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Abstract. MicroRNA (miR)-216a expression is significantly 
downregulated in human pancreatic cancer, however, the 
underlying mechanism remains unknown. In the present 
study, we aimed to identify and characterize the direct target 
gene and potential function of miR-216a in pancreatic cancer 
cells. Bioinformatics analysis and dual-luciferase reporter 
gene assay showed that Janus kinase 2 (JAK2) was a direct 
target gene of miR-216a. Quantitative polymerase chain reac-
tion and western blot analysis demonstrated that miR-216a 
decreased the mRNA and protein levels of JAK2 in pancre-
atic cancer cells. Phosphorylation of the signal transducer 
and activator of transcription 3 (STAT3) was also downregu-
lated by miR-216a, whereas the anti-miR-216a treatment had 
an opposite effect. Treatment of pancreatic cancer cells with 
miR-216a significantly inhibited cell growth and promoted 
cell apoptosis. In addition, the downstream genes of JAK2/
STAT3, survivin and X-linked inhibitor of apoptosis protein, 
which are anti‑apoptotic genes, were also decreased by 
miR-216a. Moreover, miR-216a overexpression markedly 
inhibited the JAK2/STAT3 signaling pathway and xenograft 
tumor growth in  vivo. Compared with miR-216a treat-
ment, anti-miR-216a treatment exhibited opposite effects 
throughout the entire experiment, confirming the inhibi-
tory effect of miR-216a on pancreatic cancer by regulating 
the JAK2/STAT3 signaling pathway. The results provided 
evidence that miR-216a targeting JAK2 negatively regulated 
the development of pancreatic cancer cells and may be used 
to develop a miRNA-based therapeutic strategy against 
pancreatic cancer.

Introduction

Pancreatic cancer is the fourth leading cause of cancer-
associated mortalities worldwide and is characterized by poor 
diagnosis and prognosis, and lack of efficient treatment (1). At 
the time of pancreatic cancer diagnosis, most of the patients 
have unresectable disease (2). Considerable efforts have been 
made to develop novel therapeutic treatments for this disease, 
but progress on this issue is limited. Application of gemcitabine 
alone or in combination with other chemotherapy drugs 
provides moderate benefit for survival, but is also accompanied 
by severe side-effects (3-6). Genetic screening of pancreatic 
cancer types determines various mutations in tumors, such as 
the most frequently mutated genes, including TP53, SMAD4 
and Kras (7,8). However, the therapeutic agents targeting these 
molecules have not achieved an optimum effect  (9). Thus, 
identifying new molecular mechanisms involved in pancreatic 
tumorigenesis is necessary to provide novel insights for devel-
oping new and potent therapeutic options.

In recent years, microRNAs (miRNAs) have been shown 
to be involved in the regulation of a variety of human 
diseases (10). miRNAs are a subset of small, non-coding and 
endogenous RNA of 18-24 nucleotides in length that regulate 
gene expression by directly targeting the 3'-untranslated 
region (UTR) of mRNA leading to translational inhibi-
tion (11,12). Recently, it was demonstrated that miRNAs are 
involved in a variety of cell processes, including apoptosis, 
proliferation and differentiation (10). Aberrant expression of 
miRNAs and their target genes have been identified in many 
cancer types, which are associated with oncogenesis and 
development (13). Aberrant expression of miRNAs is also 
found in pancreatic cancer (14). Findings of recent studies 
have shown that miR-216a, a member of the miR-216 family, 
is highly decreased in pancreatic cancer (15-17). However, the 
mechanism and function of miR‑216a in pancreatic cancer 
remains to be determined.

Janus kinase 2 (JAK2)/signal transducer and activator of 
transcription 3 (STAT3) signaling pathway were shown to 
be involved in various types of cancer, including pancreatic 
cancer (18). STAT3 is a latent cytosolic transcription factor that 
is phosphorylated by JAK2, leading to STAT3 dimerization 
and nuclear localization to activate downstream genes (19,20). 
The JAK2/STAT3 signaling pathway is involved in various 
cell processes, including proliferation and apoptosis, immune 
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evasion and resistance, as well as angiogenesis in various 
types of cancer (21-23). Targeting JAK2/STAT3 may provide 
novel insight for pancreatic cancer therapy, such as lestaurtinib 
and INCB-18424, which are used in clinical trials to act on 
JAK2 (24).

