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Abstract: Pancreatic ductal adenocarcinoma (PDAC) is one of the most aggressive malignant tumors, with its 5-year 
survival rate lower than 5%. MicroRNAs (miR) have been known as important regulators for the tumorigenesis, 
progression, invasion and metastasis of various cancers. MiR-184 was found to be abnormally expressed in vari-
ous cancers including glioma and oral carcinoma. The expression and functional role of miR-184 in PDAC, however, 
remains unclear. PDAC cell line PANC-1 was transfected with miR-184 inhibitor. Real-time PCR was used to detect 
the expression of miR-184 in untreated PANC-1, miR-184 inhibitor transfected PANC-1 and controlled normal pan-
creatic ductal epithelial cell line HPDE6c7. MTT assay was used to detect the effect of miR-184 on the proliferation 
of PANC-1 cells, while invasion assay and Western blotting were employed to describe the effect on cell invasion 
ability and expression of caspase-3, respectively. In PANC-1 cells, miR-184 was abundantly expressed. The transfec-
tion of inhibitor effectively suppressed the expression of miR-184, and further inhibited both cell proliferation and 
invasion abilities, in addition to the up-regulation of pro-apoptotic protein caspase 3 expression. The up-regulation 
of miR-184 in PDAC may facilitate the proliferation and invasion ability, and inhibit apoptosis of tumor cells, thus po-
tentiating the occurrence and development of PDAC. MiR-184, therefore, is a potential molecular target for therapy.
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Introduction

With the elevating life level and changing of diet 
structure, the incidence and mortality of pan-
creatic carcinoma (PC) is increasing in recent 
years, making it the fourth leading malignant 
tumor worldwide [1]. Due to its insidious onset, 
PC is relatively difficult to obtain an early diag-
nosis. Such high-rate of misdiagnosis plus its 
inherent rapid progression, high degree of 
malignancy and difficulty in treatment, cause 
the 5-year overall survival rate of PC to be less 
than 1%, making it one of tumors with most 
unfavorable prognosis [2, 3]. Pancreatic ductal 
adenocarcinoma (PDAC), which derives from 
epithelial cells of pancreatic duct, is the most 
common type of PC and occupies more than 
90% of all pancreatic exocrine tumors [4, 5]. In 
clinical practice, most PDAC patients already 
have tumor metastasis or invasion, thus mak-
ing surgical resection impossible. Meanwhile, 
the insensitivity of PDAC against chemo- or ra- 

diation therapy further aggravates both life 
quality and survival rate of patients [6]. There- 
fore, it has become a research hot spot to 
improve the diagnostic efficiency and to devel-
op target medication, both of which require  
further illustration of molecular mechanisms 
underlying PDAC pathogenesis.

The genetic factor underlying oncogenesis has 
been widely accepted, as the occurrence of 
cancer is a long-term aggregation of gene mu- 
tants across different locus under the direction 
of both inheritance and environmental factors 
[7]. MicroRNA, also named miRNA, small mole-
cule RNA or mini RNA, is a family of small mol-
ecule non-coding RNA with regulatory functions 
and is widely existed in both animal and plant 
cells [8]. MiRNA can regulate the mRNA degra-
dation and protein translation via its base-par-
ing on target genes or inhibition on the expres-
sion of downstream target proteins [9]. MiRNA 
has also been suggested to be related with 
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tumor’s occurrence and progression, as the up-
regulation of some miRNAs may promote the 
proliferation and metastasis of tumors, while 
the down-regulation of some other miRNAs 
cause loss-of-function mutation on the tumor 
suppression function [10, 11]. Previous studies 
showed the abnormal expression of mRNAs in 
osteosarcoma, supporting their roles as onco-
genic or tumor suppressor factors. MiR-184 
was recently found to have abnormal expres-
sion and participate in various processes in- 
cluding tumor cell growth, differentiation, inva-
sion and metastasis [12-14]. The function of 
miR-184 in PDAC, however, remained unknown. 
This study thus investigated the expression and 
related regulatory mechanism of miR-184 in 
PDAC cells, in an attempt to provide a novel bio-
marker and drug target for PDAC.

Materials and methods

Cell culture

Frozen PANC-1 and HPDE6c7 cell lines (ATCC 
cell bank, US) were thawed in 37°C water bath 
can centrifuged at 1000 rpm for 3 min. Cells 
were re-suspended in 1 mL DMEM medium 
(Hyclone, US) and were cultured at 37°C with 
5% CO2 in a humidified chamber. After 24 hours, 
cells were seeded at 1×107 per cm2 density, 
using high-glucose DEME medium (containing 
100 U/mL penicillin and 100 μg/mL streptomy-
cin, Hyclone, US). Cells were passed every 2~3 
days, leaving log-phased PANC-1 cells as the 
treatment group (including untreated PDAC cell 
and miR inhibitor group) and HPDE6c7 cells as 
the control group.

