeded in 6 plates. Cells were collected
and washed twice with ice-cold PBS. A 70%
ethanol solution was then added to fix the cells
with an overnight incubation at 4°C. Cells were
washed with 500 yL PBS and 10 yL RNase (10
g/L) at 37°C for 30 min. Cells were stained with
10 pL propidium iodide (PI, 1 g/L). Cell apopto-
sis and cell cycle progression were analyzed by
flow cytometry.

Transwell cell invasion assay

Diluted extracellular matrix (ECM) glue (100 uL)
was added to the Transwell chamber and incu-
bated at 37°C for 60 min to ensure complete
polymerization. Then, 600 uL RPMI-1640 medi-
um containing 10% fetal bovine serum was
added to the lower chamber and incubated for
60 min. Logarithmic PANC-1 cells were digest-
ed with 0.25% pancreatin and plated in the
upper chambers at a density of 5x10° cells/
well in 100 pL of cell suspension. After 48 h,
the Transwell chamber was removed and a cot-
ton swab was used to wipe the polycarbonate
membrane ECM glue. The upper and lower
chambers were rinsed with D-Hanks’ surface
liquid rinse, cooled, and dried. Cells were
stained with 0.1% crystal violet for 10 min.
After removal of the excess crystal violet dye,
plates were observed under a light microscope.
Five fields (100x magnification) of each mem-
brane were randomly selected for analysis. The
number of cells on the surface of the polycar-
bonate membrane was counted. The invasion
ability of the cells was expressed as the inva-
sion cell number. The experiment was repeated
three times.

Wound healing analysis

After transfection for 36 h, suspended cells
were seeded in 6-well plates at a concentration
of 5x10%/well. The next day, a 20-UL gun head
was used to plate vertical lines on the bottom
of wells. Cells were then washed with PBS and
incubated in serum-free medium. Photographs
were obtained at 48 h to compare the migra-
tion ability of the three groups of cells.
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Figure 1. Clinical relevance analysis. A. The NF-kB protein expression in pancreatic cancer tissue by IHC
(x200). B. The NF-kB protein expression in carcinoma adjacent tissue by IHC (x200). C. The miR-1180
gene expression in cancer and carcinoma adjacent tissues (Fold). ***: P<0.05, compared with NC
group. D. The correlation between miR-1180 gene expression and NF-«kB protein expression.

Western blotting

The cells were centrifuged and total protein
was extracted. Proteins were separated on a
15% acrylamide gel by electrophoresis and
then transferred to a polyvinylidene fluoride
(PVDF) membrane. Membranes were blocked
in 5% skim milk for 1 h and then incubated with
rabbit anti-human TNIP2, matrix metallopro-
teinase (MMP)-2, NF-kB, MMP-9, Bax, Bcl-2,
cyclin D1, or p21 polyclonal antibodies (Ab-
cam, 1:500) overnight at 4°C. After washing,
membranes were incubated with horseradish
peroxidase-conjugated goat anti-rabbit anti-
body (Abcam, 1:2000) at room temperature for
2 h. After washing, electrochemiluminescence
(ECL) substrate was added, and images were
assessed on x-ray film for data analysis and
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gray value detection. GAPDH was used as the
internal reference.

Statistical analyses

All data were analyzed using SPSS 19.0 statis-
tics software (IBM). Cell counts are express-
ed as the mean * standard deviation (SD).
Student’s t-tests were used to compare two
groups. P<0.05 indicated a statistically signifi-
cant difference.

