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A B S T R A C T

Pancreatic cancer, one of the fatal and aggressive malignancies, leads the sixth cancer-associated death in China.
microRNAs are believed to exert function in the diagnosis and treatment of pancreatic cancer. In the present
study, we firstly found that miR-142-5p was downregulated in pancreatic cancer tumor tissues while Ras-related
protein Rap-1 A (RAP1A) was upregulated compared with para-carcinoma non-tumor tissues. Then, we found
that RAP1A could be a putative target gene of miR-142-5p by bioinformatics tool TargetScan. Furthermore, we
conducted luciferase reporter assay, RT-qPCR, western blot and correlation analysis to demonstrate that miR-
142-5p could negatively regulate RAP1A expression by binding to its 3′UTR. In addition, cell-counting kit 8
(CCK-8) and flow cytometry assays certified that miR-142-5p overexpression may inhibit pancreatic cancer cell
proliferation but promote cell apoptosis; while the variation could be reversed by co-transfected with pcDNA3.1-
RAP1A. Finally, miR-142-5p overexpression downregulated p-ERK1/2, phosphate p38 mitogen-activated protein
kinases (p-p38); however, the variation induced by miR-142-5p mimic could be reversed by co-transfected with
pcDNA3.1-RAP1A. In conclusion, our findings indicate that targeting miR-142-5p may provide a novel strategy
for the treatment of pancreatic cancer.

1. Introduction

Pancreatic cancer is one of the most lethal and aggressive malig-
nancies, leading the sixth cause of cancer-related mortality in China
[1]. It has been reported that the five-year survival of pancreatic cancer
patients is ranging between 2% and 6% [2]. Although there are pro-
minent advances in chemotherapy or radiotherapy for decades, the
overall prognosis of pancreatic cancer still remains poor [3]. Therefore,
novel clinical strategies for pancreatic cancer treatment are in great
need.

microRNAs are small, non-coding RNA molecules (containing about
22 nucleotides) functioning in RNA silencing and post-transcriptional
regulation of gene expression. Recently, a number of microRNAs were
found to be dysregulated in human malignancies, including lung cancer
[4], breast cancer [5], colon cancer [6] and pancreatic cancer [7]. The
miR-142 hairpin give rise to the guide-strand (miR-142-3p) and the
sister passenger-strand (miR-142-5p), which play crucial role in many
physiological process [8]. Recently, miR-142-5p was found to be
aberrantly expressed in different pathological conditions, for instance,
cancers [9,10] and inflammation [11]. Previous studies have confirmed
that miR-142 was downregulated in various cancers [12,13]. In

pancreatic cancer, patients with high miR-142-5p had significantly
longer survival times than those with low miR-142-5p, indicating that
miR-142-5p may function as a predictive marker concerning the prog-
nosis of pancreatic cancer [14]. However, the underlying mechanisms
of miR-142-5p in pancreatic cancer have not yet been fully demon-
strated.

To determine whether or not miR-142-5p exerts its function as a
tumor suppressor gene in pancreatic cancer, we first found that Ras-
related protein Rap-1 A (RAP1A) was a putative target of miR-142-5p
using TargetScan. As a family member of Ras-related proteins, RAP1A
has been reported to be an important oncogene in various cancers
[15,16]. Furthermore, RAP1 activation was demonstrated to increase
metastasis of pancreatic carcinoma cells [17]. However, the interaction
between miR-142-5p and RAP1A concerning pancreatic cancer cell
proliferation and apoptosis remains to be elucidated.

Here, we demonstrated that miR-142-5p could regulate the ex-
pression of RAP1A by binding to its 3′UTR. miR-142-5p was down-
regulated while RAP1A was upregulated in pancreatic cancer tumor
tissues compared with para-carcinoma non-tumor tissues. Meanwhile,
the expression of miR-142-5p was negatively correlated with RAP1A.
Overexpression of miR-142-5p may inhibit pancreatic cancer cell
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proliferation but promote cell apoptosis by targeting RAP1A through
MAPK signaling pathway, providing valuable insight into the molecular
mechanisms underlying miR-142-5p-mediated biological functions in
pancreatic cancer.