MiR-184 inhibitor transfection

Oligonucleotide sequence of miR-184 inhibit- 
or (5’-GAUCGGAGGUGCAUUCUA-3’, synthesized 
by Gimma Biotech, China) was used to trans-
fect PANC-1 cells. In brief, both inhibitor ex- 
pressing vector and scramble RNA control vec-
tor were mixed in 0.2 mL serum-free DMEM 
medium, followed by 15-min incubation at 
room temperature. Lipo 2000 reagents (Invi- 
trogen, US) were then added for further 30-min 
incubation. Cells with confluence at 70~80% 
were collected, rinsed and re-suspended into 
1.6 mL serum-free DMEM medium. After 6-hour 
incubation, normal medium with serum was 
added for further incubation.

Real-time PCR for miR-184 expression

Trizol reagents (Invitrogen, US) were used to 
extract mRNA from PANC-1 and control cells. 
After purification and quantification, total 
mRNA was used as the template to synthesize 
cDNA using in vitro reverse transcription kit 
(Invitrogen, US) and specific primers for miR-
184 (Forward, 5’-TACGA CTATG TGACC TGCCT 
G-3’; Reverse, 5’-TGGTT CAACT CTCCT TTCCA-3) 
or GAPDH internal reference gene (Forward, 
5’-ATCTG GAGTT TACCG CTGG-3’; Reverse, 
5’-TACCG ATGTC TGGTA GACGAT-3’). PCR condi-
tions were: 55°C 1 min, followed by 35 cycles 
each containing 92°C denature for 30 sec, 
58°C denature for 45 sec and 72°C elongation 
for 35 sec. Fluorescent quantitative PCR cycler 
(PE, US) was used to calculate CT values of all 
samples and standard reference. The expres-
sion level of target gene was analyzed by 2-ΔCT 
method.

MTT assay for cell proliferation

Log-phased PANC-1 cells (5×103 per mL) were 
inoculated into 96-well plate using DMEM con-
taining 10% fetal bovine serum (FBS). After 
24-hour incubation, 20 μL MTT reagents 
(Sigma, US) were added into each well. After 
4-hour incubation, supernatants were removed 
and 0.15 mL DMSO (Sigma, US) was added. 
The plate was vibrated for 10 min until com-
plete resolution of violet crystals. The optical 
absorbance (A) value was quantified form a 
microplate reader. Growth inhibition rate = 
(1-mean A value of experimental group/mean A 
value of control group) ×100%. Triplicated 
experiments were performed at each time 
point.

Cell invasion assay by transwell

48 hours after transfection, all cells were cul-
tured in serum-free medium for further 24 
hours. Both bottom and upper membrane sur-
face of Transwell chamber (Hyclone, US) were 
coated with 1:5 Matrigel dilution (50 mg/L) and 
air-dried. Transwell chambers were put into 
24-well plate, with the addition of 0.5 mL DMEM 
medium containing 0.5 mL 10% FBS. Within 
each chamber, 0.1 mL tumor cell suspension 
was seeded with serum-free medium. Mean- 
while, equal volumes of cells were added into 
Transwell chamber with no Matrigel treatment 
as an internal control. After the 48-hour incuba-
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tion, Transwell chambers were removed and 
rinsed in PBS. After the cleaning of cells on the 
upper surface of the membrane, the whole 
chamber was fixed in cold ethanol, followed by 
crystal violet staining for 30 min. The number of 
cells on the lower surface of the membrane 
was counted under an inverted microscope. 
The average number of invasion cells in 10 ran-
domly selected fields was calculated. Triplicated 
experiments were performed at each time 
point.

Western blotting

Total proteins were extracted from all cells by 
lysis buffer incubation on ice (15~30 min), 

ed as mean ± standard deviation (SD). Be- 
tween-group-comparison was performed by 
LSD test. A statistical analysis was defined 
when P<0.05.

Results

Expression of miR-184 in PNAC-1 and 
HPDE6c7 cells

Using real-time PCR, we quantified the expres-
sional profile of miR-184 in PDAC cell line PANC-
1 and normal pancreatic epithelial cell line 
HPDE6c7. We found that the expression of miR-
184 was significantly increased in PANC-1 cells 
when compared to HPDE6c7 (P<0.05, Figure 

Figure 1. miR-184 expression levels. *P<0.05 compared to HPDE6c7 con-
trolled cells; #P<0.05 compared to PANC-1 cells.

Figure 2. PANC-1 cell proliferation and miR-184 expression. *P<0.05 com-
pared to PANC-1 cells.

ultrasonic rupture (5 sec ×4) 
and centrifugation (10000 g, 
15 min). The supernatants 
were transferred to new tubes 
for quantification. Proteins 
were firstly separated by 10% 
SDS-PAGE and transferred  
to PVDF membrane (Pall Li- 
fe Sciences, US). Nonspecific 
binding was blocked by 5% 
defatted milk powder for 2 
hours. Anti-caspase 3 mono-
clonal antibody (1:500, Cell 
Signaling, US) was added for 
overnight incubation, followed 
by PBST washing and 30-min 
incubation with mouse anti-
rabbit secondary antibody 
conjugated with horseradish 
peroxidase (HRP) (1:2000, 
Cell Signaling, US). The mem-
brane was finally developed 
using ECL reagent (Amersham 
Bioscience, US) and exposed 
under X-ray. Quantity One 
software was used for calcu-
lating optical density of pro-
tein bands. A parallel internal 
control was performed using 
actin. All experiments were 
repeated for four times.

