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IncRNA DGCR 5/miR-27a-3p/BNIP3 promotes cell apoptosis
in pancreatic cancer by regulating the p38 MAPK pathway
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Abstract. Long non-coding RNA (IncRNA) DGCRS5 has been
identified as a tumor suppressor in several types of cancer.
However, its biological functions in pancreatic cancer (PaCa)
havenotyetbeen fully elucidated. The present study was designed
to investigate the role of IncRNA DGCRS in the regulation
of PaCa cell apoptosis. For this purpose, IncRNA DGCRS,
miR-27a-3p and Bcl-2/adenovirus E1B-19kDa-interacting
protein 3 (BNIP3) expression levels were examined by reverse
transcription-quantitative (RT-qPCR) and western blot analysis,
respectively. RNA pull-down assay was used to verify DGCRS5
as a target of miR-27a-3p and dual luciferase reporter assay
was used to clarify whether miR-27a-3p targets the BNIP3 3'
UTR. In addition, PaCa cell apoptosis was assessed by flow
cytometry. Recombinant plasmids and cell transfection were
performed to modulate the endogenous expression of related
genes. Thereafter, the role of DGCRS in PaCa was analyzed
using a nude mouse model of PaCa. IncRNA DGCRS5 was
found to be downregulated in PaCa tissues and cells. DGCRS5
functioned as a decoy of miR-27a-3p, and BNIP3 was nega-
tively regulated by miR-27a-3p. Following the transfection of
DGCRS plasmid into PaCa cells, the expression of miR-27a-3p
was downregulated, and this downregulation was reversed
following transfection with miR-27a-3p mimic. In addition,
DGCRS regulated the BNIP3 and p38 MAPK pathways
via miR-27a-3p and promoted PaCa cell apoptosis via the
miR-27a-3p/BNIP3 pathway. The results of in vivo experiments
also indicated the positive effects of DGCRS5 on a nude mouse
model of PaCa. On the whole, the findings of the present study
indicate that IncRNA DGCRS5 upregulates the BNIP3 and p38
MAPK pathways via miR-27a-3p to promote PaCa cell apop-
tosis, thereby attenuating PaCa development.
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Introduction

Pancreatic cancer (PaCa) is gastrointestinal type of cancer
with a very high malignancy and is one of the leading
causes of cancer-related mortality worldwide (1). Due to the
high recurrence rate and rapid tumor growth, the prognosis
of patients with PaCa is poor, and the 5-year survival rate
is as low as 10% (2), which is a major obstacle towards the
improvement of patient survival. Previous studies have
demonstrated that the loss or low expression of Bcl-2/adeno-
virus E1B-19kDa-interacting protein 3 (BNIP3) in PaCa leads
to chemotherapeutic resistance and a worse prognosis (3.4).
BNIP3 is a member of the Bcl-2 family and has the potential
to facilitate cell apoptosis and evoke cell death and autophagic
cell death. Recently, it has been demonstrated that BNIP3 is
regulated by p21 and induces cell cycle arrest and cell apop-
tosis in PaCa (5) and that BNIP3 participates in cell apoptosis
via the modulation of the activation of the 5' AMP-activated
protein kinase (AMPK) pathway (6). A previous study
reported that mitogen-activated protein kinase (MAPK) was
involved in the cell apoptosis of PaCa, suggesting its associa-
tion with PaCa progression (7).

Moreover, bioinformatics software have predicted the
complementary base pairs between miR-27a-3p and BNIP3,
suggesting a potential binding site between them. MicroRNAs
(miRNAs or miRs) are a type of non-coding RNA (of
approximately 22 nucleotides) that negatively regulate gene
expression in various biological processes, and the dysregu-
lation of miRNAs has been implicated in numerous human
disorders (8). For instance, miR-27a has been shown to be
aberrantly expressed in several types of cancer. As previously
reported, the expression of miR-27a is associated with clinical
pathological parameters, including tumor size, lymph node
metastasis and distant metastasis in breast cancer; further-
more, a high expression of miR-27a is related to poor the
overall survival of patients with breast cancer (9). In addition,
the downregulation of miR-27a has been shown to suppress
cell growth and migration in PaCa (10). The expression of
miR-27a-3p in peripheral blood mononuclear cells (PBMCs)
has also been demonstrated to be a potential marker for PaCa
screening, serving as a promising strategy for the accurate
diagnosis of this disease (11).

