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Abstract: Pancreatic cancer (PC) is an aggressive malignancy with one of the worst mortality rates in the world. 
Multiple factors, including a complex and poorly understood pathophysiology and difficulty in early detection and 
diagnosis make successful treatment of pancreatic cancer extremely challenging. In this study, we first detected the 
expressions of eight selected miRNAs which are predicted repress GLUT1 expression by targeting 3’UTR. We found 
miR-148a had a significantly down regulated expression and miR-148a level has an inverse correlation with the ex-
pression of GLUT1 in PC tissues. Subsequently, examined by dual-luciferase assay and western blot, we confirmed 
that miR-148a suppressed GLUT1 expression by directly targeting 3’UTR of GLUT1 mRNA. Finally, biological study in 
two pancreatic cancer cell lines indicates that miR-148a function as a tumor suppressor gene through repressing 
pancreatic cancer cell proliferation, migration and invasion. We first identified miR-148a, which has down regulated 
expression in pancreatic cancer tissues, plays as a cancer inhibitor through targeting GLUT1. This study sheds light 
on the roles of miRNAs in the pathogenesis of pancreatic cancer and may be helpful for clinical diagnosis and treat-
ment.
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Introduction

Pancreatic cancer (PC) is an aggressive malig-
nancy with one of the worst mortality rates in 
the world. It is the sixth leading cause of death 
from malignant disease in China and the fourth 
leading cause of cancer-related death in the 
United States [1]. Multiple factors, including a 
complex and poorly understood pathophysiolo-
gy and difficulty in early detection and diagno-
sis make successful treatment of pancreatic 
cancer extremely challenging. Rapid tumor pro-
gression, late diagnosis, early and aggressive 
metastasis, and high resistance to convention-
al chemotherapy lead to exceptionally poor 
prognosis with an overall 5 years survival rate 
of less than 5% [4]. Although numerous envi-
ronmental factors were confirmed to contribute 
to the occurrence of pancreatic cancer, the 
accumulation of genetic and epigenetic chang-
es remains the fundamental mechanism.

MicroRNA (miRNA) is a kind of short non-coding 
RNAs that suppress post-transcriptional genes 

expression by complementary targeting, espe-
cially to the 3’ untranslated regions (UTRs) of 
messenger RNAs (mRNAs). MiRNA expression 
alterations are involved in the initiation, pro-
gression, and metastasis of human cancer and 
it is believed that miRNAs function both as 
tumor suppressors and promoters in cancer 
development [1]. Accumulating studies have 
shown that disturbed expression of microRNAs 
is involved in the process of pathogenesis and 
drug resistance of pancreatic carcinoma [1].

GLUT-1, a member of glucose transporter fami-
ly, is a basic high-affinity glucose transporter 
normally expressed in erythrocytes, endothelial 
cells, the perineurium of peripheral nerves, ger-
minal centers of reactive lymph nodes, renal 
tubules, and placenta [1]. It is also considered 
to be the predominantly up-regulated glucose 
transporter in malignant epithelial tissues as 
well as in malignant mesothelium [1]. Mean- 
while, increased GLUT-1 expressions have also 
proved to be related to pancreatic cancer inva-
siveness and poor outcome [1].
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In this study, we first identified that miR-148a/b 
suppress GLUT-1 expression by directly target-
ing 3’UTR. Down-regulation of miR-148a/b is 
related to enhance pancreatic cancer cell pro-
liferation, migration and invasion ability. Our 
results indicate that miR-148a and miR-148b 
play as pancreatic cancer inhibitors the expres-
sion of which is positive correlate with pancre-
atic cancer malignancy. 

Materials and methods

Tissue samples

Pancreatic cancer and matched adjacent non-
tumor tissues from 33 patients were obtained 
post-operatively from 2011 to 2012, from the 
Department of General Surgery, Renji Hospital. 
Three individual RNA samples were mixed into 
one group, and eight miRNAs expression were 
firstly detected in these 11 groups for a discov-
ery study. The patients provided signed, info- 
rmed consent for their tissues to be used for 
scientific research. Ethical approval for the 
study was obtained from the department of 
General Surgery, Renji Hospital. Diagnoses 
were based on pathological and/or cytological 
evidence. Histological features of the speci-
mens were evaluated by two senior patholo-
gists according to classification criteria from 
the WHO (World Health Organization) (1990). Ti- 
ssues were obtained from patients prior to che-
motherapy or radiation therapy. Specimens 
were immediately frozen and stored at -80°C 
prior to western blot and real-time PCR 
analyses.

