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Abstract. Pancreatic cancer (PC) is a common malignancy 
with a poorly understood pathogenesis. Currently, the effi-
cacy of anti‑PC therapies is insufficient, partially due to the 
chemoresistance of cancer cells. The present study aimed to 
elucidate the role of miR‑183 in the proliferation, apoptosis, 
and chemosensitivity to 5‑fluorouracil and gemcitabine of 
human PC cells and the associated mechanisms. PANC‑1 
cells were transfected with microRNA (miR)‑183 inhibitors, 
and the effect of miR‑183 on cell proliferation was evaluated 
via MTT assay. Apoptosis and cell cycle distribution were 
determined by flow cytometry. In  vivo tumor xenograft 
models of PANC‑1 cells were generated in BALB/c nude mice 
to examine the effect of miR‑183 downregulation on tumor 
growth. Furthermore, components of the phosphatase and 
tensin homolog deleted on chromosome ten (PTEN)/phos-
phoinositide 3‑kinase (PI3K)/protein kinase B (Akt) signaling 
pathway were examined via reverse transcription‑quantitative 
polymerase chain reaction and western blotting in the collected 
cells. Finally, PANC‑1 cells were treated with 5‑fluorouracil or 
gemcitabine and transfected with miR‑183 inhibitors, and the 
viability of cells was determined by MTT assay. The results 
demonstrated that knockdown of miR‑183 could significantly 
decrease proliferation and promote apoptosis of PANC‑1 cells. 
The cells transfected with miR‑183 inhibitors were signifi-
cantly arrested at the G1 phase (P<0.01). Furthermore, miR‑183 
downregulation led to significant decreases in the mRNA 
levels of PI3K, Akt and B cell lymphoma‑2 (Bcl‑2) expres-
sion (P<0.001), and significant increases in PTEN and Bcl‑2 
associated X protein expression in PANC‑1 cells (P<0.001). 
Knockdown of miR‑183 was able to significantly increase 
the chemosensitivity of PANC‑1 cells to 5‑fluorouracil and 

gemcitabine. These results indicate that downregulation of 
miR‑183 can inhibit the growth of PC cells in vitro and in vivo, 
and increase cell sensitivity to 5‑fluorouracil and gemcitabine 
through regulating the PTEN/PI3K/Akt signaling pathway.

Introduction

Pancreatic cancer (PC) is a common aggressive malignancy, 
and one of the leading causes of cancer‑related mortality (1). 
Based on previous reports, >227,000 deaths are caused by PC 
worldwide each year (2). At present, the pathogenesis of PC 
has remained unclear, and the prognosis continues to be poor 
(5‑year survival rate, <2%) (3). Gemcitabine and 5‑fluorouracil 
are the most commonly used anti‑PC agents; however, the 
efficacy of current anti‑PC therapies remains unsatisfactory, 
in part due to the chemoresistance of cancer cells (4). Previous 
studies have indicated that genetics may serve important roles 
in the tumorigenesis of PC, through the activation of oncogenes 
and the silencing of tumor‑suppressor genes (5‑7). Therefore, 
it is essential to identify key molecules associated with the 
pathogenesis of PC that may serve as potential therapeutic 
targets.

In recent years, the roles of microRNAs (miRNA or miRs) 
in cancer have been investigated intensively. miRNAs are 
small, non‑coding RNAs (~22 nucleotides) that can bind to the 
3'‑untranslated region (UTR) of one or more target genes and 
negatively regulate the expression of those genes (8). Aberrant 
expression of miRNAs has been observed in tissue and serum 
samples from PC patients, as well as PC cell lines, suggesting 
that miRNAs may participate in the pathogenesis of PC (9‑13).

miR‑183 has been reported to have important roles in many 
types of cancer. Previous studies demonstrated that miR‑183 
may participate in various cellular and molecular events 
during the process of tumorigenesis and development (14‑16). 
miR‑183 has been demonstrated to be aberrantly expressed in 
human breast cancer, colorectal cancer and esophageal cancer, 
and the role of miR‑183 either as a tumor‑suppressor or an 
oncomiR has been discussed previously (17‑20). A previous 
study demonstrated that miR‑183 was overexpressed in breast 
cancer, and that it participated in the processes of cancer devel-
opment through promoting the proliferation and metastasis of 
cancer cells (17); conversely, in cervical cancer, miR‑183 has 
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been reported as a tumor‑suppressor that may inhibit the inva-
sion and metastasis of cancer cells (21).