As an identified tumor suppressor, IncRNA DGCRS has
been revealed to be downregulated in hepatocellular carcinoma
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and lung cancer, and the overexpression of DGCRS contributes
to the repression of cell proliferation, migration and invasion,
and promotes the cell apoptosis of these cancers (12,13).
Regrettably, the role of DGCRS in PaCa has not been focused
on and explored yet. The prediction of complementary base
pairs between DGCRS5 through bioinformatics analysis has
been a breakthrough, and it indicates the potential binding and
targeting effects between them. Therefore, it was hypothesized
that IncRNA DGCRS5 may also play an important role in the
progression of PaCa by interacting with miR-27a-3p and that
miR-27a-3p may also affect the growth or development of
PaCa by targeting BNIP3, a hypothesis which is explored in
the present study.

Materials and methods

Clinical samples. The present study was approved by the
Medical Ethics Committee of the Affiliated Hospital of
Medical School, Ningbo University. All the patients agreed
and signed the documented informed consent for tissue dona-
tion for study prior to sample collection.

PaCa tissues and adjacent normal tissues (n=20) were
obtained from patients with PaCa in the Affiliated Hospital
of Medical School, Ningbo University, and the clinical and
pathological characteristics of the patients are depicted
in Table I. The tissue samples were frozen in liquid nitrogen
and immediately stored at -80°C prior to analysis.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was isolated from PaCa and adja-
cent tissues and cell lines using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
standard procedures. The reverse transcription of total RNA
was performed using the cDNA Reverse Transcription kit
(Applied Biosystems) to synthesize cDNA. Quantitative PCR
was performed on an ABI Prism 7900HT system (Applied
Biosystems) with the SYBR Select Master Mix (Applied
Biosystems) to quantify gene expression. Primers were
synthesized with Sangon Biotech. (3-actin and U6 served as
endogenous controls. Finally, the 2244 method was used to
determine the relative expression levels (14). The primer
sequences were as follows: DGCRS forward, 5'-CACGAG
TGTAGTGCCCAGTT-3' and reverse, 5-GGTCAGGGA
CCTTTGTCGTT-3'"; miR-27a-3p forward, 5'-GGCTTAGCT
GCTTGTGA-3' and reverse, 5'-GAACATGTCTGCGTA
TCTC-3"; BNIP3 forward, 5'-GCCCACCTCGCTCGCAGA
CAC-3' and reverse, 5'-CAATCCGATGGCCAGCAAATG
AGA-3'; B-actin forward, 5'-AAGTACTCCGTGTGGAT
CGG-3' and reverse, 5-ATGCTATCACCTCCCCTGTG-3";
and U6 forward, 5'-CTCGCTTCGGCAGCACA-3' and
reverse, 5'-AACGCTTCACGAATTTGCGT-3". The PCR
thermocycling conditions were as follows: PCR reactions were
carried out for 40 cycles that comprised a denaturation step
at 95°C for 15 sec, an annealing step at 62°C for 45 sec and an
extension step at 72°C for 30 sec.