Using bioinformatic algorithms, we identified JAK2 as a 
putative target gene of miR-216a. Considering the decreased 
expression level of miR-216a in pancreatic cancer, the 
interaction between JAK2 and miR-216a may provide novel 
insights into the understanding of pancreatic cancer tumori-
genesis as well as developing new therapeutic approaches. In 
the present study, the dual luciferase report assay was applied 
to verify whether JAK2 was a direct target of miR-216a. The 
effect of miR-216a overexpression or silencing on JAK2 and 
the downstream gene protein expression was determined 
in pancreatic cancer cells. The effect of miR-216a on cell 
growth and apoptosis in vitro and in vivo was also inves-
tigated. Our results showed that miR-216a targeting JAK2 
negatively regulated pancreatic carcinogenesis, suggesting 
that miR-216a may be used as a potential target for the treat-
ment of pancreatic tumorigenesis.

Materials and methods

Animals and cell lines. BALB/c nude mice weighing 25-30 g 
were purchased from the Medical Experimental Animal 
Center (Guangdong, China) and raised under standard condi-
tions of room temperature and a dark-light cycle with free 
access to water. The animal experiments were approved 
and reviewed by the Institutional Animal Care and Use 
Committee of the China Medical University. The human 
Capan-2 and PANC-1 pancreatic cancer cell lines obtained 
from the Chinese Academy of Sciences (Shanghai, China) 
were cultured as per supplier's instructions. In brief, cells 
were grown in Dulbecco's modified Eagle's medium (DMEM; 
Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal 
bovine serum (Invitrogen) containing penicillin (100 U/ml) 
and streptomycin (100 mg/ml). Human embryonic kidney 
(HEK) 293 cells were cultured in DMEM supplemented with 
10% fetal bovine serum and penicillin/streptomycin. The cells 
were cultured in an incubator at 37˚C with 5% CO2.

Luciferase reporter assay. The JAK2 3'-UTR was amplified 
using the primers: JAK2 3'-UTR forward, 5'-CCGCTCGAG 
AAGAAATGACCTTCATTCTGAGACCA-3' and reverse, 
5'-AAGGAAAAAAGCGGCCGCTAAAGTAAGAAACTA 
TTTTCTTTTTAATCAA-3'. The mutated JAK2 3'-UTR was 
cloned using the primers: mut-JAK2 3'-UTR forward, 3'‑GTA 
TCTATTTGTGGTGAATGATCGATCTAAATGGAACTA 
TCTCCAAA-5' and reverse, 5'-TTTGGAGATAGTTCC 
ATTTAGATCGATCATTCACCACAAATAGATAC-3' with a 
site-directed mutagenesis kit (Haoran Bio, Shanghai, China), 
in which the miR-216a binding site AGAGATT was mutated to 
CTCGCTC. The PCR products were then sub-cloned into a 
pGL3 Luciferase Reporter Vector (Promega, Madison, WI, 
USA) downstream of the luciferase gene. To examine whether 
JAK2 was a target of miR-216a, HEK293 cells were seeded 
into 96-well plates and co-transfected with 100 ng pGL3 
vector containing JAK2 3'-UTR or mutated forms with or 
without 20 nmol/l miR-216a mimic (GenePharma, Shanghai, 

China) using Lipofectamine (Invitrogen). The transfected cells 
were cultured for 48 h, and luciferase activity was measured 
using the Dual-Luciferase Reporter assay system (Promega).

Quantitative polymerase chain reaction (RT-qPCR). For 
mRNA analysis, total RNA from cells was extracted using 
TRIzol (Invitrogen) according to the manufacturer's instruc-
tions. Complementary DNA was synthesized by using M-MLV 
reverse transcriptase (Clontech, Palo Alto, CA, USA) according 
to the standard protocol. miRVana kits (Ambion Inc., Austin, 
TX, USA) and the TaqMan microRNA Reverse Transcription 
kit (Applied Biosystems, Foster City, CA, USA) were used 
to measure miRNAs as per the manufacturer's instructions. 
Relative quantification of the gene expression was performed 
using the 2-ΔΔCt method as previously described  (25). U6 
(miRNA) or GAPDH (mRNA) was validated as the internal 
control.