Cell culture 

PANC-1, MIAPaca-2 and HEK293T cells were 
cultured in Dulbecco’s Modified Eagle Medium 
containing 10% fetal bovine serum (Hyclone, 
Logan, UT, USA), 100 IU/ml penicillin and 10 
mg/mL streptomycin. All cells were maintained 
at 37°C under an atmosphere of 5% CO2.

Western blotting

Protein extracts were boiled in SDS/β-merca- 
ptoethanol sample buffer, and 25 μg samples 
were loaded into each lane of 10% polyacryl-
amide gels. The proteins were separated by 
electrophoresis, and the proteins in the gels 
were blotted onto PVDF membranes (Amersham 
Pharmacia Biotech, St. Albans, Herts, UK) by 

electrophoretic transfer. The membrane was 
incubated with rabbit anti-GLUT1 polyclonal 
antibody (Abcam, Cambridge, MA, USA), mouse 
anti-β-actin monoclonal antibody (Santa Cruz 
Biotechnology Inc., Santa Cruz, CA, USA) for 1 h 
at 37°C. The specific protein antibody complex 
was detected by using horseradish peroxidase 
conjugated horse anti-rabbit or rabbit anti-
mouse IgG. Detection by the chemilumines-
cence reaction was carried using the ECL kit 
(Pierce, Appleton, WI, USA). The β-actin signal 
was used as a loading control. The band inten-
sity was analyzed by using ImageJ software.

Quantitive RT-PCR

Quantitive RT-PCR analysis was used to deter-
mine the relative expression level of 8 selected 
miRNAs. Total RNA was extracted from tissues, 
using Trizol Reagent (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instruc-
tions. The expression levels of candidate miR-
NAs were detected by TaqMan miRNA RT-Real 
Time PCR. Single-stranded cDNA was synthe-
sized by using TaqMan MicroRNA Reverse 
Transcription Kit (Applied Biosystems, Foster 
City, CA, USA) and then amplified by using 
TaqMan Universal PCR Master Mix (Applied 
Biosystems, Foster City, CA, USA) together with 
miRNA-specific TaqMan MGB probes (Applied 
Biosystems, Foster City, CA, USA). The U6 
snRNA was used for normalization. Each sam-
ple in each group was measured in triplicate 
and the experiment was repeated at least three 
times.

Dual-luciferase reporter assays

To generate 3’-UTR luciferase reporter, a seg-
ment of 112 bp of GLUT1 3’-UTR, which con-
tains putative miR-148a target region, was 
cloned into the downstream of the renilla lucif-
erase gene in pRL-TK Vector (Promega, 
Madison, WI USA). MiRNA mimics and inhibitor 
were synthesized by GenePharma Co., Ltd 
(Shanghai, China). The pGL3 control vector con-
taining firefly luciferase was co-transfected for 
data normalization. For luciferase reporter 
assays, HEK293T cells were seeded in 48-well 
plates. Luciferase reporter vectors were co-
transfected with one of the miRNA mimics by 
using lipofectamine 2000 (Invitrogen, Carlsbad, 
CA USA). Two days after tranfection, cells were 
harvested and assayed with the Dual-Lu- 
ciferase Assay system (Promega, Madison, WI 
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USA). Each treatment was performed in tripli-
cate in three independent experiments. The 
results were expressed as relative luciferase 
activity (Renilla LUC/Firefly LUC). To identify the 
binding site of miR-148a, plasmid with four 
nucleotides mutant in the predicted miR-148a 
binding site was used. 

Cell proliferation assay

PANC-1 and MIAPaca-2 cells were seeded in 
96-well plates at low density (5×103) in DMEM 
culture, and allowed to attach overnight. The 
cells were then transfected with miR-148a 
mimic or inhibitor, with sequence scrambled 
single strand or double strand short RNA as 
control. Twenty microliters MTT (5 mg/ml) 
(Sigma, St. Louis, MO, USA) were added into 
each well 48 h after transfection, and the cells 
were incubated for further 4 h. The absorbance 

was recorded at A570 nm with a 96-well plate 
reader after the DMSO addition.