Western blot analysis. Western blot analysis was performed to
examine the protein levels. The tissues and cells were lysed in
lysis buffer (Beyotime Institute of Biotechnology) containing
protease inhibitors. The protein concentration was measured
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using a Bradford protein assay kit (Bio-Rad Laboratories,
Inc.), and the proteins were then separated by 10% SDS-PAGE
with an electrophoresis system (Bio-Rad Laboratories, Inc.).
Following separation, the proteins were transferred to a poly-
vinylidene difluoride (PVDF) membrane (Invitrogen; Thermo
Fisher Scientific, Inc.). After blocking in Tris-buffered saline
(TBS) containing 5% skimmed milk for 1 h at room tempera-
ture, the membrane was incubated with primary antibodies
against BNIP3 (1:500, sc-56167; Santa Cruz Biotechnology,
Inc.), p-p38 (1:1,000,4511; Cell Signaling Technology, Inc.), p38
(1:1,000, 8690; Cell Signaling Technology, Inc.), Bel-2 (1:1,000,
15071; Cell Signaling Technology, Inc.), cleaved caspase-3
(1:1,000, 9661; Cell Signaling Technology, Inc.) and B-actin
(1:500, sc-47778; Santa Cruz Biotechnology, Inc.) at 4°C over-
night. The membrane was then incubated with HRP-bounded
antibodies (1:10,000, 31460; Pierce, Thermo Fisher Scientific,
Inc.) for 2 h at room temperature. The target proteins were
visualized using an ECL Plus Western Blot Substrate (Thermo
Fisher Scientific, Inc.). The protein levels were normalized to
[-actin and densitometric analysis was performed using Image
J software (v. 1.52r; National Institutes of Health).

Cells and cell culture. The human PaCa cell lines, SW1990 and
PANC-1 [American Type Culture Collection (ATCC)], and the
normal human pancreatic duct epithelial cell line, HPDE6-C7
(ATCC), were cultured in standard DMEM containing 10%
fetal bovine serum (FBS, Gibco; Thermo Fisher Scientific,
Inc.), 100 U/ml of penicillin, and 100 pg/ml of streptomycin
(HyClone; GE Healthcare Life Sciences) and maintained
at 37°C in a humidified atmosphere with 5% CO,.

Prediction of DGCRS5 and miR-27a-3p binding sites.
Bioinformatics software (LncBase Predicted v.2)
predicted that DGCRS5 and miR-27a-3p had binding
sites. The specific method was to enter the following
website: http://carolina.imis.athena-innovation.gr/diana_
tools/web/index.php?r=Incbasev2/index-predicted, and then
entered the names of DGCRS and miR-27a-3p, respectively.

RNA immunoprecipitation (RIP). RNA immunoprecipita-
tion (RIP) was performed using the RNA-Binding Protein
Immunoprecipitation kit (EMD Millipore). The SW1990 cells
were lysed in lysis buffer, and the cell lysis solutions were incu-
bated with argonaute 2 (AGO2) antibody (1:1,000, ab32381,
Abcam)or normal mouse IgG at 4°C for 4 h. RNA-protein
complexes were immunoprecipitated with protein A agarose
beads,and RNA was extracted using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.). IP-western blot analysis was
used to detect the protein level of AGO2, and RT-qPCR was
used to quantify the DGCRS and miR-27a-3p level.

RNA pull-down assay. RNA pull-down assay was conducted
to determine the interaction between DGCRS and miR-27a-3p.
Briefly, the DNA probe complementary to DGCRS5 was
synthesized and biotinylated using GenePharma Co., Ltd.
RNA pull-down assay was performed using a Magnetic
RNA-Protein Pull-Down kit (Thermo Fisher Scientific, Inc.)
according to company specifications. The RNA-binding
protein complexes were washed and eluted for western blot or
RT-qPCR analysis.
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Table I. Clinical and pathological characteristics of the patients
included in the present study.

Characteristic No. of patients
Newly diagnosed
Yes 18
No 2
Age, years
<60 15
=60 5
Sex
Male 14
Female 6

Tumor size, cm

<3 7

=3 13
Histological grade

Well/moderate 8

Poor 12
TNM stage

I-II 7

aI-1v 13

Cell transfection. The miR-27a-3p mimic, pre-negative control
(pre-NC), miR-27a-3p inhibitor, and negative control (NC)
were purchased from GenePharma for cell transfection. Cells
(3x10°/well) were seeded in a 6-well plate and cultured for 24 h
prior to transfection. The cells were transfected with miR-27a-3p
mimics/inhibitor or NC mimics/inhibitor (50 nM) using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) for induction. After 24 h, the efficiency of cell transfec-
tion was examined by RT-qPCR and western blot analysis.
The siRNA for BNIP3 and its control group si-control were
synthesized by GenePharma. Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) was used to transfect si-BNIP3
and si-control (50 nM) into cells, respectively. The interference
sequences of BNIP3 and its control were as follows: si-BNIP3,
5-GGAATTAAGTCTCCGATTA-3"; si-control, 5'-UUCUUC
GAACGUGUCACGUTT-3.

