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Abstract. Improvements in survival rates for pancreatic cancer 
have been slow and the morality rate continues to increase in 
patients. MicroRNA (miR)‑448 is reported to be significantly 
downregulated in several types of cancer. In this study, Rab2B 
is target of miR‑488 was confirmed by bioinformatics analysis 
and validated using a luciferase reporter assay. A total of 
72 cases of pancreatic cancer in patients diagnosed at The First 
Affiliated Hospital, School of Medicine, Zhejiang University 
(Hangzhou, China) were enrolled, and cancer specimens and 
their adjacent normal tissues were collected for analysis. The 
expression levels of miR‑448 and Rab2B in these tissues and 
in pancreatic cancer cell lines were quantified using reverse 
transcription‑polymerase chain reaction analysis. miR‑448 
overexpression was achieved by cell transfection. Protein 
expression was assessed using western blot analysis. Cell 
viability, cell cycle and apoptosis were analyzed using CCK‑8 
assay and flow cytometry, respectively. The results revealed 
a negative correlation between miR‑448 and Rab2B in the 
pancreatic tissues and cell lines. The results of bioinformatics 
analysis indicated that miR‑448 directly targeted Rab2B. 
Aberrant miR‑448 levels in PANC‑1 cells downregulated 
the expression of Rab2B, and significantly decreased cell 
proliferation and promoted apoptosis of cancer cells. It was 
also found that miR‑448 mimics resulted in G0/G1 cell cycle 
arrest and affected the expression of cell cycle regulators, 
including cyclin D1, p21 and p27. In addition, the miR‑448 
mimics led to inactivation of the Akt/Mammalian target of 
rapamycin signaling pathway. The miR‑448 mimics induced 

apoptosis and activated the expression of caspase‑3, caspase‑9 
and poly(ADP‑ribose) polymerase. The results suggested that 
miR‑448 was a negative regulator of Rab2B and promoted cell 
cycle arrest and apoptosis in pancreatic cancer.

Introduction

According to the cellular direction of the differentiation of 
tumor cells, malignant neoplasms of the pancreas can be 
classified into three categories: Ductal, acinar, and neuroendo-
crine (1). Pancreatic ductal adenocarcinoma, which accounts for 
~90% of malignant pancreatic tumors, has become the fourth 
leading cause of cancer‑associated mortality in the USA and 
has an annual mortality rate of 227,000 worldwide (2). Based 
on a previous report, despite decades of research, advances in 
terms of survival rates have been slow for pancreatic cancer. 
The 5‑year survival rate for patients diagnosed with pancreatic 
cancer is 8%, and the morality rate continues to rise by 0.3% 
per year among men  (3). The poor prognosis is primarily 
attributable to late stage disease at diagnosis and inherent 
cancer cell resistance to standard chemotherapy (4‑6).

Due to the lack of a more sensitive and precise biomarkers 
under imaging detection, molecular technology has been 
applied to identify biomarkers that have the potential to detect 
disease at the early stage and assist in predicting disease 
progression  (4). The significance of microRNA (miRNA) 
profiling has been highlighted in a variety of human diseases, 
for example, malignant tumors  (7‑9). miRNAs, a group of 
non‑coding RNA molecules of 18‑22 nucleotides in length, are 
key in cellular functions, including apoptosis, metabolism, cell 
proliferation and differentiation. Aberrant miRNAs levels can 
lead to gene mutations, epigenetic modifications or defects in 
the miRNA processing pathway (10).

The Rab family, known alternatively as small GTP‑binding 
proteins, are members of the Ras‑like small GTPase super-
family. It has been demonstrated that the family contributes to 
the control of intracellular membrane trafficking in eukaryotic 
cells (11). The majority of Rab proteins have been shown to 
be expressed in numerous tissues, although the expression 
levels vary among diverse tissues and cells. Tissue speci-
ficity and cell specificity have been identified in several Rab 
proteins (12,13). Rab2 contains a conservative GTP binding 
domain and a variable N‑terminus domain and C‑terminus 
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domain (14). As a proto‑oncogene, Rab2 has been reported to 
be aberrantly expressed in the peripheral blood cells of solid 
tumors in patients, and to be gradually downregulated during 
the treatment process (15).