It has been reported that the expression of miR‑183 is 
upregulated in PC (22); however, the biological characteris-
tics and targets of miR‑183 are not well understood. In the 
present study, the role of miR‑183 in PC was explored, paying 
special attention to the effects of miR‑183 on cancer cell 
proliferation, apoptosis, and chemosensitivity to 5‑fluorouracil 
and gemcitabine in the human pancreatic carcinoma cell line 
PANC‑1.

Materials and methods

Cell lines. The human normal pancreatic cell line H6C7 was 
purchased from GuangZhou Jennio Biological Technology 
Co., Ltd. (Guangzhou, China), and cultured in keratinocyte 
serum‑free medium (Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (FBS). The human pancreatic carcinoma cell line 
PANC‑1 was purchased from Shanghai Meixuan Biological 
Technology Ltd. (Shanghai, China), and cultured in Dulbecco's 
modified Eagle's medium (Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10% FBS. Cultures were maintained 
in a humidified atmosphere at 37˚C with 5% CO2. H6C7 cells 
were used to determine the miR‑183 expression in normal 
pancreatic cells and PANC‑1 cells were used in all other 
experiments.

Cell transfection. The miR‑183 inhibitor (5'‑AGU​GAA​UUC​
UAC​CAG​UCC​CAU​A‑3') and inhibitor control (5'‑CAG​
UAC​UUU​UGU​GUA​GUA​CAA‑3')  (22) were purchased 
from Shanghai GenePharma Co., Ltd. (Shanghai, China). 
Transfections were performed using Lipofectamine® 
RNAiMAX transfection reagent (Invitrogen; Thermo Fisher 
scientific, Inc., Waltham, MA, USA) according to the manufac-
turer's instructions. Further analyses were performed following 
a 48‑h incubation at 37˚C with 5% CO2. PANC‑1 cells were 
divided into the following three groups: Untransfected (NC), 
cells transfected with inhibitor control, and cells transfected 
with miR‑183 inhibitor.

Cell proliferation assay. Cell proliferation was determined 
using an MTT Cell Proliferation and Cytotoxicity Assay 
kit (Beyotime Institute of Biotechnology, Haimen, China) 
48 h following transfection, according to the manufacturer's 
protocol. DMSO was used to dissolve the purple formazan in 
cells, which was measured at a wavelength of 490 nm using a 
SynergyTM 2 Multi‑function Microplate spectrophotometer 
(BioTek Instruments, Inc., Winooski, VT, USA). Representative 
images of the MTT assay were captured using an inverted 
microscope (CKX31; Olympus Corporation, Tokyo, Japan; 
magnification, x100).

Cell apoptosis. Cells were stained using an Annexin V/Propidium 
Iodide (PI) Apoptosis Detection Kit (BD Biosciences, Franklin 
Lakes, NJ, USA) 48  h following transfection. The cells 
were seeded into 6‑well plates (4x105 cells/well). Following 
transfection, the cells were collected, washed with PBS, and 
resuspended in 500 µl HEPES buffer solution (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany). Subsequently, 5  µl 

Annexin V‑FITC and 5 µl PI were added to the buffer and 
incubated at room temperature for 15 min in the dark. The 
apoptosis rate was analyzed using a FACSVerse™ flow 
cytometer with the FACSCanto II FACP Array™ software 
(version 3.0; BD Biosciences).