Prediction of miR-27a-3p and BNIP3 binding sites.
Bioinformatics software (microrna.org) predicted that
miR-27a-3p and BNIP3 had binding sites. The specific method
was to enter the following website: http://www.microrna.
org/microrna/home.do, and then entered miR-27a-3p name.

Dual luciferase reporter assay. Dual luciferase reporter assay
was used to examine the interaction between miR-27a-3p
and BNIP3. The WT BNIP3 3'-UTR or Mut BNIP3 3-UTR
was inserted into the pmirGLO vector (Promega Corp.) to
establish the recombinant plasmid. The recombinant plas-
mids miR-27a-3p mimic (or pre-NC), miR-27a-3p inhibitor,
or NC were co-transfected into 293 cells (Procell) using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,

Inc.). The luciferase activity was detected using the dual
luciferase reporter assay system (Promega Corp.) according to
manufacturer instructions, followed by normalizing to Renilla
luciferase activity.

Plasmid construction. The pcDNA3.1 was used to construct
the pcDNA-DGCRS5 expression plasmids, and the vector
pcDNA was used as a control, and they were transfected into
SW1990 and PANC-1 cell lines using Lipofectamine 2000.
In brief, the target gene DGCRS5 was amplified using PCR,
and the product was purified with gel extraction. The product
of double enzyme digestion was then ligated with T4 DNA
ligase (Takara), and the purified product and pcDNA3.1 were
integrated into the pcDNA-DGCRS5 recombinant plasmid. The
recombinant pcDNA-DGCRS5 was cloned into E. coli, and
positive clones were selected and amplified. The recombinant
plasmids were extracted from positive clones and transfected
into PaCa cells following identification with restriction
analysis and sequence analysis (Sangon Biotech).

Flow cytometric (FCM) analysis. The apoptosis of SW1990
and PANC-1 cells was determined by FCM analysis using an
Annexin V-FITC/propidium iodide (PI) cell apoptosis detec-
tion kit (Abcam). Cells (1x10°) were collected and washed
twice with phosphate-buffered saline (PBS) and suspended in
500 ml of binding buffer. Annexin V-FITC was added, and the
cells were then incubated for 10 min at room temperature. The
cells were subsequently stained using 5 yl PI for 20 min. The
stained cells were analyzed with FCM and the FlowJo V10
software (Tree Star, Inc.).

Establishment of a nude mouse model of PaCa. All animal
experiments were approved by the Medical Ethics Committee
of the Affiliated Hospital of Medical School, Ningbo University.
A total of 12 BALB/C nude mice (5 weeks old) were purchased
from the Shanghai Lab Animal Research Center. The mice
were placed in a temperature- and humidity-controlled envi-
ronment and subjected to a 12-h light and dark cycle. All mice
always had free access to water and food, and animal health
and behavior were monitored every 24 h. Mice were randomly
divided into the pcDNA group (n=6) and the pcDNA-DGCRS5
group (n=6). Mice in each group were inoculated with 3x10°
SW1990 cells transfected with pcDNA or pcDNA-DGCRS,
respectively, and cells in 0.2 ml of PBS were injected subcu-
taneously into the right axilla of each mouse, as previously
described (15). Tumor volume was measured every 7 days and
calculated by using the following formula: V=(L x W2)/2, in
which V refers to volume, and L and W represent the longest
and shortest diameters, respectively. After 5 weeks, mice were
euthanized by an intraperitoneal injection of 150 mg/kg pento-
barbital sodium, and the mice were examined to determine
whether they did not breathe spontaneously for 2-3 min and
exhibited no blinking reflex.