To the best of our knowledge, the association between 
pancreatic cancer and the dysregulation of miRNA‑448 
(miR‑448) has not been investigated previously. In addi-
tion, the regulation of the expression of Rab2B by miRNAs 
remains to be fully elucidated. The present study aimed to 
examine the role of miR‑448 in pancreatic cancer in vitro. In 
addition, the study intended to determine whether the experi-
mental manipulation of miR‑448 in pancreatic cancer cells 
can regulate the expression of Rab2B and inhibit the growth of 
pancreatic cancer at a molecular level.

Materials and methods

Tumor samples and cells. A total of 72 patients with pancre-
atic cancer admitted to the First Affiliated Hospital, School 
of Medicine, Zhejiang University (Hangzhou, China) were 
accepted into the present study. Cancer tissue specimens and 
adjacent normal pancreatic tissue samples were collected 
from surgical tumor resections from the patients. The basic 
clinical and pathological data of these patients were collected 
with their signed written informed consent. All experimental 
protocols were approved by the Ethics Committee of The First 
Affiliated Hospital, School of Medicine, Zhejiang University.

The HPDE6‑C7 normal pancreatic cell line, and the 
AsPC‑1, BxPC‑3, Capan‑1, CFPAC‑1, HPAC, Hs 766T and 
PANC‑1 pancreatic cancer cell lines were purchased from 
Nanjing Cobioer Biotechnology Co., Ltd. (Nanjing, China). 
The cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM) containing 10% fetal calf serum (FCS; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 5% 
CO2 in an incubator at 37˚C. The medium was replaced once 
every 2 days. Cell passage cultivation was performed when the 
cells had grown to 90%.

Cell grouping. The PANC‑1 cell line was selected as the 
subject of investigation for the in vitro experiments. To inves-
tigate the role of miR‑448 in the regulation of the expression 
of Rab2B in pancreatic cancer, the cells were randomly 
divided into three groups: the Control, the mock and the 
mimics group. The cells in the mimics group were trans-
fected with miR‑448 mimics. In the mock group, the cells 
were transfected with blank plasmids, and a normal PANC‑1 
cell group was set as a negative control group. The recom-
binant plasmids used in the present study were obtained 
from Beijing SyngenTech, Co., Ltd. (Beijing, China). The 
transfection processes were performed using Lipofectamine 
2000 reagent (Thermo Fisher Scientific, Inc.), according to 
the manufacturer's protocol.

Bioinformatics analysis. Bioinformatics analysis was 
performed using prediction software. The target genes 
of miR‑448 were predicated via miRanda (http://www.
microrna.org/microrna/home.do), miRDB (http://www.mirdb.
org/), PicTar (http://pictar.mdc‑berlin.de/) and TargetScan 
(http://www.targetscan.org/vert_71/). The probable func-
tions of the miRNA were predicted via the Database 

for Annotation, Visualization and Integrated Discovery 
(https://david.ncifcrf.gov/).

Luciferase reporter assay. The 3'‑untranslated region (UTR) 
fragment of Rab2B with a binding site for miR‑448 was 
cloned into luciferase vectors (Promega Corp., Madison, WI, 
USA). The PANC‑1 cells were seeded into 96‑well plates at 
a density of 1x105 cells/well 1 day prior to transfection. The 
control luciferase reporter plasmid, Rab2B 3'‑UTR or mutated 
Rab2B 3'‑UTR (GeneCopoeia, Inc., Rockville, MD, USA) was 
co‑transfected with either miR‑448 mimic or miR‑448 negative 
control using Lipofectamine 3000 (Thermo Fisher Scientific, 
Inc.). At 48 h post‑transfection, the luciferase activity was 
determined with the Secrete‑Pair™ Dual‑Luciferase Reporter 
assay (GeneCopoeia). The miR‑448 mimics (mature sequence: 
UUG​CAU​AUG​UAG​GAU​GUC​CCA​U) (miR10001532‑1‑5) 
and miR‑448 inhibitors (miR20001532‑1‑5) are obtained from 
Guangzhou Ribobio Technology Co., Ltd. (Guangzhou, China).

CCK‑8 assay. Cell proliferation in the control, mock and 
mimics group were determined using a CCK‑8 assay (Shanghai 
Haling Biotechnology, Co., Ltd., Shanghai, China). The cells 
were seeded into a 96‑well plate (100 µl/well) and cultured in 
an incubator with 5% CO2 at 37˚C for 4 h. Subsequently, 10 µl 
of CCK‑8 reagent was added to the cells, which were placed 
into a CO2 incubator again for 1‑4 h. The optical density (OD) 
values were read by an iMark microplate absorbance reader 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) at the wave-
length of 450 nm.