Cell cycle assay. The cell cycle assay was performed using 
the Cell Cycle and Apoptosis Analysis kit (Beyotime 
Institute of Biotechnology). Cells were seeded into 6‑well 
plates (4x105 cells/well). Following transfection, the cells 
were collected and washed with PBS. Subsequently, 100 µl 
RNase A solution was added, then the cells were incubated 
at 37˚C for 30 min. Finally, 400 µl PI was added and incu-
bated at room temperature for 30 min. The DNA content 
was detected with a FACSVerse™ flow cytometer with 
FACSCanto  II; FACP Array™ software (version 3.0; BD 
Biosciences).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Total RNA samples from the cells were 
isolated using TRIzol® reagent (Life Technologies; Thermo 
Fisher Scientific, Inc.) according to the manufacturer's 
protocol. The expression of miR‑183 was quantified using 
a Maxima® SYBR Green/ROX qPCR Master Mix (2X; 
Thermo Fisher Scientific, Inc.), with U6 as the internal 
control. The expression levels of phosphoinositide 3‑kinase 
(PI3K), serine/threonine‑protein kinase B (Akt), phosphatase 
and tensin homolog deleted on chromosome ten (PTEN), 
B cell lymphoma‑2 (Bcl‑2) and Bcl‑2 associated X protein 
(Bax) were determined by performing RT with a Revert Aid 
First Strand cDNA Synthesis kit (Thermo Fisher Scientific, 
Inc.) and qPCR analysis using a StepOne™ Real‑Time PCR 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. GAPDH was 
applied as the internal control. The sequences of the primers 
used were as follows: miR‑183, forward 5'‑CGG​TAT​GGC​
ACT​GGT​AGA​ATT​CAC​T‑3' and reverse, 5'‑GCT​TTC​CAA​
TGC​ACT​GAC​CAT​T‑3'; U6, forward 5'‑CTC​GCT​TCG​GCA​
GCA​CA‑3' and reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​
GT‑3'; PI3K forward, 5'‑TAT​TTG​GAC​TTT​GCG​ACA​AGA​
CT‑3' and reverse, 5'‑TCGAACGTACTGGTCTGGATAG‑3'; 
Akt forward, 5'‑TCC​TCC​TCA​AGA​ATG​ATG​GCA‑3' 
and, reverse 5'‑GTG​CGT​TCG​ATG​ACA​GTG​GT‑3'; PTEN 
forward, 5'‑TTT​GAA​GAC​CAT​AAC​CCA​CCA​C‑3' and 
reverse, 5'‑ATT​ACA​CCA​GTT​CGT​CCC​TTT​C‑3'; Bcl‑2 
forward, 5'‑GGT​GGG​GTC​ATG​TGT​GTG​G‑3' and reverse, 
5'‑CGG​TTC​AGG​TAC​TCA​GTC​ATC​C‑3'; Bax forward, 
5'‑CCC​GAG​AGG​TCT​TTT​TCC​GAG‑3' and reverse, 5'‑CCA​
GCC​CAT​GAT​GGT​TCT​GAT‑3'; and GAPDH forward, 
5'‑GGA​GCG​AGA​TCC​CTC​CAA​AAT‑3' and reverse, 
5'‑GGC​TGT​TGT​CAT​ACT​TCT​CAT​GG‑3'. The thermocy-
cling conditions were as follows: Initial denaturation at 95˚C 
for 2 min; denaturation at 95˚C for 30 sec; annealing at 59˚C 
for 45 sec and elongation at 72˚C for 60 sec for 30 cycles, 
followed by elongation at 72˚C for 7 min.

Western blot analysis. Total cell protein was extracted using 
a radioimmunoprecipitation assay lysis buffer (Cell Signaling 
Technology, Inc., Danvers, MA, USA) according to the 
manufacturer's protocol. The concentration of protein was 
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determined using a BCA Protein Assay kit (Pierce; Thermo 
Fisher Scientific, Inc.). Equal amounts of protein (30 µg/lane) 
were separated using 10% SDS‑PAGE and transferred 
to polyvinylidene fluoride membranes (EMD Millipore, 
Billerica, MA, USA). The membranes were then blocked with 
5% non‑fat milk at 4˚C for 2 h, and incubated overnight at 
4˚C with primary antibodies (anti‑PI3K, 1:1,000, ab151549; 
anti‑Akt, 1:10,000, ab179463; anti‑PTEN, 1:10,000, ab32199; 
anti‑Bcl‑2 1:1,000, ab32124; anti‑Bax, 1:5,000, ab32503; and 
anti‑β‑actin, 1:200, ab115777; all purchased from Abcam, 
Cambridge, MA, USA). The following day, the membranes 
were washed and incubated at room temperature with the 
horseradish peroxidase‑conjugated secondary antibody 
(1:1,000; A0208; Beyotime Institute of Biotechnology) for 
45 min. Finally, membranes were incubated with BeyoECL 
Plus (Beyotime Institute of Biotechnology), and detected using 
a ChemiDoc™ XRS+imaging system (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA). ‑actin was applied as the internal 
control.