Statistical analysis. The data are presented as the mean
values =+ standard deviation (SD). SPSS 21.0 (SPSS, Inc.), and
GraphPad Prism (GraphPad Software) software were used to
conduct the analyses. A Student's t-test with 2-tailed value in
GraphPad Prism was used for 2-group comparisons, while
one-way ANOVA with the Bonferroni correction was used
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Figure 1. Differential expression levels of IncRNA-DGCRS, miR-27a-3p and BNIP3 in pancreatic cancer tissues. (A) The expression levels of DGCRS in
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adjacent tissues (n=20) and PaCa tissues (n=20) were determined by RT-qPCR. " "P<0.001 vs. adjacent tissues. (B) The expression of miR-27a-3p in adjacent
tissues (n=20) and PaCa tissues (n=20) was quantified by RT-qPCR. "“P<0.001 vs. adjacent tissues. (C and D) The expression levels of BNIP3 mRNA and

protein in adjacent tissues (n=20) and PaCa tissues (n=20) were analyzed by RT-qPCR and western blot analysis, respectively.

Fres

P<0.001 vs. adjacent tissues.

(E) Correlation analysis between IncRNA DGCRS, miR-27a-3p and BNIP3. Each experiment was repeated 3 times. PaCa, pancreatic cancer; BNIP3, Bcl-2/

adenovirus E1B-19kDa-interacting protein 3.

for multi-group comparisons. Pearson's correlation coefficient
analysis was used to examine the correlation between IncRNA
DGCRS5, miR-27a-3p, and BNIP3, and the r value was obtained
directly by GraphPad Prism software and was used to evaluate
the correlation of 2 variables. Differences were considered
statistically significant at P<0.05.

Results

Expression of IncRNA DGCRS5, miR-27a-3p and BNIP3 in
PaCa tissues. PaCa (n=20) tissues and adjacent tissues (n=20)
were isolated from patients, and the expression levels of
related genes were determined. The results demonstrated that

DGCRS expression was downregulated in the PaCa tissues
compared with the adjacent normal tissues (Fig. 1A), whereas
miR-27a-3p expression was upregulated (Fig. 1B). The mRNA
and protein expression levels of BNIP3 were downregulated
in the PaCa tissues (Fig. 1C and D). The expression of BNIP3
was tested in all 20 pairs of clinical tissues, and the most
representative 2 pairs from 20 pairs of clinical tissues were
selected to display the results of western blot analysis. In addi-
tion, the correlation between IncRNA DGCRS5, miR-27a-3p
and BNIP3 we analyzed. It was found that miR-27a-3p
negatively correlated with either IncRNA DGCRS5 or BNIP3,
whereas IncRNA DGCRS positively correlated with BNIP3
(Fig. 1E).
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Expression of IncRNA DGCRS5, miR-27a-3p and BNIP3 in
PaCa cells. In previous preliminary experiments, the changes
in the expression of DGCRS, miR-27a-3p and BNIP3 were
detected in the following 4 cancer cells: PANC-1, SW1990,
BXPC-3 and H6C7, respectively, and the results revealed
that the changes in expression were most pronounced in the
PANC-1 and SW1990 cell lines (data not shown). Therefore,
for the present study, the PANC-1 and SW1990 cell lines were
selected for further research, and this was also consistent with

the conclusion of a previous study (7). The expression levels of
DGCRS5, miR-27a-3p and BNIP3 were examined in PaCa cell
lines (SW1990 and PANC-1) and the normal human pancre-
atic duct epithelial cell line (HPDE6-C7). Compared with
the HPDEG6-C7 cells, DGCRS5 expression was downregulated
in the PaCa cells (Fig. 2A), whereas miR-27a-3p expression
was upregulated (Fig. 2B). The mRNA and protein expres-
sion levels of BNIP3 were downregulated in the PaCa cells
(Fig. 2C and D).