Flow cytometry (FCM). The cells were digested by 0.25% 
trypsin‑EDTA (Beyotime Institute of Biotechnology, Haimen, 
China) and collected by centrifugation at 500 x g at 4˚C for 
5  min and washed three times with phosphate‑buffered 
saline (PBS). The precipitated cells were resuspended and 
fixed in 70% absolute alcohol. Subsequently, for the purpose 
of analyzing cell cycle, the cells were washed with PBS and 
centrifuged at 500 x g at 4˚C for 5 min to collect the precipi-
tate. Propidium iodide (PI) was added for staining. The cell 
cycle status was determined using an EPICS XL‑MCL FCM 
system (Beckman Coulter, Inc., Brea, CA, USA).

Cells in the logarithmic phase were collected and seeded 
into 6‑well plates (3x105/well). The cells were then digested 
in EDTA‑free trypsin (Shanghai Lanpai Biotechnology Co., 
Ltd., Shanghai, China), and stained with Annexin V‑FITC and 
PI (Shanghai Lanpai Biotechnology Co., Ltd.). The cells were 
then incubated in the dark for 15 min at room temperature. 
The apoptotic rate of the cells in each group was detected 
using the EPICS XL‑MCL FCM (Beckman Coulter, Inc.) with 
an excitation wavelength of 488 nm and emission wavelength 
of 530 nm.

Determination of caspase activities. The activities of 
caspase‑3/‑9 were evaluated using caspase‑3 and caspase‑9 
colorimetric assay kits, according to the manufacturer's 
protocol. The cells were lysed in lysis buffer. Substrates for 
caspase‑3 and caspase‑9 (Ac‑DEVD‑pNA and Ac‑LEHD‑pNA) 
were added to the cell lysates (50 µg proteins). The protein 
concentration was determined by BCA assay kit (Thermo 
Fisher Scientific, Inc.). The samples were then incubated at 
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37˚C for 1 h. The absorbance was measured at 405 nm using a 
microplate reader (Bio‑Rad Laboratories).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) analysis. Quantification of the expression of 
miR‑448 was determined using a TaqMan miRNA assay 
(Thermo Fisher Scientific, Inc.). Reverse transcription of 
10 ng of template RNA was performed using the TaqMan 
MicroRNA Reverse Transcription kit and miRNA‑specific 
stem‑loop primers. The expression was normalized by U6. 
The primers used were as follows: miR‑448, forward, 5'‑TTG​
CAT​ATG​TAG​GAT​GTC​CCA​T‑3' and reverse, 5'‑CTC​AAC​
TGG​TGT​CGT​GGA​GTC​GGC​AAT​TCA​GTT​GAG​ATG​GGA​
CA‑3'; and U6, forward, 5'‑ACG​AAT​TGC​GTG​TCA​TCC​T‑3' 
and reverse, 5'‑ACG​AAT​TTG​CGT​GTC​ATC​CT‑3'.

To determine the mRNA levels of other genes, including 
Rab2B, total RNA (2  µg) was first reverse transcribed 
using the Takara PrimeScript RT reagent kit (Takara Bio, 
Inc., Otsu, Japan) (containing PrimeScript buffer and 
PrimeScriptTM  RT  Enzyme). Quantification of mRNA 
was performed with the TaqMan Gene Expression Assay 
(Thermo Fisher Scientific, Inc.). The thermocycling condi-
tions were as follows: 5 min pretreatment at 94˚C; 94˚C for 
10 sec, 60˚C for 30 sec (30 cycles); final extension at 72˚C for 
10 min. Target gene expression was normalized on the basis 
of glyceraldehyde‑3‑phosphate dehydrogenase (GAPDH). 
The quantification was determined by the 2‑∆∆Cq method. 
The primer sequences for the gene were as follows: Rab2B, 
forward, 5'‑GGT​CCG​GGA​AGT​CCA​TAC​TC‑3' and reverse, 
5'‑GGC​TGG​AAC​CGC​TTA​TCT​GT‑3'; and GAPDH, forward, 
5'‑AAG​CCT​GCC​GGT​GAC​TAA​C‑3' and reverse, 5'‑GCA​
TCA​CCC​GGA​GGA​GAA​AT‑3'.