Western blot analysis. Cell lysates from different experiments 
were prepared using RIPA buffer, and the protein concentra-
tion was measured using the Bradford assay. Protein (20 µg) 
was separated by 12% SDS-PAGE and transferred to nitro-
cellulose membranes (Amersham, Little Chalfont, UK). The 
membrane was then blocked with 2% non-fat dry milk at room 
temperature and incubated in primary antibodies at 4˚C over-
night. Anti-phospho-JAK2 (D4A8) antibody, anti-total JAK2 
(D2E12) antibody, anti-phospho-STAT3 (D3A7) and anti-total 
STAT3 (D3Z2G) at a 1:1,000 diltuion were purchased from 
Cell Signaling Technology (Danvers, MA, USA). Anti‑cleaved 
caspase-3 antibody at a 1:500 dilution, anti-survivin antibody 
at a 1:600 dilution, anti-XIAP antibodies at a 1:800 dilution and 
anti-GAPDH antibody at a 1:1,000 dilution were purchased 
from Santa Cruz Biotechnology, Inc. (Santa  Cruz, CA, 
USA). The membrane was subsequently incubated in perox-

Figure 1. miR-216a directly targets 3'-UTR of JAK2. (A) Alignment of the 
miR-216a, wild-type and mutated 3'-UTR of JAK2. (B) The interaction 
of miR-216a with 3'-UTR of JAK2 was determined by luciferase reporter 
assays. Cells were co-transfected with a reporter plasmid containing the 
wild-type (WT) or mutant versions of 3'-UTR of JAK2 in the presence of 
20 nmol/l miR-216a mimics or scramble miRNA, and incubated for 48 h. 
**P<0.01. JAK2, Janus kinase 2.
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idase‑conjugated secondary antibody (Boster Corporation, 
Wuhan, Hubei, China) at a 1:1,000 dilution for 1 h. The protein 
bands were visualized using an enhanced chemiluminescence 
detection system (Amersham).

Cell viability assay. Cell growth and viability were analyzed 
by an MTT assay according to standard protocols. Briefly, 
the cells were seeded in 96-well plates and miR-216a or 
anti‑miR‑216a mimic at a final concentration of 20 nmol/l was 
added and incubated for 24, 48, 72 and 96 h. The previously 
applied medium was discarded, and fresh medium containing 
MTT [5 mg/ml diluted in phosphate‑buffered saline (PBS)] 
was added and incubated for 4 h. Dimethyl sulfoxide was used 
to dissolve the formazan for 15 min. Absorbance at 490 nm 
was measured using an ELISA reader (BioTek, Winooski, VT, 
USA).

Apoptosis assay. Cell apoptosis was detected using 
Annexin  V/PI apoptosis kit (Invitrogen) according to the 
manufacturer's instructions. Briefly, the cells were harvested, 
washed with ice-cold PBS, and resuspended in binding 
buffer. Subsequently, the cells were incubated with 10 µl of 
Annexin V stock solution at 4˚C for 30 min. PI (5 µl) was then 
added and incubated for 5 min. The cells were analyzed by a 
FACS analyzer (BD Biosciences, San Jose, CA, USA).

Xenograft tumor growth. The PANC-1 pancreatic cancer cell 
line was transfected with lentiviral vectors containing miR-
216a or anti-miR-216a (GenePharma). The transfected cells 
(1x107) were suspended in PBS and injected subcutaneously 
into the left groin. The length and width of the tumor were 
measured every 5 days, and the volume was calculated as: 
length x width 2 x π/6. At 40 days after cell inoculation, the 
mice were anesthetized by subcutaneous injection of sodium 
pentobarbital (40 mg/kg). The tumor weight was assessed, 
and the total RNA and protein were extracted for subsequent 
analysis.

Statistical analysis. Data were presented as the means ± stan-
dard deviation (SD). Comparisons between two groups were 
determined by the Student's t-test, and among groups using 
one-way ANOVA followed by Bonferroni post-hoc test. P<0.05 
was considered to indicate a statistically significant result. 
The data were analyzed using SPSS version 11.5 (SPSS Inc., 
Chicago, IL, USA).