Cell migration and invasion assays

PANC-1 and MIAPaca-2 cells were transfected 
with miR-148a mimcs or inhibitor plus scram-
ble miRNA control. The transfected cells were 
harvested and subjected to the following 
assays, 48 h after transfection. For migration 
assays, the transfected cells (0.5×106 cells/ml) 
were seeded in the top of an 8.0-mm-pore 
membrane chamber (Corning Costar Corp., 
Cambridge, MA, USA). Following a 12 h incuba-
tion period, cells that passed through the mem-
brane to attach to the bottom of membrane 
were fixed and stained with hematoxylin and 
eosin (Sigma-Aldrich, St. Louis, MO, USA). Cells 
were scraped and removed from the top of 
chamber. Membranes were mounted on cover 

Figure 1. The expression of GLUT1 and eight selected miRNAs in PC patients. A: An example of GLUT1 expression 
in PC tissues and adjacent non-tumor tissues. B: The expression of eight miRNAs was detected by qRT-PCR. Tissue 
from thirty-three patients were randomly divided into eleven groups with three RNA samples were mixed. Stem-loop 
qRT-PCR was used to detect eight selected miRNAs expression. C, D: The expressions of miR-148a and miR-148b 
were detected by qRT-PCR in each tissue samples. The results were analyzed by student t-test and P<0.05 were 
considered statistically significant. *P<0.05, **P<0.01.
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slides, and cells were counted. The cell migra-
tion was quantified by counting the amount of 
cells passing through the pores from five differ-
ent fields per sample at 100× selected in a ran-
dom manner. Cell invasion assays were carried 
out using modified Boyden chambers in 24-well 
tissue culture plates at 1×105 cells per well (BD 
Biosciences, USA). All experiments were per-
formed in duplicate.

Statistical analysis

Data were analyzed by using SPSS Statistical 
Package version 17. Results were analyses by 

using student t-test. P<0.05 was considered 
statistically significant.

Results

Expression of GLUT1 and miR-148a/b in the 
PC patients

We first detect GLUT1 expression in all the 33 
clinical samples by western Western blot, as 
shown in Figure 1A and Table 1, GLUT1 overex-
pression existed in 57.6% patients (19/33). 
Meanwhile, we detected eight selected miRNAs 
expression in clinical samples. Three individual 
RNA samples were mixed into one group and 
the expression of eight miRNAs, which were 
predicted directly targeting GLUT1, were firstly 
detected for a discovery study. As shown in 
Figure 1B, miR-148a/b have significantly down-
regulated expressions in tumor tissues com-
pared with non-tumor controls, hints an inverse 
relation may existed in the expression of miR-
148 family members and GLUT1. We further 
examine the miR-148a/b expressions in every 
individuals and the results showed a very sig-
nificant down regulated expression in tumor 
samples (Figure 1C, 1D) which is in accordance 
with Figure 1B. 

To further unveil the relation between down 
regulated miR-148a/b and the overexpressed 
GLUT1 in pancreatic cancer tissues, we did the 
correlation analysis. To evaluate GLUT1 expres-
sion, the relative band intensity was deter-
mined by using ImageJ software with β-actin as 
loading control. 

Analyzed with the expression of miR-148a and 
b, we found an inverse correlation between the 
expression level of miR-148a and GLUT1 in 33 
clinical samples of pancreatic cancer. Low lev-
els of miR-148a were associated with high 
GLUT1 expression (Pearson correlation, r-0.44; 
P=0.011; Figure 2).

MiR-148a suppresses GLUT1 expression by 
directly targeting 3’UTR

To further confirm whether GLUT1 is the target 
gene of miR-148a, we employed the dual lucif-
erase assay system. As shown in Figure 3A, a 
segment of 112 bp of GLUT1 3’-UTR, which 
contains putative miR-148a target region, was 
cloned into the downstream of the renilla lucif-
erase gene in pRL-TK Vector. HEK293T cells 
were co-transfected with pRL-TK-GLUT1 and 
miR-148a mimic or inhibitor. As shown in Figure 

Table 1. Clinical characteristics of patients

Characteristics No. of  
cases

Median 
survival time 

(months)

5-year 
survival 
rate (%)

GLUT1 expression
    High 19 13 10.2
    Low 14 26 27.4
miR-148a level
    High 8 28 34.5
    Low 25 12 13.4
Age
    ≥65 years 20 21 23.5
    ≤64 years 13 20.3 28.1
Vessel invasion
    Positive 22 12.7 12.8
    Negative 11 31.6 34.7
Neural invasion
    Positive 23 21.2 18.9
    Negative 10 19.4 22.4

Figure 2. The negative correlation between the ex-
pression of miR-148a and GLUT1. The relationship 
between miR-148a and GLUT1 in 33 clinical samples 
of pancreatic cancer indicated an inverse correlation 
(Pearson correlation, r=-0.44; P=0.011).
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3B, compared with the miRNA control, the lucif-
erase activity was significantly suppressed by 
the miR-148a, about 44.2% (P<0.01). Furth- 
ermore, the luciferase activity was significantly 
up-regulated by the miR-148a inhibitor com-
pared with the miR-148a inhibitor control, 
about 33.7% (P<0.05). These results indicate 
that miR-148a targets the 3’-UTR of GLUT1, 
leading to the change of luciferase expression.