2. Materials and methods

2.1. Specimens and cell culture

35 paired of human pancreatic tumor tissues and para-carcinoma
non-tumor tissues were obtained immediately after resection from pa-
tients in the Affiliated Huaian NO.1 People’s Hospital of Nanjing
Medical University who had undergone primary surgical treatment
between December 2014 and April 2016. All the patients had not re-
ceived any pre-operative chemotherapy, radiotherapy or im-
munotherapy. After surgical resection, the tissues were frozen in liquid
nitrogen until use. Written consent was obtained from each patient and
the protocol was approved by the Ethics Committee of the Affiliated
Huaian NO.1 People’s Hospital of Nanjing Medical University before
our experiment.

The human pancreatic cancer cell line PANC-1 (BNCC100462) and
human normal pancreatic duct epithelial cell line HPDE6-C7
(BNCC338285) were purchased from BeNa Culture Collection (Beijing,
China) and maintained in Dulbecco’s modified eagle’s medium (DMEM;
Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10%
fetal bovine serum (FBS; Gibco, Thermo Fisher Scientific Scientific,
Waltham, MA, USA) and 1% streptomycin-penicillin. Cell lines were
cultivated and incubated in a humidified atmosphere with 5% CO2 at
37℃.

2.2. Transfection

PANC-1 cells with the density of 1×104 cells/well were transfected
with miR-142-5p mimic, nonrelative control (NC), pcDNA3.1 and
pcDNA3.1-RAP1A using Lipofectamine®3000 reagent (Thermo Fisher
Scientific, Waltham, MA, USA) under the manufacturer’s instructions.
miR-142-5p mimic and NC were purchased from GenePharma
(Shanghai, China). In order to confirm the transfection efficiency of
miR-142-5p, cells were divided into three different groups: i) control
group, untransfected cells; ii) NC group, cells were transfected with NC;

iii) miR-142-5p mimic group, cells were transfected with miR-142-5p
mimic. The sequences of NC: 5′-GUGUAACACGUCUAUACGCCCA-3′
and the sequences of miR-142-5p mimic: 5′-CAUAAAGUAGAAAGCAC
UACU-3′.

The RAP1A overexpression vector pcDNA3.1-RAP1A and pcDNA3.1
blank vector were produced by Chinese Academy of Sciences
(Changchun, China). As to confirm the transfection efficiency of

Fig. 1. miR-142-5p was downregulated in pancreatic cancer tumor tissues.
The expression level of miR-142-5p in pancreatic cancer tumor and para-car-
cinoma non-tumor tissues.

Fig. 2. RAP1 was upregulated in pancreatic cancer tumor tissues.
(A) The mRNA expression level of RAP1A in pancreatic cancer tumor and para-
carcinoma non-tumor tissues. (B) One of the protein expression level of RAP1A
in pancreatic cancer tumor and para-carcinoma non-tumor tissues was pre-
sented. (C) The quantified protein expression levels of RAP1A in pancreatic
cancer tumor and para-carcinoma non-tumor tissues (N=3).
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RAP1A, cells were divided into three different groups: i) control group,
untransfected cells; ii) pcDNA3.1 group, cells were transfected with
pcDNA3.1; iii) pcDNA3.1-RAP1A, cells were transfected with
pcDNA3.1-RAP1A.

2.3. Real-time RT-qPCR analysis

Total RNA was extracted from human tissues and cell lines using
TRIzol® RNA Isolation Reagents (Invitrogen, Carlsbad, CA, USA) ac-
cording to the manufacturer’s protocol. Then, mRNA was reversed
transcribed to cDNA using High Capacity cDNA Reverse Transcription
Kit (Applied Biosystems, Foster City, CA, USA) following the manu-
facturer’s instructions. Afterward, RT-qPCR analysis was carried out in
triplicate with the SYBR Green PCR Master Mix (Takara, Japan) ac-
cording to the manufacturer’s protocol. For miRNA detection, U6 was
used to normalize expression. To detect the target genes, GAPDH was
used to normalize expression. Primers sequences were listed below:
miR-142-5p forward, 5′-CAUAAAGUAGAAAGCACUACU-3′ and reverse
5′-UAGUGCUUUCUACUUUAUGUU-3′; U6 forward, 5′-CTCGCTTCGGC
AGAC-3′ and reverse 5′-AACGCTTACGAATTT-3′; RAP1A forward,
5′-CAAGCTAGTAGTCCTTGGTTCAG-3′ and reverse 5′-GGAATCTTCTA
TCGTTGGGTCAT-3′; GAPDH forward, 5′-AACAGCAACTCCCACTC
TTC-3′ and reverse 5′−CCTGTTGCTGTAGCCGTATT-3′. The cycling
conditions were as follows: initial denaturation for 10min at 95℃,
followed by 40 thermal cycles of 95℃ for 10 s, 55℃ for 10 s and 72℃
for 30 s. Finally extension at 72℃ for 10min. Data analysis was per-
formed using 2−△△Ct method.