Results

JAK2 is a target gene of miR-216a. Previous studies demon-
strated that miR-216a was significantly downregulated in 
pancreatic cancer (15-17). However, the function of miR-216 
in pancreatic cancer remains to be determined. To investigate 
the biological role of miR-216a in pancreatic cancer, we used 
bioinformatic algorithms to screen the putative target. JAK2, 
which is involved in many cancer types, including pancreatic 
cancer, was found to be a target gene of miR-216a (Fig. 1A). 
To verify whether miR-216a regulated JAK2 expression by 
directly interacting with JAK2 mRNA, we cloned the 3'-UTR 
of human JKA2 downstream of the luciferase reporter gene in 
pGL3 plasmid. HEK293 cells were co-transfected with pGL3-

JAK2-3'-UTR and miR216a mimics. The results showed that 
miR216a mimics significantly (p<0.01) decreased the lucife
rase activity compared with the control, whereas miR216a 
mimics had no effect on the pGL3-mut-JAK2 3'-UTR trans-
fected cells (Fig. 1B). The results suggested that miR-216a 
directly bound to 3'-UTR of JAK2.

miR-216a downregulates JAK2 expression in pancreatic 
cancer cells. To verify the interaction of miR-216a with 
JAK2, pancreatic cancer cells were transfected with miR-216a 
mimics or anti-miR-216a mimics and the expression of JAK2 
was analyzed. The results showed that miR-216a significantly 
downregulated JAK2 mRNA levels, whereas anti-miR-216a 
markedly upregulated JAK2 mRNA levels in PANC-1 and 
Capan-2 cells  (Fig.  2A). These results were confirmed by 
the western blot analysis, which revealed that phosphory-
lated JAK2 and total JAK2 protein levels were decreased in 
miR-216a‑transfected pancreatic cancer cells. By contrast, 
anti-miR-216a increased phosphorylated JAK2 and total JAK2 
protein levels in anti-miR-216a‑transfected PANC-1 (Fig. 2B) 
and Capan-2 cells (Fig. 2C). The phosphorylation of STAT3, 
the downstream gene of JAK2, was also inhibited by miR-216a 
or increased by anti-miR-216a transfection, whereas the total 
levels of STAT3 were unaffected (Fig. 2B and C). These data 
indicated that miR-216a directly targeted JAK2 in pancreatic 
cancer cells.

miR-216a suppresses cell growth and viability in pancreatic 
cancer cells. Since JAK2 is directly targeted by miR-216a, 
we investigated next whether miR-216a is able to disturb the 
cell growth and viability of pancreatic cancer cells. Compared 
with the scramble miRNA-transfected group, miR-216a 
mimics significantly inhibited the cell growth and viability of 
PANC1 cells, whereas anti-miR-216a markedly enhanced cell 
growth and viability (Fig. 3A). The same effect was observed 
in Capan-2 cells (Fig. 3B).

miR-216a facilitates cell apoptosis of pancreatic cancer 
cells. To determine whether miR-216a was involved in the 
progression of pancreatic cancer, we assessed its effect on cell 
apoptosis. Fig. 4A shows that miR-216a significantly increased 
apoptosis of PANC-1 cells, whereas anti-216a inhibited cell 
apoptosis, compared with the control group  (Fig.  4A). To 
verify the inhibitory effect of miR‑216a on cell apoptosis, we 
measured the expression alterations of survivin and XIAP, the 
downstream gene of JAK2/STAT3 that inhibited cell apop-
tosis. The western blot analysis demonstrated that miR‑216a 
transfection downregulated the protein expression levels of 
survivin and XIAP, which were enhanced by anti-miR-216a 
transfection. The pro-apoptotic protein cleaved caspase-3 was 
also increased by miR-216a transfection and decreased by 
anti-miR-216a transfection (Fig. 4B).

miR-216a represses xenograft tumor growth in vivo. To gain 
insight into the effect of miR-216a on pancreatic cancer, we 
inoculated LV-miR-216a-infected PANC-1 cells into nude mice 
and measured the effect of miR-216a expression on xenograft 
tumor growth. We initially detected the expression of miR-216a 
in xenograft tumor tissues. The results showed that LV-miR-
216a-infected cancer cells exhibited an increase of miR-216a 
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Figure 3. Effect of miR-216a on the cell growth and viability of pancreatic cancer cells. MTT assay was performed to determine the effect of miR-216a on 
the cell growth and viability of (A) PANC-1 and (B) Capan-2 cells. Pancreatic cancer cells were transfected with scramble miRNA, miRNA-216a mimics  or 
anti-miRNA-216a mimics for 24, 48, 72 and 96 h. Data are presented as mean ± SD for three independent experiments (**p<0.01 and *p<0.05).