Gemcitabine and 5‑fluorouracil chemosensitivity assay. 
PANC‑1 cells were treated with various concentrations of 
gemcitabine (0.01, 0.1, 1, 10 and 100 µM; cat. no. 95058‑81‑4; 
Shanghai Xinyu Biotechnology Pharmaceutical Co., Ltd., 
Shanghai, China) or 5‑fluorouracil (0.01, 0.1, 1, 10 and 100 µM; 
cat. no. 51‑21‑8; WuHan Dong Kang Yuan Technology Co., 
Ltd., Wuhan, China) at 37˚C with 5% CO2 for 1.5 h, and the 
percentage of viable cells was determined using an MTT 
assay, as aforementioned.

In  vivo tumor xenograft model. In  vivo tumor xenograft 
assays were conducted using 4‑6‑week‑old male BALB/c 
nude mice (weight, 15‑20 g) purchased from the Animal 
Center of Nanjing Medical University (Nanjing, China). 
All animal research protocols were approved by the 
Institutional Animal Care and Use Committee at Shanghai 
Pudong Hospital (Pudong, China). The mice were randomly 
divided into three groups (5 per group) and maintained in a 
pathogen‑free environmentally controlled room (temperature, 
22˚C±2˚C; humidity, 50‑65%; 12 h light/dark cycle) with 
free access to standard animal feed and filtered tap water for 
7 days to acclimatize to their new environment. Subsequently, 
PANC‑1 cells (untransfected or transfected with the miR‑183 
inhibitor or inhibitor control) were subcutaneously injected 
into separate nude mice (5x106 cells per mouse), who still 
received free access to food and water during the experiment. 
All mice were euthanized at 30 days following injection and 
tumor sizes were measured. Tumor size was calculated using 
the following equation: Tumor volume=tumor length x tumor 
width x tumor height/2. Tumor weight was measured using 
a Sartorius Electronic Balance (Suzhou Science Instrument 
Co., Ltd., Suzhou, China).

Dual‑luciferase reporter assay. To assess potential 
miR‑183‑related target genes, the miRanda database (www.
microrna.org) was used to predict possible targets. The 
results revealed that PTEN was a potential target of miR‑183. 
To confirm this prediction, the luciferase activity assay was 
performed in 96‑well plates. The pmirGLO plasmid was 
obtained from Promega Corporation (Madison WI, USA). 

PANC‑1 cells were co‑transfected with PTEN 3'UTR 
pmirGLO plasmid (containing wild‑type or mutant PTEN 
3'UTRs; Guangzhou RiboBio Co., Ltd., Guangzhou, China) 
and a miR‑183 inhibitor or inhibitor control (NC) vector using 
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. 
The 3'UTR‑wild type (WT) comprised PANC‑1 cells 
containing the wild‑type PTEN 3'UTR pmirGLO plasmid. 
The 3'UTR‑mutant (MUT) group comprised PANC‑1 cells 
containing the mutant PTEN 3'UTR pmirGLO plasmid. 
As a control, the vector containing Renilla luciferase was 
co‑transfected for normalization. At 48 h following transfec-
tion, firefly and Renilla luciferase were assayed using the 
Dual‑Luciferase Reporter System (Promega Corporation) 
according to the manufacturer's instructions. The relative 
luciferase activity was reported following the normalization 
of firefly luminescence to that of Renilla.