734

LI et al: ROLE OF IncRNA DGCRS IN PANCREATIC CANCER

BNIP3| v
A Il BNIP3 3'UTR-WT B-actin| s w—
51 BNIP3 3'UTR-Mut 1.57 3- 8-
> " _ © *k @
= % 8 3
g @ % E 6 - * %
o @ 1.0 T 24 2
g 31 s € &
) (22
= o o D 44
[=] in = o
2 o4 £ Pl =z
¢ 0.51 o 11 e
_g g ok s g 5
g 1 R 5 z
o T o g
0- 0.0- 0- 0-
NC + - + - NC - NC + - NC -
miR-27a-3p _ + miR-27a-3p + miR-27a-3p - + miR-27a-3p - -
inhibitor inhibitor inhibitor inhibitor
B
WT-BNIP3 3'UTR 5 CUGAUUAAUGUCUACUGUGA 3’
. | [ LT
miR-27a-3p 3 CGCCUUGAAUCGGUGAQACQ 5
Mut-BNIP3 3'UTR 5 CUGAUUAACGUAUCAGUGAC 3
BNIP3 | w— -
C Il BNIP3 3'UTR-WT B-actin | e s—
15+ BNIP3 3'UTR-Mut 10 - 15- 1.5
> — @ ©
E % 8- bk E E
g a < £
1.0- L 4 @ & 1.0 5 1.0
o < 61 E a
o 5 ™ ™
S o« e o
=] *kk £ 44 = =
205 o © 051 wax D 0.5 -
= I 2 £
° o 27 3 3
o« o o
0.0- 0- 0.0- 0.0-
) pre-NC + - + - ) pre-NC - ) pre-NC  + - ) pre-NC  + -
miR-27a-3p _ - ¥ miR-27a-3p + miR-27a-3p  _ + miR-27a-3p  _ +
mimic mimic mimic mimic
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DGCRS5 functions as a decoy of miR-27a-3p. The binding
sites of DGCRS5 and miR-27a-3p were predicted using bioin-
formatics software (LncBase Predicted v.2) (Fig. 3A). The
combination conditions and interaction between DGCRS and
miR-27a-3p were determined with RIP and RNA pull-down
assays, respectively. AGO2 antibody was used in the RIP assay,
and it was detected using IP-western blot analysis. RT-qPCR
was performed to examine the expression levels of DGCRS
and miR-27a-3p. High levels of DGCRS5 and miR-27a-3p
were detected with the AGO2 antibody (Fig. 3B). Using RNA
pull-down assay, AGO2 in the pull-down complex of DGCRS5

was examined by western blot analysis (Fig. 3C). The results
revealed that miR-27a-3p was enriched in the pull-down
complex of DGCRS5 (Fig. 3D).

BNIP3 is negatively regulated by miR-27a-3p. The interaction
between miR-27a-3p and BNIP3 was detected by dual lucif-
erase reporter assay. Compared with the NC group, transfection
with miR-27a-3p inhibitor increased the luciferase activity of
the luciferase reporter gene containing BNIP3 3'UTR-WT and
downregulated the expression of miR-27a-3p; furthermore, it
upregulated the mRNA and protein expression levels of BNIP3,
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Figure 5. IncRNA DGCRS regulates BNIP3 and p38 MAPK pathway through miR-27a-3p. (A) The expression levels of miR-27a-3p and BNIP3 protein in cells
were examined by RT-qPCR and western blot analysis, respectively. “P<0.01 vs. pcDNA, pcDNA-DGCRS5 + pre-NC; "P<0.05 vs. pcDNA-DGCRS5 + pre-NC.
(B) The expression levels of p-p38 and p38 protein in cells were examined by western blot analysis. "P<0.05, P<0.01 vs. pcDNA and pcDNA-DGCRS5 + pre-NC.
Each experiment was repeated 3 times. BNIP3, Bcl-2/adenovirus E1B-19kDa-interacting protein 3.

whereas transfection with miR-27a-3p inhibitor exerted no
effect on the luciferase activity of the luciferase reporter gene
containing BNIP3 3'UTR-Mut (Fig. 4A). The binding sites of
miR-27a-3p and the WT-BNIP3 3' UTR were predicted using
bioinformatics software (microrna.org) (Fig. 4B). Compared
with the pre-NC group, transfection with miR-27a-3p mimic
decreased the luciferase activity of the luciferase reporter gene
containing BNIP3 3'UTR-WT and upregulated the expression
of miR-27a-3p; however, it downregulated the mRNA and
protein expression levels of BNIP3, whereas transfection with
miR-27a-3p mimic exerted no effect on the luciferase activity
of the luciferase reporter gene containing BNIP3 3'UTR-Mut
(Fig. 4C).