Western blot analysis. The total protein of the cells in each 
group was extracted using a ProteoPrep® Total Extraction 
Sample kit (Sigma‑Aldrich; EMD Millipore, Billerica, MA, 
USA). The cell lysates were prepared in cell lysis buffer, 
and the supernatant was collected following centrifuga-
tion at 500 x g at 4˚C for 10 min. The concentration of the 
protein was determined using a Bradford assay (Bio‑Rad 
Laboratories) and 30 µg of each protein sample was sepa-
rated via 10‑15% SDS‑PAGE (Merck Millipore, Darmstadt, 
Germany). The membranes were blocked with 5% skimmed 
milk for 2 h at room temperature. Then, the membranes were 
incubated with primary antibodies at 4˚C overnight. The 
membranes were subsequently incubated with a horseradish 

peroxidase‑conjugated secondary antibody (dilution 1:2,000; 
cat. no. ab205718; Abcam) at room temperature for 1 h. The 
primary antibodies were as follows: anti‑Rab2B (dilution 
1:1,000; cat. no. ab95952; Abcam); anti‑cyclin D1 (dilution 
1:10,000; cat. no. ab134175; Abcam); anti‑cyclin‑dependent 
kinase inhibitor 1B (p27; dilution 1:5,000; cat. no. ab32034; 
Abcam); anti‑procaspase‑9 (dilution 1:500; cat. no. ab135544; 
Abcam); anti‑procaspase‑3 (dilution 1:1,000; cat. no. ab32150; 
Abcam); anti‑p‑Akt (dilution 1:500; cat.  no.  ab38449; 
Abcam); anti‑p21 (dilution 1:1,000; cat.  no.  ab109520; 
Abcam); anti‑Akt (dilution 1:6,000; cat. no. ab81283; Abcam); 
anti‑poly(ADP‑ribose) polymerase (PARP; dilution 1:5,000; 
cat. no.  ab32138; Abcam); anti‑GAPDH (dilution 1:2,500; 
cat. no. ab9485; Abcam). Blots were developed with enhanced 
chemiluminescence detection kit (GE Healthcare, Chicago, 
IL, USA). The density of the blots was read with Quantity One 
software version 4.6.2 (Bio‑Rad Laboratories).

Statistical analysis. Statistical analyses were performed using 
SPSS software, version 22.0 (IBM SPSS, Armonk, NY USA) 
and GraphPad Prism software 6.0 (GraphPad Software, Inc., 
La Jolla, CA, USA). Each experiment was repeated three 
times. Data are presented as the mean ± standard deviation. 
Student's t‑test and one‑way analysis of variance (ANOVA) 
with Turkey's test were performed to calculate statistical 
significance. Spearman's rank order was used to analyze the 
correlations between variables. Kaplan‑Meier survival curve 
analysis was used to show the survival rates. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Levels of Rab2B are negatively correlated with the expres‑
sion of miR‑488 in pancreatic cancer tissues and cell lines. 
A total of 72 patients with pancreatic cancer with an average 
age of 55.28±4.08  years were accepted into the present 
study (Table I). The mRNA levels of miR‑448 and Rab2B in 
pancreatic cancer samples and their adjacent normal tissues 
were examined using RT‑qPCR analysis. In the cancer tissues, 
the expression of miR‑448 was inhibited, whereas the level of 
Rab2B was significantly enhanced (P<0.05; Fig. 1A and B). In 
addition, a significant negative correlation between the expres-
sion of miR‑448 and Rab2B was detected (P<0.01; Fig. 1C). 
The patients were then divided either into a higher Rab2B 
group and lower Rab2B group based on the median value 
of the expression of Rab2B. Survival analysis revealed that 

Table I. Association between Rab2B and clinical data of patients with pancreatic cancer.

TNM cancer stage	 Male/female	 Age (<45/≥45 years)	 Rab2B expression (low/high)

I	 11/14	 8/17	 12/13
II	 18/11	 7/22	 6/23
III	 12/6	 3/15	 3/15
P‑value	 0.258	 0.514	 0.036a

aP<0.05, determined by χ2 test. TNM, tumor‑node‑metastasis.
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patients with a weaker expression of Rab2B were likely to 
survive longer than those who had a high expression level of 
Rab2b (P<0.01; Fig. 1D).