If the miR‑183 seed sequence was matched to the PTEN 
3'UTR, then the miR‑183 seed sequence had activated the 
PTEN 3'UTR to decrease the expression of the luciferase 
gene. The decreased luciferase reacted with the substrate 
to produce a weak fluorescence, which was detected by the 
Dual‑Luciferase Reporter System to demonstrate that the 
miR‑183 seed sequence could matched the PTEN 3'UTR.

Statistical analysis. All statistical analyses were performed 
using SPSS  19.0 (IBM Corp., Armonk, NY, USA). Data 
are presented as the mean ± standard deviation. Statistical 
significance was determined using a Student's t‑test between 
two groups of data sets. Comparisons among multiple groups 
were evaluated using one‑way analysis of variance followed 
by a post‑hoc LSD test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑183 is upregulated in PANC‑1 cells. RT‑qPCR was 
performed to examine the expression level of miR‑183 in PC 
cells. As presented in Fig. 1A, the expression of miR‑183 in 
PANC‑1 cells was significantly upregulated compared with 
that in H6C7 cells (P<0.01). These results indicated that 
miR‑183 may be a potential marker associated with PC.

miR‑183 knockdown inhibits cell proliferation in PANC‑1 
cells. To investigate the biological functions of miR‑183 
in PANC‑1 cell proliferation, apoptosis and cell cycle, 
which are associated with tumorigenesis, PANC‑1 cells 
were transfected with a miR‑183 inhibitor, and the effect 
on cell proliferation was evaluated using an MTT assay. 
As presented in Fig.  1B, miR‑183 expression was mark-
edly decreased in the miR‑183 inhibitor group compared 
with untransfected cells (P<0.01). As presented in Fig. 1C, 
compared with the untransfected cells, knockdown of 
miR‑183 induced a significant decrease in cell proliferation 
(P<0.001), thus suggesting that miR‑183 is a positive regu-
lator of PANC‑1 cell proliferation. As presented in Fig. 1D, 
the number of PANC‑1 cells was markedly decreased and 
the morphology was markedly altered, with the demolish-
ment of membrane‑cytoskeleton, when compared with 
untransfected cells.
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Knockdown of miR‑183 promotes apoptosis and affects the 
cell cycle of PANC‑1 cells in vitro. The role of miR‑183 in 
apoptosis and the cell cycle of PANC‑1 cells was evaluated 
using flow cytometry. As presented in Fig. 2A, cells transfected 
with miR‑183 inhibitors demonstrated a significant increase 
in cell apoptosis (P<0.01) compared with the untransfected 
group. Furthermore, compared with the untransfected cells, the 
percentage of cells in the G1 phase was significantly increased 
in the miR‑183 inhibitor‑transfected group (P<0.01; Fig. 2B).

Knockdown of miR‑183 delays tumor growth. To confirm the 
tumor growth inhibitory effects of miR‑183 downregulation, 
in vivo tumor xenograft models were generated by implanting 
PANC‑1 cells into nude mice. As presented in Fig. 3A, the 
tumor size in the miR‑183 inhibitor‑transfected group was 
markedly smaller than that in the untransfected group, which 
was consistent with the results of the cell proliferation assay. 
The tumor growth curve and results of tumor weight measure-
ment indicated that knockdown of miR‑183 significantly delays 
tumor growth (P<0.01; Fig. 3B).

miR‑183 may affect the PTEN/PI3K/Akt signaling pathway 
in PANC‑1 cells. The PI3K pathway is known to regulate 
metabolism, cell growth and cell survival (23). Therefore, to 
further explore the underlying mechanisms of the effects of 
miR‑183 on PANC‑1 cells, RT‑qPCR and western blot anal-
yses were performed to investigate the effect of miR‑183 on 
the PTEN/PI3K/Akt signaling pathway. As presented in Fig. 4, 
compared with untransfected cells, knockdown of miR‑183 
induced significant increases in the mRNA expression levels 
of PTEN and Bax, and significant decreases in the mRNA 
expression of PI3K, Akt and Bcl‑2 in PANC‑1 cells (P<0.001) 
(Fig. 4A‑E). Similar marked differences were observed at the 
protein level (Fig. 4F).