2.4. Cell viability

After transfection, cells were resuspended and reseeded into 96-well
plates at the density of 3×103 cells/well. At 0, 24, 48 h, 10 μl cell-
counting kit 8 (CCK-8; Dojindo, Kumamoto, Japan) solution was added
into each well and incubated at 37℃ for 2 h in a humidified atmo-
sphere. Finally, the absorbance was measured at 450 nm using a mi-
croplate reader (Bio-Rad Laboratories Inc., Hercules, CA, USA).

2.5. Cell apoptosis

At 48 h post-transfection, 2×105 cells were collected and stained in
the dark with 5 μl of Annexin V FITC and 5 μl of propidium iodide di-
luted 100 μl binding buffer (Annexin V fluorescein isothiocyanate

apoptosis detection kit; Beyotime Institue of Biotechnology). After in-
cubated for another 20min, the percentage of apoptosis cells were
detected by flow cytometry (FACScan; BD Biosciences, San Jose, CA,
USA).

2.6. Western blotting analysis

The total protein of the tissues and cells were extracted using a RIPA
buffer (Beyotime Institute of Biotechnology) containing protease in-
hibitor cocktail (Pierce Biotechnology, Inc., Beijing, China). Then, the
concentration of protein was measured using bicinchoninic acid protein
assay (BCA; Vazyme, Nanjing, China). Afterward, the protein was
loaded onto 10% SDS-PAGE gels and transferred to polyvinylidene di-
fluoride membranes (PVDF; Sigma-Aldrich CO., St Louis MO, USA). The
membranes were then blocked with 5% nonfat milk diluted in Tris-
buffered saline containing 0.1%Tween-20 (TBST; T1081-500; Solarbio,
Beijing, China) for 2 h at room temperature followed by incubated with
primary antibodies at 4℃ overnight: rabbit anti RAP1A (1:1000;
ab115776; Abcam, Cambridge, MA, USA); rabbit anti p-ERK1/2
(1:1000; ab214362; Abcam, Cambridge, MA, USA); rabbit anti ERK1/2
(1:1000; ab17942; Abcam, Cambridge, MA, USA); rabbit anti p38
(1:1000; ab170099; Abcam, Cambridge, MA, USA); rabbit anti p-p38
(1:1000; ab4822; Abcam, Cambridge, MA, USA) and rabbit anti GAPDH
(1:2500; ab9485; Abcam, Cambridge, MA, USA). After washing with
TBST for three times, goat anti-rabbit secondary antibody IgG H&L
(1:1000; ab6940; Abcam, Cambridge, MA, USA) was incubated with the
membranes at room temperature for 2 h. Finally, an enhanced chemi-
luminescence reagent (ECL; Pierce, Rockford, IL, USA) was applied to
visualize the protein bands while ImageJ software (version 1.49;
National Institues of Health, Bethesda, MD, USA) was used to semi-
quantify the ratio of the grey value of target proteins. GAPDH func-
tioned as an internal control to ensure the equal protein loading.

2.7. miRNA target prediction

TargetScan (http://www.targetscan.org) was used to predict the

Fig. 3. miR-142-5p was negatively correlated with RAP1A.
Results of correlation analysis between the expression of miR-142-5p and the
expression of RAP1A in patients with pancreatic cancer. RAP1A, Ras-related
protein Rap-1A.

Fig. 4. miR-142-5p targets RAP1A.
(A) The predicted miR-142-5p binding site within the RAP1A 3′UTR and a
mutated type of RAP1A were presented. (B) Luciferase reporter assay demon-
strated that miR-142-5p bound to the wild-type but not mutant sequences
within the 3′UTR of RAP1A.
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putative target and binding sequence of miR-142-5p.

2.8. Luciferase reporter assay

The luciferase reporter assay was carried out to determine whether
there is an interaction between miR-142-5p and RAP1A. Briefly, the
wild type or mutant of the RAP1A 3′UTR fragment containing the pu-
tative binding sequence was amplified from PCR. Then, the PCR pro-
duct was cloned into the luciferase reporter plasmid vector pGL3-Basic
(Biovector, Beijing, China). Afterward, HPDE6-C7 cells were co-trans-
fected with the plasmid containing the mutant type or wild type of
RAP1A 3′-UTR and miR-142-5p mimic or NC. The transfected cells were
incubated for 48 h at 37℃ in a humidified atmosphere and were ana-
lyzed for luciferase activity using the dual-luciferase reporter assay kit
(Thermo Fisher Scientific, Waltham, MA, USA).