DGCRS5 regulates BNIP3 and the p38 MAPK pathway
through miR-27a-3p. For cell transfection, the SW1990
and PANC-1 cells were divided into 4 groups as follows:
pcDNA, pcDNA-DGCRS5, pcDNA-DGCRS5 + pre-NC and
pcDNA-DGCRS5 + miR-27a-3p mimic. The results revealed
that the expression of miR-27a-3p was significantly downregu-
lated and the expression of BNIP3 protein was upregulated in
cells transfected with pcDNA-DGCRS5; however, these effects
were reversed following transfection with miR-27a-3p mimic

(Fig. 5). Furthermore, transfection with pcDNA-DGCRS5
promoted the phosphorylation of p38; however, transfection
with miR-27a-3p mimic suppressed the phosphorylation
level of p38 (Fig. 5B). In addition, the effects of BNIP3 on
p38 phosphorylation and the MAPK signaling pathway were
further explored. si-BNIP3 and pcDNA-BNIP3 were trans-
fected into the PANC-1 and SW1990 cell lines, respectively.
From the results of western blot analysis, it was found that the
phosphorylation of p38 was reduced and the MAPK signaling
pathway was inhibited following the interference of BNIP3;
however, the overexpression of BNIP3 produced the opposite
effect (Fig. S1).

DGCRS5 promotes the apoptosis of PaCa cells via the
miR-27a-3p/BNIP3 pathway. For cell transfection, the SW1990
and PANC-1 cells were divided into 4 groups as follows:
pcDNA, pcDNA-DGCRS, pcDNA-DGCRS + pre-NC and
pcDNA-DGCRS5 + miR-27a-3p mimic. FCM analysis was used
to examine the apoptosis of the SW1990 and PANC-1 cells.
The results revealed that transfection with pcDNA-DGCRS
promoted cell apoptosis; however, this effect was reversed
following transfection with miR-27a-3p mimic (Fig. 6A). In
addition, the results of western blot analysis demonstrated that
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Figure 6. IncRNA DGCRS5 promotes cell apoptosis in pancreatic cancer via the miR-27a-3p/BNIP3 pathway. (A) Cell apoptosis was analyzed by flow cytom-

etry. ""P<0.001 vs. pcDNA; *P<0.01 vs. pcDNA-DGCRS5 + pre-NC.
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transfection with pcDNA-DGCRS5 upregulated the protein
level of cleaved caspase-3 and downregulated the protein level
of Bcl-2, whereas these effects were reversed following trans-
fection with miR-27a-3p mimic (Fig. 6B).

DGCRYS inhibits tumor growth in a mouse model of PaCa.
The tumor volumes of the nude mouse model of PaCa with
pcDNA (n=6) and pcDNA-DGCRS5 (n=6) were detected.
Compared with the pcDNA group (n=6), tumor growth was
significantly inhibited in the pcDNA-DGCRS5 group (Fig. 7A).
Compared with the pcDNA group, the expression of DGCRS5
was significantly upregulated, that of miR-27a-3p was down-
regulated, and the protein level of BNIP3 was upregulated in
the pcDNA-DGCRS group (Fig. 7B).

Discussion

The present study mainly explored the interactions between
IncRNA DGCRS, miR-27a-3p and BNIP3 in PaCa tissues and
cells and examined their effects on cell apoptosis and tumor
growth. Specifically, the results of the present study demon-
strated that DGCRS expression was downregulated in PaCa,
and that DGCRS5 upregulated BNIP3 and activated the p38
MAPK signaling pathway through miR-27a-3p to promote
PaCa cell apoptosis, thereby suppressing tumor growth. The
findings of the present study may provide important insight
for the development of novel therapies and improving the
prognosis of PaCa.