Results

NF-kB and miR-1180 expression in pancreatic
cancer tissue

IHC assays indicated that expression of NF-kB
protein was significantly upregulated in pancre-
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atic cancer tissue (Figure 1A) compared with
the tissue adjacent to the carcinoma (Figure
1B). In addition, qRT-PCR assays demonstrated
that miR-1180 expression was significantly
increased in pancreatic cancer tissues (n=30)
compared with the tissue adjacent to the carci-
noma (P<0.05, Figure 1C). Next, we analyzed
the relationship between NF-kB and miR-1180
in these samples and found that expression of
NF-kB was positively correlated with miR-1180
expression (r=0.848, Figure 1D).
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Figure 2. The cell proliferation of difference
groups. A. The cell proliferation of NC group
(x100). B. The cell proliferation of miR-1180
group (x100). C. The cell proliferation of miR-
1180-in group (x100). D. Analysis the cell prolif-
eration of difference groups. #: P<0.05, com-
pared with NC group. *: P<0.05, compared with
miR-1180 group.

Figure 3. The invasion cell of difference groups.
A. The invasion cell of NC group (x100). B. The
invasion cell of miR-1180 group (x100). C. The
invasion cell of miR-1180-in group (x100). D. The
invasion cell number in difference groups. #:
P<0.05, compared with NC group. *: P<0.05,
compared with miR-1180 group.

miR-1180 expression affects cell proliferation

Among the PANC-1 cells treated with NC, miR-
1180 mimic, and miR-1180-in, differences in
cell proliferation were noted. Cell proliferation
of the miR-1180 cells was significantly incre-
ased compared to the NC cells (P<0.05). How-
ever, the cell proliferation rate of miR-1180-in
cells was significantly decreased compared to
that of the NC cells (P<0.05) and the miR-1180
cells (P<0.05, Figure 2).
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miR-1180 expression affects the invasion abil-
ity of PANC-1 cells

The invasion ability of PANC-1 cells treated with
the miR-1180 mimic was significantly higher
than that of the NC cells (P<0.05). However, the
invasion ability of PANC-1 cells treated with
miR-1180-in was decreased compared to the
NC and miR-1180 cells (P<0.05, Figure 3).

miR-1180 expression impacts the migration
ability of PANC-1 cells

Compared with the NC cells, the wound healing
rates of PANC-1 cells treated with the miR-
1180 mimic or miR-1180-in were significantly
different (P<0.05). The wound healing ability of
miR-1180-in cells was significantly lower than
that of the miR-1180 cells (P<0.05, Figure 4).

miR-1180 expression affects cell apoptosis

Compared with the NC cells and the cells treat-
ed with the miR-1180 mimic, apoptosis of the
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Figure 4. The wound healing testing of dif-
ference groups. A. The wound healing test-
ing of difference groups at O h (x100). B.
The wound healing testing of difference
groups at 48 h (x100). C. The wound healing
testing of difference groups (%). #: P<0.05,
compared with NC group. *: P<0.05, com-
pared with miR-1180 group.

miR-1180-in cells was significantly increased
(P<0.05). The apoptosis rate of miR-1180 cells
was significantly reduced due to the miR-1180
overexpression (P<0.05, Figure 5).

miR-1180 expression affects cell cycle pro-
gression

Compared with the NC cells, the number of
cells in the G1 phase of the miR-1180 group
was significantly lower (P<0.05). However, the
number of miR-1180-in cells in the G1 phase
was significantly higher than that of the NC or
miR-1180 cells (P<0.05, Figure 6).

Comparison of relative protein expression in
the different cell groups

The protein expression of NF-kB, MMP-2, MMP-
9, Bcl-2, and cyclin D1 was significantly down-
regulated and the expression of TNIP2, Bakx,
and p21 proteins were significantly upregulated
in cells treated with miR-1180-in compared
with expression levels in the NC cells or the
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cells treated with the miR-1180 mimic (P<0.05,
Figure 7). Furthermore, these relative protein
expression trends were different in the miR-
1180 group compared with those of miR-1180
group. The relative expression of these proteins
in the miR-1180 cells was significantly different
compared with that in the NC cells (P<0.05,
Figure 7).

Discussion

Previous studies showed that miR-1180 expres-
sion is significantly upregulated in cancer tis-
sues and cell lines [8-10]; however, the expres-
sion of this miRNA has not been described in
pancreatic cancer. Here, we demonstrated that
miR-1180 and NF-kB expression were signifi-
cantly increased in pancreatic cancer tissues
and uncovered a positive correlation between
their expression (r=0.848).