2.9. Statistical analysis

All the data were presented as the mean ± standard deviation in
the present study. Statistical analysis was carried out using SPSS version
17.0 (SPSS Inc., Chicago, IL, USA). Student’s t-test was applied to dis-
tinguish differences between two groups, while one-way analysis of
variance (ANOVA) followed with Newman-Keuls test was applied to
analyze data among three or more groups. Pearson’s analysis was used
to evaluate the correlation between miR-142-5p and RAP1A. P < 0.05
was considered to be statistically significant.

3. Results

3.1. miR-142-5p is downregulated in pancreatic cancer tumor tissues

As demonstrated in Fig. 1, the expression level of miR-142-5p was
significantly downregulated in pancreatic cancer tumor tissues, in
contrast with para-carcinoma non-tumor tissues (**P < 0.01, tumor vs
control group).

3.2. RAP1A is upregulated in pancreatic cancer tumor tissues

As demonstrated in Fig. 2A, the mRNA expression level of RAP1A
was significantly upregulated in pancreatic cancer tumor tissues, com-
pared with para-carcinoma non-tumor tissues (**P < 0.01, tumor vs
control group). Meanwhile, the protein results in Fig. 2B and C pre-
sented the similar trend of variation as well (**P < 0.01, tumor vs
control group).

3.3. miR-142-5p negatively correlates with RAP1A

As demonstrated in Fig. 3, the expression of miR-142-5p was ne-
gatively correlated with the expression of RAP1A (r = -0.5817,
p=0.3384).

Fig. 5. Transfection efficiency of miR-142-5p.
(A) The expression level of miR-142-5p in different groups. (B) The mRNA expression level of RAP1A after transfected with miR-142-5p mimic. (C) One of the protein
expression level of RAP1A after transfected with miR-142-5p mimic. (D) The protein expression level of RAP1A after transfected with miR-142-5p mimic (N=3).
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3.4. RAP1A is a downstream target of miR-142-5p

As demonstrated in Fig. 4A, the 3′-UTR of RAP1A contained the
binding sequences of miR-142-5p. Furthermore, the miR-142-5p mimic
prominently decreased the luciferase activity in the WT group, in
contrast with that in the NC group (Fig. 4B); whereas, there was no
significant difference between in the mutant groups (**P < 0.01,
mimic vs NC group).

3.5. Transfection efficiency of miR-142-5p

As demonstrated in Fig. 5A, the expression level of miR-142-5p was
markedly increased in miR-142-5p mimic group, as compared with NC
group (**P < 0.01, mimic vs NC group); while there was no variation
between NC and control group.

Moreover, after transfection with miR-142-5p mimic and NC, the
expression level of RAP1A was detected accordingly. As demonstrated
in Fig. 5B, the mRNA expression level of RAP1A was markedly de-
creased in miR-142-5p mimic group, in contrast with NC group
(**P < 0.01, mimic vs NC group); while there was no significant dif-
ference between NC and control group. Meanwhile, the protein results
in Fig. 5C and D presented the same trend of variation as well
(**P < 0.01, mimic vs NC group).

3.6. Transfection efficiency of RAP1A

After transfection with pc DNA3.1 or pcDNA3.1-RAP1A, the mRNA
expression levels of RAP1A was detected accordingly. As demonstrated
in Fig. 6A, the expression level of RAP1A was prominently increased in
the pcDNA3.1-RAP1A group, compared with pcDNA3.1 and control
group (**P < 0.01, RAP1A vs pcDNA3.1 group). Meanwhile, the pro-
tein results of RAP1A in Fig. 6B and C presented the similar trend of
variation as well (**P < 0.01, RAP1A vs pcDNA3.1 group).

3.7. miR-142-5p significantly decreases pancreatic cancer cell viability

As demonstrated in Fig. 7, cell viability was reduced in miR-142-5p
mimic group compared with NC and control group, whereas there was
no significant difference between NC and control group (**P < 0.01,
mimic vs NC group). Meanwhile, the variation of cell viability induced
by transfected with miR-142-5p mimic could be revered by co-trans-
fected with pcDNA3.1-RAP1A (##P < 0.01, mimic+RAP1A vs mimic
group).