Figure 4. Effect of miR-216a on cell apoptosis. (A) Apoptotic cells were detected by Annexin V/PI assay. PANC-1 cells were transfected with miR‑216a or 
anti-miR-216a mimics for 48 h. (B) Western blot analysis was used to determine the apoptotic‑associated protein expression levels with indicated antibodies.

Figure 2. Effect of miR-216a on JAK2 expression in pancreatic cancer cells. (A) RT-qPCR was performed to detect the mRNA levels of JAK2 in pancreatic 
cancer cells. PANC-1 and Capan-2 cells were transfected with miR-216a or anti-216a mimics at a final concentration of 20 nmol/l and incubated for 48 h. 
Untreated cells or cells transfected with scramble miRNA served as the control (**p<0.01 and *p<0.05). Western blot analysis was performed to detect protein 
expression levels with indicated antibodies in miR-216a or anti-216a mimics transfected with (B) PANC-1 or (C) Capan-2 cells. JAK2, Janus kinase 2.
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levels in xenograft tumor tissues, whereas a significant decrease 
of miR-216a levels was observed in the LV-anti-miR-216a-
treated group (Fig. 5A). We determined whether miR-216a 
overexpression or silencing affects xenograft tumor growth. 
LV-miR-216a markedly decreased xenograft tumor growth, 
including tumor volume and weight (Fig. 5B and C), whereas 
LV-anti-miR-216a significantly increased xenograft tumor 
growth compared with the control group. Western blot analysis 
revealed that the phosphorylated JAK2 and total JAK2 protein 
levels were decreased in the LV-miR-216a xenograft tumor, 
whereas phosphorylated JAK2 and total JAK2 protein levels 
were increased in LV-anti-miR-216a xenograft tumor. The 
phosphorylation of STAT3, the downstream gene of JAK2, was 
also significantly downregulated in the LV‑miR‑216a xenograft 
tumor and upregulated in the LV-anti-miR-216a xenograft 
tumor. However, LV-miR-216a or LV-anti-miR-216a exhibited 
no effect of total STAT3 (Fig. 5D). These results confirmed the 
tumor-suppressor activity of miR-216a on pancreatic cancer 
cell growth by targeting and regulating JAK2.

Discussion

Previous studies have demonstrated that the expression of 
miR-216a is significantly decreased in pancreatic cancer 
patients  (15) or a murine model of pancreatic cancer (26). 
Link et al suggested that miR-216a downregulation in feces 
may be used as fecal miRNA biomarkers for pancreatic 
cancer (16). Decreased miR‑216a expression is also verified in 
pancreatic intraepithelial neoplasms (17). The abovementioned 
studies suggest that miR-216a may be used as a diagnostic 

marker and as a target for pancreatic cancer. However, the 
potential precise mechanism of miR-216a in regulating 
pancreatic cancer remains to be determined. To the best of our 
knowledge, the present study is the first to provide evidence 
that miR-216a regulates pancreatic cancer by directly targeting 
3'-UTR of JAK2.

miR-216a is a member of the miR-216 family, which 
is widely conserved in many species (27). The function of 
miR‑216a is not well delineated. miR-216a together with 
miR-217 is induced by transforming growth factor-β target 
phosphatase and tensin homologue, leading to Akt activation in 
glomerular mesangial cells in kidney disorders (28). miR‑216a 
targets YB-1, which mediates Tsc-22 post-transcriptional 
regulation, having an important function in the pathogenesis of 
diabetic nephropathy (29). Jeyapalan et al found that miR-216 
suppresses tumorigenesis and angiogenesis by targeting 
3'-UTR of CD44 (27). In early hepatocarcinogenesis, miR-
216a, elevated by the androgen pathway, inhibits the tumor 
suppressor in lung cancer-1 (30). Increased miR-216a level is 
considered a biomarker of pancreatitis (31,32). Thus, miR-216a 
apparently has a wide biological effect on different conditions.