Through the analysis of normal and cancer cell lines of the 
pancreas (HPDE6‑C7, AsPC‑1, BxPC‑3, Capan‑1, CFPAC‑1, 
HPAC, Hs 776T and PANC‑1), lower levels of miR‑448 
and higher levels of Rab2B were detected in the cancer cell 
lines (P<0.05; Fig. 1E and F).

Identification of Rab2B as the direct target of miR‑448. The 
in silico analysis of human miR‑448 started with surveys of 
its target‑prediction. The four prediction software packages, 

miRanda, miRDB, PicTar and TargetScan, respectively identi-
fied 3,488, 483, 1,127 and 684 target genes of human miR‑448. 
On the basis of these predicted target genes, a total of 104 
target genes of intersection of miR‑448 were isolated by the 
means of a Venn diagram (Fig. 2A). Subsequently, 20 annota-
tions of biological processes in association with miR‑448 were 
predicted using Gene Ontology analysis (P<0.01; Fig. 2B). 
The results revealed that the genes targeted by miR‑448 were 
primarily abundant in the cytoplasm and plasma membrane, 
and mainly functioned in protein binding. Subsequent analysis 
of the alignment of miR‑448/Rab2B was performed to confirm 
the target association between miR‑448 and Rab2B.

Figure 1. Levels of miR‑448 and Rab2B in pancreatic tissues and cell lines (HPDE6‑C7, AsPC‑1, BxPC‑3, Capan‑1, CFPAC‑1, HPAC, Hs 776T and PANC‑1). 
(A) Expression of miR‑448 was silenced in pancreatic cancer tissues. (B) Expression of Rab2B was high in pancreatic cancer tissues. (C) Linear correlation 
of mRNA levels between miR‑448 and Rab2B. (D) Survival analysis showed the survival rate of patients with pancreatic cancer with a higher level of Rab2B 
was lower than that of patients with a lower expression level of Rab2B. (E) Levels of miR‑448 in pancreatic cancer cell lines were significantly lower than in 
normal cells (HPDE6‑C7). (F) mRNA levels of Rab2B in pancreatic cancer cell lines were higher compared with that in normal cells (HPDE6‑C7). Data are 
shown as the mean ± standard deviation. *P<0.05, **P<0.01, vs. normal tissues or cells. miR, microRNA.
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miR‑448 interacts with the Rab2B‑3'‑UTR reporter. A lucif-
erase reporter containing the human Rab2B‑3'‑UTR was used 

to identify whether miR‑448 specifically interacted with the 
Rab2B‑3'‑UTR or not (Fig. 3A and B). The luciferase activity in 

Figure 2. Target of miR‑448 identified by bioinformatics analysis and luciferase reporter analysis. (A) A total of 90 reliable target genes of miR‑448 were 
identified through intersection calculation of predicted target genes by miRanda, miRDB, PicTar and TargetScan. (B) GO analysis of gene function found 20 
annotations of miR‑448‑associated biological process, which were mainly enriched in processes of regulation of gene expression, cell proliferation and signal 
transduction. miR, microRNA; GO, Gene Ontology.

Figure 3. (A) Cervical‑loop structures of pre‑miR‑448. (B) Mature hsa‑miR‑448 (miR‑448) was predicted to interact with the Rab2B‑3'‑UTR at positions 
319‑349 via a 7‑mer seed match interaction. (C) Relative luciferase assay revealed that miR‑448 exhibited reduced luciferase reporter activity. *P<0.05, 
**P<0.01, vs. control. miR, microRNA; UTR, untranslated region; WT, wild‑type; Mut, mutant.
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Figure 4. Overexpression of miR‑448 affects cell proliferation, migration and invasion. (A) Ectopic expression of miR‑448 was confirmed, which (B) decreased 
the mRNA level of Rab2B. (C) Protein expression of Rab2B was inhibited by miR‑448 mimics. (D) Overexpression of miR‑448 decreased the proliferative 
ability of PANC‑1 cells. (E) miR‑448 induced G0/G1 cell cycle arrest in PANC‑1 cells. (F) miR‑448 promoted the apoptotic rate of PANC‑1 cells. Data are 
shown as the mean ± standard deviation of three independent experiments. *P<0.05, **P<0.01, vs. control; ^P<0.05, ^^P<0.01, vs. mock. miR, microRNA; 
glyceraldehyde‑3‑phosphate dehydrogenase.
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each group was determined 24 h following transfection with the 
luciferase reporter, and the miR‑488 overexpression and inhib-
iting constructs. In the assay system, a reduction in luciferase 
expression indicated a specific miR‑448‑3'‑UTR interaction. 
It was found that the luciferase activity was markedly reduced 
in the high miR‑448 cells, particularly in the miR‑448 
mimics + Rab2B‑WT group (P<0.01). By contrast, mutation of 
the predicted binding sites in the Rab2B‑3'‑UTR eliminated 
the reduction of luciferase reporter activity (Fig. 3C). When 
combined with the results of the bioinformatics analysis, it 
was confirmed that miR‑448 contributed to the control of the 
expression of Rab2B.