3.8. miR-142-5p significantly promotes pancreatic cancer cell apoptosis

As demonstrated in Fig. 8A–E, cell apoptosis was increased in miR-
142-5p mimic group compared with NC and control group, whereas
there was no significant difference between NC and control group
(**P < 0.01, mimic vs NC group). Meanwhile, the variation of cell
apoptosis induced by transfected with miR-142-5p mimic could be re-
versed by co-transfected with pcDNA3.1-RAP1A (##P < 0.01,
mimic+RAP1A vs mimic group).

Fig. 6. Transfection efficiency of RAP1A.
(A) The mRNA expression level of RAP1A in different groups. (B) One of the
protein expression level of RAP1A in different groups. (C) The protein expres-
sion level of RAP1A in different groups (N=3).

Fig. 7. miR-142-5p significantly decreases pancreatic cancer cell proliferation.
Pancreatic cell viability in different groups was determined by CCK-8 assay.
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3.9. miR-142-5p regulates pancreatic cancer cell proliferation and
apoptosis through MAPK signaling pathway

As demonstrated in Fig. 9A and B, transfection with miR-142-5p
mimic could inhibit p-ERK1/2, phosphate p38 mitogen-activated pro-
tein kinases (p-p38); however, the variation induced by miR-142-5p
mimic could be reversed by co-transfected with pcDNA3.1-RAP1A
(**P < 0.01, mimic vs NC group; ##P < 0.01, mimic+RAP1A vs
mimic group). Collectively, miR-142-5p could regulate cell prolifera-
tion and apoptosis by inhibition of MAPK signaling pathway.

4. Discussion

microRNAs are small, non-coding RNA molecules involved in reg-
ulating cell proliferation, apoptosis, differentiation, invasion and mi-
gration in cancer progression [18–20]. Accumulating evidence has
suggested that microRNAs act either as oncogenes or tumor suppressor
genes in pancreatic cancer [21,22]. A previous study revealed that miR-
142-5p overexpression may inhibit pancreatic cancer growth [23].
Consistent with the previous study, in this study, our results revealed
that miR-142-5p was downregulated in pancreatic cancer tumor tissues.
Moreover, miR-142-5p overexpression was demonstrated to inhibit
pancreatic cancer cell proliferation but promote apoptosis, indicating
that miR-142-5p functioned as a tumor suppressor gene in pancreatic
cancer. As known, microRNAs regulate gene expressions by degrada-
tion of target mRNAs or suppressing of their translation. A previous

study demonstrated that RAP1A was a target gene of miR-142-5p in-
volved in neurotrophin-mediated cell survival [24]. Our study de-
monstrated that miR-142-5p negatively regulated RAP1A expression by
binding to the 3′UTR of RAP1A. After confirming that RAP1A was
upregulated in pancreatic cancer tissues, the results also demonstrated
that RAP1A could reverse the inhibition of pancreatic cell proliferation
and increased apoptosis induced by miR-142-5p mimic. Thus, miR-142-
5p may inhibit pancreatic cancer cell proliferation but promote apop-
tosis by targeting RAP1A, which may have potential therapeutic im-
plications concerning clinical treatment.

ERK1/2 and p38 belonging to of MAPK signaling pathway, are
important cellular protein kinases. Previous studies have reported that
MAPK signaling pathway is involved in regulating cell proliferation and
apoptosis [25–27]. The activation of ERK1/2 and p38 through phos-
phorylated forms in the regulation of cell growth and apoptosis [28,29].
In pancreatic cancer, the suppression of MAPK signaling pathway may
inhibit cell growth [30]. Meanwhile, a previous study has demonstrated
that overexpression of RAP1A is involved in regulating MAPK signaling
pathway by activation of p-ERK1/2 and p-p38 [31]. In the present
study, our data demonstrated that miR-142-5p inhibited the expression
levels of RAP1A, p-ERK1/2 and p-p38 in pancreatic cancer cells.

In conclusion, our study demonstrates that miR-142-5p inhibits
pancreatic cancer cell proliferation but promotes apoptosis by targeting
oncogene RAP1A through the MAPK signaling pathway, indicating that
targeting miR-142-5p may provide a novel strategy for the treatment of
pancreatic cancer.

Fig. 8. miR-142-5p significantly increases pancreatic cancer cell apoptosis.
(A) Control group; (B) NC group; (C) Mimic group; (D) Mimic+RAP1A group; (E) The corresponding results of A–D were presented.
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