With high mortality and low diagnosis and recovery rates,
PaCa is known as an aggressive and lethal type of cancer, and
has been considered a medical challenge that has attracted
considerable attention in etiology exploration and therapy
development (16). A deeper understanding of the molecular
alterations shows promise for the future development of more
targeted and safer therapeutic therapies for the diagnosis and
treatment of patients with PaCa. IncRNAs refer to a type of
non-coding RNA with approximately 200 nucleotides, which
have emerged as pivotal regulators of the pathogenesis and
progression of various diseases (17). The abnormal expres-
sion of IncRNAs and the interaction between IncRNAs and
miRNAs have been shown to be associated with a variety of
cancers. As previously reported, IncRNA DGCRS is involved
in the regulation of the proliferation, migration and invasion
of lung cancer by targeting miR-1180 (13), exhibiting its anti-
tumor role in the development and progression of lung cancer.
In the present study, DGCRS expression was downregulated in
PaCa, and DGCRS5 exerted antitumor effects by promoting cell
apoptosis, which has been identified as playing an antitumor
role in PaCa for the first time. In addition, further research
found that miR-27a-3p was a novel target of DGCRS and was
negatively regulated by DGCRS to facilitate cell apoptosis and
tumor growth in PaCa.

As the essential regulators of gene expression, the abnormal
expression of miRNAs has been reported in various types of
cancer (18). As has been reported, the expression of miR-27a
is upregulated in human ovarian cancer, and it plays a crucial
role in cell growth and metastasis (19). In PaCa, miR-27a also
functions as an oncogene by regulating the growth, colony
formation and migration of PaCa cells (20). Furthermore,
miR-27a-3p also exhibits oncogenicity in glioma, esophageal
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cancer and gastric cancer by promoting cell proliferation via
different targets (21-23). Considering the recommendation of
using combined serum CA19-9 and miR-27a-3p in PBMC to
diagnose PaCa (11), it was initially demonstrated herein that
miR-27a-3p was downregulated in PaCa and that miR-27a-3p
mimic contributed to the suppression of cell apoptosis through
the downregulation of BNIP3. These results were in accor-
dance with those of previous research that revealed that grape
seed proanthocyanidins extract suppressed PaCa cell growth
by downregulating the expression of miR-27a (10), recon-
firming the tumor-promotion effect of miR-27a in PaCa.

The adverse effect of the loss or decreased expression of
BNIP3 in PaCa has been previously well-illustrated in terms of
chemoresistance and a poor prognosis (24). Silencing followed
by the methylation of the BNIP3 gene occur in a significant
proportion of cancer cases, particularly in PaCas (25). In the
present study, it was demonstrated that BNIP3 was nega-
tively regulated by miR-27a-3p and occupied an important
position in enhancing cell apoptosis and PaCa progression,
exhibiting its pivotal and characteristic role in suppressing
tumors. Moreover, the present study also demonstrated that
the cell apoptosis-promoting effect of BNIP3 was achieved by
targeting MAPK, verifying the activating effect of BNIP3 on
MAPK and underlining the key role of MAPK in promoting
cell apoptosis (26).

In conclusion, the present study highlighted the role
of IncRNA DGCRS5 in PaCa for the first time, at least to
the best of our knowledge. Furthermore, the interactions
between DGCRS, miR-27a-2p and BNIP3 were investigated.
In particular, the results indicated that DGCRS upregulate
BNIP3 expression and activated the p38 MAPK pathway via
miR-27a-3p, which promoted cell apoptosis in PaCa, thereby
inhibiting tumor growth. The present study emphasized the
roles of DGCRS5 and miR-27a-3p in PaCa development and
progression, providing innovative insight into the optimal
management of its treatment and prognosis. However, it should
be noted that a limitation of this study was the lack of H&E
staining to identify the successful construction of animal
models of PaCa, and the authors aim to continue to further
investigations in this matter in the future.
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