Overexpression of miR‑448 downregulates Rab2B levels in 
PANC‑1 cells. In PANC‑1 cells transfected with miR‑448 
mimics, the level of miR‑448 was distinctly enhanced, 
compared with that in the control group (P<0.01; Fig. 4A). 
The results of the RT‑qPCR and western blot analyses also 
showed that the aberrant expression of miR‑448 led to the 
significant downregulation of Rab2B at the mRNA and protein 
levels (P<0.05; Fig. 4B and C). The protein expression of Rab2B 
was reduced by >50% in the miR‑448 mimics group (P<0.01).

Overexpression of miR‑448 inhibits cell proliferation 
and promotes apoptosis. Subsequently, the effects of the 

Figure 5. miR‑448 mimics affect the expression of cell cycle regulators and inhibit the Akt/mTOR/S6K1 pathway. (A) Ectopic expression of miR‑448 inhib-
ited the expression of Cyclin D1 but upregulated the expression of p21 and p27. The phosphorylation of (B) Akt, (C) mTOR and (D) S6K1 was suppressed 
by miR‑448 mimics. Data are shown as the mean ± standard deviation of three independent experiments. **P<0.01, vs. control; ^^P<0.01, vs. mock. miR 
microRNA; mTOR, Mammalian target of rapamycin; p‑, phosphorylated.
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overexpression of miR‑448 on the biological processes 
of PANC‑1 cells, including cell viability, cell cycle and 
apoptosis, were observed (Fig. 4D‑F). In the miR‑448 mimics 
group, it was found that the aberrant expression of miR‑448 
significantly inhibited PANC‑1 cell growth and proliferation 
in  vitro, however, it induced G0/G1  cell cycle arrest in 
comparison with the control group. A marked increase in 
apoptotic rate was identified under the condition of a high 
level of miR‑448 (P<0.01). The above results revealed the 
importance of miR‑448 in the development of pancreatic 
cancer.

Overexpression of miR‑448 decreases the expression of 
cyclin D1 but upregulates the expression of p21 and p27. The 
effects of aberrant miR‑448 levels on the expression of cell 
cycle proteins cyclin D1, p21 and p27 were detected by western 
blot analysis (Fig. 5A). In the miR‑448 overexpressing cells, 
the protein level of cyclin D1 was reduced by >50%, compared 
with that in the control (P<0.01). By contrast, the expression of 
p21 and p27 were significantly upregulated by miR‑448 at the 
protein level (P<0.01).

Overexpression of miR‑448 suppresses the activation of Akt, 
Mammalian target of rapamycin (mTOR) and S6K1. The phos-
phorylation levels of Akt, mTOR and S6K1 were determined 
using western blot analysis (Fig. 5B‑D). The results showed an 
apparent negative correlation between a high level of miR‑448 
and the Akt/mTOR signaling pathway. In the presence of 
miR‑448, the protein levels of phosphorylated Akt, mTOR and 
S6K1 were observed to be reduced by >50%, compared with 
those in the control. These results indicated inactivation of the 
Akt/mTOR pathway by miR‑448 (P<0.01).