PTEN is a direct target of miR‑183. As presented in Fig. 5A, 
the miR‑183 seed sequence matched the PTEN 3'‑UTR. A 

dual‑luciferase reporter assay was performed to verify this. 
The results demonstrated that miR‑183 significantly inhibited 
the luciferase activity of the reporter containing the wild‑type 
PTEN 3'‑UTR compared with the control group (P<0.05) 
(Fig. 5B). No significant effect was observed in the cells trans-
fected with the reporter containing the mutant‑type 3'‑UTR of 
PTEN. These results indicated that PTEN is a direct target of 
miR‑183 in PANC‑1 cells.

Knockdown of miR‑183 increases the chemosensitivity 
PANC‑1 cells to 5‑fluorouracil and gemcitabine in  vitro. 
Finally, the effect of miR‑183 on chemosensitivity to 5‑fluo-
rouracil and gemcitabine in PANC‑1 cells was examined 
using an MTT assay. The findings indicated indicated that 
knockdown of miR‑183 significantly increased the chemosen-
sitivity of PANC‑1 cells to both 5‑fluorouracil and gemcitabine 
(P<0.05; Fig. 6).

Discussion

The roles of miR‑183 in PC have been discussed previously. 
Using a microarray assay, Yu et al (24) demonstrated that 
miR‑183 was upregulated in tissue samples from patients 
with pancreatic intraepithelial neoplasms, suggesting that 
miR‑183 may serve an important role in the pathogenesis of 
PC. Zhou et al (25) observed low expression of miR‑183 in 
pancreatic ductal adenocarcinoma (PDAC) tissue samples and 
cell lines, and the results indicated that miR‑183 levels were 
associated with the severity of the disease, as well as with the 
poor survival and prognosis of the patients. Furthermore, it 
was demonstrated that miR‑183 could affect the proliferation 
and apoptosis of PDAC cells through targeting B cell‑specific 
Moloney murine leukemia virus insertion site 1. Lu et al (26) 
reported that miR‑183 could regulate the proliferation, 
apoptosis and invasion of the PC cell line SW1990 through 
targeting PDCD4, which indicates that miR‑183 has the 
potential for use as a therapeutic target for PC treatment. In 

Figure 1. miR‑183 knockdown inhibits cell proliferation in pancreatic cancer cells. (A) Relative miR‑183 expression in H6C7 and PANC‑1 cells. (B) Relative 
miR‑183 expression in PANC‑1 cells following transfection. (C) Cell proliferation rate measured by an MTT assay. (D) Representative images of the MTT 
assay showing the effect of miR‑183 transfection on PANC‑1 cell proliferation (magnification, x100). **P<0.01 vs. NC and ***P<0.001 vs. NC. miR, microRNA; 
NC, untransfected group; BL, inhibitor control group; miRNA, miR‑183 inhibitor group.
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Figure 2. Knockdown of miR‑183 promotes apoptosis and arrests the cell cycle of PANC‑1 cells in vitro. (A) Effect of miR‑183 on cell apoptosis in PANC‑1 
cells. (B) Effect of miR‑183 on cell cycle in PANC‑1 cells. **P<0.01 vs. NC. miR, microRNA; NC, untransfected group; BL, inhibitor control group; miRNA, 
miR‑183 inhibitor group.
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a recent study, Miao et al (27) demonstrated that miR‑183‑5p 
could not only promote proliferation, invasion and metas-
tasis, but also inhibited the apoptosis of human pancreatic 
adenocarcinoma cells by downregulating the expression 
of suppressor of cytokine signaling 6. In the present study, 

PANC‑1 cells were transfected with miR‑183 inhibitors, and 
it was discovered that silencing miR‑183 induced a significant 
decrease in the proliferation, and a marked increase in the 
apoptosis of PANC‑1 cells; furthermore, transfection with 
miR‑183 inhibitors also resulted in a significant increase 

Figure 4. miR‑183 affects the PTEN/PI3K/Akt signaling pathway in PANC‑1 cells. mRNA levels of (A) PTEN, (B) PI3K, (C) Akt, (D) Bax and (E) Bcl‑2 
were assessed by reverse transcription‑quantitative polymerase chain reaction. (F) Protein levels were assessed by western blotting. ***P<0.001 vs. NC. miR, 
microRNA; PTEN, phosphatase and tensin homolog deleted on chromosome ten; PI3K, phosphoinositide 3‑kinase; Akt, protein kinase B; Bcl‑2, B cell 
lymphoma‑2; Bax, Bcl‑2 associated X protein; NC, untransfected group; BL, inhibitor control group; miRNA, miR‑183 inhibitor group.