Statistical analysis

SPSS 16.0 software package 
was used to analyze all col-
lected data, of which mea-
surement data were present-
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1). The transfection of miR-184 inhibitor into 
PANC-1 cells could significantly suppress miR-
184 expression (P<0.05, Figure 1).

Effect of miR-184 on PANC-1 cell proliferation

MTT assay was used to detect the effect of 
miR-184 on PANC-1 cell proliferation. We found 
that after miR-184 inhibition, the proliferation 
rate of PANC-1 cell was significantly suppressed 

the lower perforated cell number (81±14) when 
compared to PANC-1 group (121±12), with sig-
nificant difference (P<0.05, Figures 3, 4). This 
result suggests the participation of miR-184 in 
regulating PANC-1 cell proliferation.

Apoptotic protein caspase-3 expression

To further illustrate the effect of miR-184 in 
PANC-1 cells, Western blotting assay was used 
to describe its expressional profile. Results 
showed that, after miR-184 transfection, cas-
pase-3 protein was significantly up-regulated in 
PANC-1 cells when compared to PANC-1 cells 
(P<0.05, Figures 5, 6). These results indicate 
the involvement of miR-184 in apoptosis of 
PANC-1 cells.

Discussion

Due to its high malignancy and rapid progres-
sion, PC is often to be diagnosed until reaching 
terminal stage, accompanying with metastasis 
and multi-organ failure. The impossibility for 

Figure 3. Transwell cell invasion image. A. PANC-1 group; B. Scramble RNA-transfection PANC-1 group; C. miR-184 
inhibitor transfection group.

Figure 4. PANC-1 cell invasion ability. *P<0.05 compared to PANC-1 cells.

Figure 5. Caspase-3 protein expression. A. PANC-1 
group; B. Scramble RNA-transfection PANC-1 group; 
C. miR-184 inhibitor transfection group.

when compared to control 
group (P<0.05, Figure 2). This 
result suggested the facilitat-
ing role of miR-184 in the pro-
liferation of PANC-1 cells. The 
inhibition of miR-184 expres-
sion, therefore, can suppress 
tumor cell proliferation. 

Cell invasion ability of PANC-1 
cells

Transwell chamber was em- 
ployed to test the effect of 
miR-184 on the invasion abili-
ty of PANC-1 cells. The trans-
fection of miR-184 inhibitor 
significantly decreased inva-
sion ability, as supported by 
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surgical resection makes the 1-year survival 
rate as high as 65%. Most PC cases are derived 
from epithelial cells of pancreatic duct, namely 
PDAC, which has an even more aggressive and 
unfavorable prognosis compared to other types 
of PC [15, 16]. Currently no reliable biomarker 
has been identified for early diagnosis of PDAC, 
further compromising its treatment efficacy 
[17]. Therefore, the illustration of molecular 
mechanism underlying the pathogenesis and 
progression of PDAC can benefit the early diag-
nosis and treatment of PC, thus improving 
patients’ life quality and prognosis. 

MiRNA, since its first identification in nema-
tode, has been revealed to have a wide array of 
biological functions including cell proliferation/
apoptosis, signaling transduction, tissue differ-
entiation, hormone secretion, lipid metabolism 
and maintain pluripotency of stem cells. Recent 
studies have also found the involvement of 
miRNAs in tumor occurrence, progression, inva-
sion, metastasis and other biological features 
[18]. Differential expression and biological 
functions of miRNAs exist in various tumor 
cells. The expressional profile of miRNA can 
help to illustrate its relationship with tumor 
occurrence, progression and differentiation, 
thus recognizing low-differentiated tumors and 
benefiting diagnosis and subtyping [19, 20]. 
MiRNA has been found to participate in the 
regulation of PDAC, as miR-10b can inhibit 
PDAC cell growth and has been found to be 
down-regulated in PDAC tissues, suggesting its 
tumor-suppressor gene-like function, while up-

tumor-suppressor biomarker [22, 23]. Its ex- 
pression and function in PDAC or normal pan-
creatic cells remained unclear. This study found 
up-regulation of miR-184 in PDAC cells com-
pared to normal pancreatic cells. Further trans-
fection using miR-184 inhibitor found inhibited 
cell proliferation, lower invasion, and up-regula-
tion of apoptotic protein caspase-3 in trans-
fected PANC-1 cells.

In summary, the elevated expression of miR-
184 in PDAC can facilitate proliferation and 
invasion of tumor cells, suppress cell apopto-
sis, thus promoting the occurrence and pro-
gression of PDAC. MiR-184, therefore, has the 
potency as a novel target for molecular therapy 
against PDAC, although its detailed mechanism 
needs further elucidation.
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