Overexpression of miR‑448 increases the activities of 
caspase‑3 and caspase‑9 and upregulates the expression 
of poly(ADP‑ribose) polymerase  (PARP). The results of 
spectrophotometric methods showed significant increases 
in the activities of caspase‑3 and caspase‑9 in the miR‑448 
mimics group (P<0.01; Fig. 6A and B). The protein levels 
of pro‑caspase‑3 and pro‑caspase‑9 were found to be 
significantly decreased in the presence of a high level of 
miR‑448  (P<0.01; Fig.  6D). miR‑448 overexpression also 
increased the expression of PARP at the mRNA and protein 
levels  (P<0.01; Fig. 6C and D). A model summarizing the 
results of the present study is shown in Fig. 7.

Discussion

As a key regulator of gene expression, miRNAs are reported to 
control numerous physiological and pathophysiological events 
in malignant tumors. A number of miRNAs have been identi-
fied to contribute to the regulation of cancer cell proliferation, 
apoptosis, immune evasion and metastasis (16‑18). Multiple 
molecular target genes of miRNAs have been identified. 
Advances in specific inhibitors and mimics, which can be 
locally or systemically transferred to the organs, enable the 
development of miRNAs to be treated as novel therapeutic 
targets (19). Generally, a single miRNA is able to regulate 
a number of protein‑coding genes. As miRNAs can iden-
tify certain ‘seed sequences’ in sections of genes, any gene 
containing a sequence complementary to the seed region is 
potentially regulated by the respective miRNAs  (20). The 
results of the present study revealed a significant role of 
miR‑448 in inhibiting the development of pancreatic cancer 
by regulating the expression of Rab2B in vitro. Silencing of 

Figure 6. Overexpression of miR‑448 activates caspase‑3, caspase‑9 and PARP. Aberrant expression of miR‑448 increased the activities of (A) caspase‑3 and 
(B) caspase‑9. (C) miR‑448 mimics upregulated the mRNA expression of PARP. (D) In the miR‑448 mimic group, levels of pro‑caspase‑3 and pro‑caspase‑9 
were decreased, whereas the protein level of PARP was increased. Data are shown as the mean ± standard deviation of three independent experiments. *P<0.05, 
**P<0.01, vs. control; ^P<0.05, ^^P<0.01, vs. mock. miR, microRNA; PARP, poly (ADP‑ribose) polymerase.
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the expression of miR‑448 and a negative correlation between 
miR‑448 and Rab2B were identified in pancreatic cancer 
tissues and cell lines.

Through interacting with its specific effector molecules, 
Rab is generally accepted as a key regulator of intracellular 
membrane trafficking. However, to date, due to the large 
number of Rab isoforms in mammals, specific effector 
molecules for the majority of mammalian Rabs have not been 
elucidated, and the Rab binding specificity of the previously 
characterized Rab effectors remains unclear  (11). In silico 
analysis confirmed that Rab2B was one of 90 reliable target 
proteins of miR‑448. At the cellular level, miR‑448 mimics 
resulted in the apparent inhibition of cell growth and prolif-
eration, led to a significant increase in apoptotic rate and 
downregulated the expression of Rab2B. These results extend 
those of previous reports on the role of miR‑448 in pancreatic 
cancer and provide novel insight into how the expression of 
Rab2B can be regulated at the post‑transcriptional level. As 
aberrant protein levels of Rab have been shown to be involved 
in certain malignant tumors, the present study provides scope 
for a wide range of cancer investigations (21,22).

The cell cycle is divided into the G1 phase (dnapresynthetic 
phase), S phase (synthesis phase), G2 phase (post‑synthesis 
phase) and M phase (mitotic phase). The irreversibility of 
these events determines the uni‑polarity of the cell cycle. The 
cell cycle is regulated by multiple factors, including the cyclin, 
maturation promoting factor, growth factor, colyone and cell 
division cycle genes. Once the process lacks the support of the 
internal or external signals, cells are unable to transfer into 
the next phase, which may result in cycle arrest (23,24). The 
present study applied FCM to investigate the effect of miR‑448 
mimics on cell cycle in PANC‑1 cells. Based on the results, no 
significant difference in cell cycle distribution was observed 
between the control and mock groups. In the miR‑448 mimic 
group, the aberrant expression of miR‑448 increased the cell 
rate in the G0/G1 phase, but decreased the rates in the S phase 
and G2/M phase, suggesting that miR‑448 was likely to inhibit 
the G0/G1 cell cycle phase, and inhibit the proliferation of 
PANC‑1 cells.