Figure 3. Knockdown of miR‑183 delays tumor growth. (A) Representative photographs of dissected tumors in nude mice. (B) Tumor growth curve and tumor 
weights in different groups. **P<0.01 vs. NC. NC, untransfected group; BL, inhibitor control group; miRNA, microRNA‑183 inhibitor group.
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in the percentage of cells at the G1 phase. These results are 
consistent with previous findings, suggesting that miR‑183 
can regulate the proliferation, apoptosis and cell cycle of 
PANC‑1 cells in vitro.

The role of PTEN as a tumor‑suppressor has been well inves-
tigated. Previous findings suggested that PTEN is downregulated 
in pancreatic cancer, colon cancer and hepatocellular carcinoma, 
and PTEN has been presented to regulate the proliferation, 
apoptosis, migration and invasion of cancer cells, including PC 
cells (28‑31). PI3K and Akt are downstream kinases of PTEN. 
In cancer, the downregulation of PTEN leads to activation of 
the PI3K/Akt signaling pathway, which can partially contribute 
to the genesis and development of tumors  (32‑34). Results 
from previous studies suggested that miRNAs can regulate the 
proliferation and apoptosis of cancer cells through targeting 
PTEN/PI3K/Akt signaling (32‑34). In the present study, it was 
initially demonstrated that knockdown of miR‑183 induced 
increases in the expression of PTEN and Bax, and decreases 
in the expression of PI3K, Akt and Bcl‑2 in PANC‑1 cells at 
both the mRNA and protein levels, as compared with untrans-
fected cells. These results indicated that miR‑183 can affect the 
PTEN/PI3K/Akt signaling pathway in PANC‑1 cells.

At present, chemotherapeutic agents for treating PC 
are limited. The most common anti‑PC drugs are the 
DNA‑damaging compounds 5‑fluorouracil and gemcitabine. 
However, patients may develop drug resistance over the course 
of such therapies, leading to unsatisfactory efficacy (35,36). 
In recent years, the roles of miRNAs in regulating the drug 
sensitivity of PC cells have been investigated. Ma et al (37) 
recently reported that miR‑223 can regulate the epithe-
lial‑mesenchymal transition in gemcitabine‑resistant PC cells; 
Liang et al (38) demonstrated that miR‑33a can enhance the 
gemcitabine sensitivity of human PC cells through suppressing 
the nuclear translocation of β‑catenin; Wei et al (39) reported 
that overexpression of miR‑21 in human PC cells may increase 

5‑fluorouracil resistance by inhibiting the expression of PTEN 
and PDCD4; Wang et al (40) discovered that miR‑320a can 
increase chemoresistance by targeting PDCD4 in human PC 
cells. In the present study, an MTT assay was performed to 
investigate the role of miR‑183 in the chemosensitivity to 
5‑fluorouracil and gemcitabine of human PC cells. The present 
findings indicated that silencing miR‑183 could increase 
chemosensitivity to both 5‑fluorouracil and gemcitabine in 
PANC‑1 cells.

In conclusion, the results of the present study demonstrated 
that inhibition of miR‑183 decreased proliferation and promoted 
apoptosis in PANC‑1 cells, as well as enhanced the chemosensi-
tivity of the cells to 5‑fluorouracil and gemcitabine, via regulating 
the PTEN/PI3K/Akt signaling pathway. These findings suggest 
that the miR‑183 has potential to become a therapeutic target 
for the treatment of PC.
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*P<0.05 vs. NC. miR, microRNA; NC, untransfected group; BL, inhibitor 
control group; miRNA, miR‑183 inhibitor group.
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