Inhibition of miR-1180 increased cisplatin-
induced PANC apoptosis

Previously, miR-1180 was found to directly tar-

get TNIP 2 [8]. In the present study, we found
that TNIP2 protein expression was significantly
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Figure 5. The cell apoptosis of difference
groups. #: P<0.05, compared with NC
group. *: P<0.05, compared with miR-
1180 group.

downregulated in cells treated with miR-1180-
in. TNIP2 functions as a NF-kB signaling inhibi-
tor. We found that the NF-kB pathway was stim-
ulated by miR-1180 overexpression. Thus, this
pathway is important in suppression of cell acti-
vation (cell proliferation, invasion, and migra-
tion) via regulation of NF-kB and its downstream
signaling pathway in PANC-1 cells.

MMP-2 and MMP-9 are two important factors in
NF-kB downstream signaling [11-13]. The inva-
sion of tumors is regulated by these MMPs,
which are zinc ion-dependent endonucleases
that regulate the biological behavior of cells.
The MMP family is comprised of 20 different
enzymes that are classified as different sub-
types according to their substrate specificities
and sequence characteristics [14]. MMP-2 and
MMP-9 can degrade the main component of
type IV collagen in the basement membrane
and ECM [15]. MMP-2 and MMP-9 are closely
related to tumor invasion and metastasis [16,
17]. Indeed, Farina et al. [18] reported that the
expression of MMP-9 is regulated by NF-kB at
the transcriptional level. Bond et al. [19] found
that activation of NF-kB is essential for the
upregulation of MMP-9 expression. Philip et al.

Am J Transl Res 2017;9(6):2798-2806
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Figure 6. The cell cycle of difference groups. #: P<0.05, compared with G1 phase of NC group. *:
P<0.05, compared with G1 phase of miR-1180 group.

[20] reported an increase in MMP-2 activity in
the mouse melanoma cell line B16F10 and a
concomitant activation of NF-kB. We found that
inhibition of MiR-1180 can effectively reduce
the invasion and migration of PANC-1 cells. The
mechanism underlying this effect may be relat-
ed to inhibition of the activities of NF-kB, MMP-
2, and MMP-9.

Bcl-2, Bax, p21, and cyclin D1 are additional
players in the NF-kB signaling pathway [21-23].
Bcl-2 abrogates apoptosis induced by free
oxygen radicals, inhibits the transmembrane
transport of Ca2+, and inhibits cell apoptosis
induced by Ca2+ [24-26]. Cyclin D1 is a key
positive regulator of the G1/S phase, as this
protein forms a complex with CDK4 to promote
cell proliferation. In vitro studies showed that
downregulation of cyclin D1 expression effec-
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tively inhibits the development of tumors [27,
28]. In addition, p21 is an inhibitor of a wide
range of cyclin-dependent kinases (CDKs) [29,
30] and combinations of the corresponding
cyclins/CDKs. Thus, CDK inactivation by over-
expression of p21 halts the progression of cells
in the G1 phase, leading to cell apoptosis. The
results of this study confirmed that miR-1180
effectively inhibits the increase of the apopto-
sis factor Bax and p21 expression and inhibits
the expression of Bcl-2 and the cancer-promot-
ing factor cyclin D1, stranding many PANC-1
cells in G1 phase, thus resulting in increased
apoptosis.

In conclusion, our findings suggest that sup-
pressing miR-1180 expression may exert anti-
cancer effects on pancreatic cancer cells via
regulation of the TNIP2/NF-kB signaling path-

Am J Transl Res 2017;9(6):2798-2806
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Figure 7. The relative proteins of difference groups. #: P<0.05, compared with NC group. *: P<0.05,

compared with miR-1180 group.

way and its downstream proteins, including
MMP-2, MMP-9, Bax, Bcl-2, p21, and cyclin D1.
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