In the present study, we identified that miR-216a interacted 
with JAK2 to negatively regulate pancreatic cancer. Forced 
expression of miR-216a significantly inhibited cell growth 
and promoted the cell apoptosis of pancreatic cancer cells. 
The JAK2/STAT3 signaling pathway was markedly disturbed 
by miR-216a. The aberrant activation of the JAK2/STAT3 
signaling pathway is considered to be extensively involved 
in tumorigenesis (33). In recent years, the JAK2V617F muta-
tion has been found to be involved in myeloproliferative 

Figure 5. Effect of miR-216a on pancreatic cancer in vivo. (A) RT-qPCR was performed to determine the expression levels of miR-216a in xenograft tumor 
tissues. (B) Tumor volumes of each group were measured every five days during the tumor growth process. (C) Tumor weight was measured from the xenograft 
model. Cells were infected with LV-scramble, LV-miR-216a or LV-anti-miR-216a and inoculated into nude mice. At 40 days after cell inoculation, xenograft 
tumor was isolated. The weight was measured and the protein and total RNA were extracted for (D) the western blot analysis. *P<0.05 and **p<0.01.
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disorders, in which the 617th amino acid mutation leads to 
the sustained activation of JAK2 and STAT3 (34). Disruption 
of JAK2/STAT3 leads to the inhibition of gastric carcino-
genesis  (35). The JAK2/STAT3 signaling pathway is also 
involved in pancreatic cancer. STAT3 is a critical factor in 
Kras-induced pancreatic cancers (36). Disruption of STAT3 in 
the transgenic pancreas profoundly suppresses the pancreatic 
metaplasia (37). NADPH oxidase promotes pancreatic cancer 
by maintaining the sustained phosphorylation of JAK2 by 
tyrosine phosphatases  (38). Inhibition of JAK2 and Notch 
together has a better effect than single inhibitions on pancreatic 
cell progression (39). Activated STAT3 induces the elevation 
of anti-apoptotic genes (40,41). In the present study, we found 
that miR-216a inhibited the phosphorylation of STAT3, and 
the downstream anti-apoptotic genes survivin and XIAP were 
downregulated, leading to the apoptosis of pancreatic cancer 
cells. Thus, targeting JAK2/STAT3 has potential for the treat-
ment of pancreatic cancer.

Application of miRNAs in the treatment of cancer has 
achieved convincing antitumor effects in animal models (42). 
An increasing number of studies have been performed to 
develop potential miRNAs in the treatment of pancreatic 
cancer. miR-219-1-3p is a negative regulator of the mucin 
MUC4 expression and inhibits the progression of pancreatic 
cancer (43). miRNA-141 exerts an inhibitory effect on cell 
proliferation and invasion by directly targeting MAP4K4 (44). 
Miao  et  al revealed that miR-203 suppresses cancer cell 
migration and invasion by targeting caveolin-1 in pancreatic 
cancer (45). More recently, miR-196a has been found to bind 
nuclear factor κ-B-inhibitor α to facilitate pancreatic cancer 
progression  (46). miR let-7 blocks STAT3 activation by 
JAK2 by increasing SOCS3 expression in pancreatic cancer 
cells  (47). miR-375 significantly downregulates in pancre-
atic cancer (48) targeting JAK2/STAT3 to suppress gastric 
carcinogenesis (35), suggesting an inhibitory role of miR-375 
on JAK2 in pancreatic cancer cells. In the present study, we 
provided evidence that miR-216a, which is frequently down-
regulated in pancreatic cancer, directly targeted JAK2 to 
inhibit pancreatic cancer growth in vitro and in vivo. A recent 
study has demonstrated that miR-216a targeting beclin 1, an 
autophagy-related gene, inhibits cell autophagy in endothelial 
cells, suggesting a potential function in the pathogenesis in 
cardiovascular disorders (49). More investigations are required 
to determine whether miR-216a is associated with autophagy 
in pancreatic cancer cells due to the important function of 
autophagy in pancreatic cancer development (50).

In summary, to the best of our knowledge, this is the first 
study to demonstrate the direct interaction between miR-216a 
and JAK2, and the regulation effect of miR-216a on JAK2 in 
pancreatic cancer cells. Considering the tumorigenic function 
of JAK2 in pancreatic cancer, targeting JAK2/STAT3 signaling 
pathway by miR-126a provides novel insight for the develop-
ment of useful therapeutic strategy against pancreatic cancer.
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