Akt is a junction of diverse cell signaling pathways. p‑Akt, 
the activated form of Akt, is important in enhancing cell 
growth and proliferation, promoting cell cycle development 
and suppressing apoptosis. The activation of Akt is involved 
in tumorigenesis and cancer metastasis (25‑27). mTOR is a 

untypical serine/threonine protein kinase, and has attracted 
much attention due to its close association with tumorigenesis 
and the development of numerous types of cancer. S6K1, one of 
the downstream target proteins of mTOR, is a multifunctional 
kinase. When the extracellular environment changes, mTOR 
is involved in the regulation of cell growth, differentiation, 
proliferation and protein synthesis through phosphorylating 
S6K1. Previous studies on S6K1 have mainly focused on 
its role in tumorigenesis. It is hypothesized that activated 
S6K1 can phosphorylate substrates, inhibit apoptosis, and 
promote development of the cell cycle, and is also involved in 
vascularization (23,28,39). In the present study, a significant 
negative correlation between a high level of miR‑448 and 
the Akt/mTOR signal pathway was observed by western blot 
analysis. Upregulating the expression of miR‑448 substan-
tially suppressed the phosphorylation of Ak, which inhibited 
the activation of its downstream targets, including mTOR and 
S6K1. Suppression of the Akt/mTOR/S6K1 pathway is likely 
to be closely associated with the promotion of apoptosis in 
pancreatic cancer through mediating associated gene expres-
sion.

The results of the present study suggested that the over-
expression of miR‑488 affected the expression of a series 
of apoptosis‑related genes. Caspase‑3 belongs to the CED‑3 
subfamily. Caspase‑3 is an inactive zymogen in the cytoplasm 
under a normal state, but it can be activated by caspase‑9 in 
apoptosis. As a key enzyme in the apoptotic process, caspase‑3, 
which was alternatively named as apoptotic effector, is pivotal 
to the mitochondrial apoptosis pathway, and is also one of 
the important molecular mechanisms underlying tumor cell 
apoptosis. The activation of caspase‑3 can split corresponding 
substrates in the cell nucleus and cytoplasm, promote the frag-
mentation of DNA and finally kill cells (30). PARP, a type of 
modification enzyme existing in the majority of eukaryocytes, 
is one of the substrates of caspase‑3 and is primarily located 
in the cell nucleus (31). It is involved in the post‑translational 
modification of numerous proteins and enzymes in the cell 
nucleus and is important in DNA damage repair, DNA dupli-
cation, regulation of cell proliferation and differentiation, 
apoptosis and tumorigenesis (32,33). Evidence shows that the 
aberrant activation of PARP can trigger apoptotic signals, 
and induce mitochondria to release apoptosis‑inducing factor, 
resulting in DNA cleavage and apoptosis (34‑36). In pancreatic 
cancer cells, significantly elevated activities of caspase‑3 and 

Figure 7. Summarized model of the findings of the present study. A high expression of Rab2B was associated with poor prognosis of patients with pancreatic 
cancer. The overexpression of miR‑448 modulated the expression of p21, p27, cyclin D1, caspase‑3/‑9 and PARP, and induced the cell cycle arrest and apoptosis 
of pancreatic cancer cells. miR, microRNA; UTR, untranslated region; PARP, poly(ADP‑ribose) polymerase; mTOR, Mammalian target of rapamycin.
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caspase‑9 were detected as a result of the aberrant expres-
sion of miR‑448. The results of western blot analysis also 
indicated substantial reductions in the levels of pro‑caspase‑3 
and pro‑caspase‑9 and increased expression of PARP in 
the miR‑448 mimics group. These changes suggested that 
miR‑448 induced the apoptosis of pancreatic cancer cells.

In conclusion, miR‑448 may directly target Rab2B. 
Aberrant levels of miR‑448 in PANC‑1 cells downregulated 
the expression of Rab2B, however, it significantly decreased 
cell proliferation and promoted the apoptosis of cancer cells. 
miR‑448 mimics resulted in G0/G1  cell cycle arrest and 
affected the expression of cell cycle regulators (cyclin D1, 
p21 and p27), leading to silencing of the Akt/mTOR signal 
pathway, the activation of caspase‑3, caspase‑9 and PARP, 
and the induction of apoptosis. These results suggested that 
miR‑448 was a negative regulator of Rab2B, suppressing 
the development of pancreatic cancer via the apoptotic 
pathway.
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