Seed sequence mutation clone was also used 
to further confirm the binding site for miR-148a 

using cells transfected with miR-148a mimic or 
inhibitor. The MTT assay demonstrated that cell 
proliferation was significantly inhibited in miR-
148a mimic transfected cells in comparison 
with mock- or miRNA-control-transfected cells. 
Meanwhile, the cell proliferation was up regu-
lated by miR-148a inhibitor (Figure 4A). 
Specifically, we observed the following growth 
rates, expressed as a percentage of the con-
trol: (1) PANC-1: mock, 100.0±3.4%; miRNA 
control, 94.4±2.3%; miR-148a, 45.2%±4.2%; 
miRNA inhibitor control, 92.4%±5.1%, miR-

Figure 3. miR-148a represses GLUT1 expression by targeting 3’UTR. A: 
Schematic diagram for the predicted interaction between miR-148a and 
GLUT1 mRNA. B: HEK293T cells were co-transfected with miRNA control, 
miR-148a mimic, anti-miR control or miR-148a inhibitor for dual-lucifer-
ase assay. C: GLUT1 protein levels of PANC-1 cells which transfected with 
miR-148a mimic or miR-148a inhibitor were detected by western blot. D: 
Four nucleotides mutant segment was cloned into pRL-TK to confirm the 
binding site of miR-148a. Red characters represent the mutant nucleo-
tides. E: Dual luciferase assay was employed to confirm the binding site 
of miR-148a. The results were analyzed by student t-test and P<0.05 was 
considered as statistically significant. *P<0.05, **P<0.01.

(Figure 3D). The vector contains 
putative miR-148a binding re- 
gion in the 3’-UTR of GLUT1 with 
4 mutant nucleotides was con-
structed. The histogram in Figure 
3E showed that the enzyme 
activity was not significantly 
reduced in cells transfected with 
miR-control compared with miR-
148a mimic (P>0.05). These 
data indicate that miR-148a may 
suppress GLUT1 expression th- 
rough binding to seed sequence 
at the 3’-UTR of GLUT1.

To further examine whether en- 
dogenous GLUT1 expression is 
suppressed by miR-148a, PANC-
1 cells were transfected with 
miR-148a mimic or inhibitor. 
GLUT1 protein level was detect-
ed by western blot 48 hours 
after transfection. Compared 
with corresponding control, the 
level of GLUT1 protein was sig-
nificantly suppressed by miR-
148a mimic and up-regulated by 
miR-148a inhibitor in PANC-1 
cells (Figure 3C). These results 
indicated that miR-148a repre- 
ssed endogenous GLUT1 expre- 
ssion in esophageal cancer ce- 
lls by directly targeting 3’UTR, 
and GLUT1 is a direct target 
gene of miR-148a.

Effects of miR-148a disturbance 
on cell proliferation, migration 
and invasion in PC cell lines

To investigate the functional role 
of miR-148a, we performed gain 
and loss of function studies 
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148a inhibitor, 115.1%±12.2%, and (2) MIA- 
Paca-2: mock, 100.0±4.4%; miRNA control, 
89.4±4.5%; miR-148a, 52.2%±5.5%; miRNA 
inhibitor control, 90.5%±5.6%, miR-148a inhibi-
tor, 112.4%±8.7% (Figure 4A).

The classic transwell assay demonstrated that 
significant inhibition of cell migration occurred 
in miR-148a transfected cells in comparison 
with mock and miR-control (Figure 4B). 
Specifically, we observed the following migrat-
ed cells rates, expressed as a percentage of 
the control: (1) PANC-1: mock, 100.0±5.6%; 

branes of mammalian cells and its overexpres-
sion has been confirmed to be related to cancer 
malignancies. In this study, we first detected 
the expressions of eight selected miRNAs 
which are predicted repress GLUT1 expression 
by targeting 3’UTR. We found miR-148a had a 
significantly down regulated expression and 
miR-148a level has an inverse correlation with 
the expression of GLUT1 in PC tissues. Sub- 
sequently, examined by dual-luciferase assay 
and western blot, we confirmed that miR-148a 
suppressed GLUT1 expression by directly tar-
geting 3’UTR of GLUT1 mRNA. Finally, biological 

Figure 4. miR-148a suppresses pancreatic cancer cells proliferation, mi-
gration and invasion by targeting GLUT1. A: MTT assay was used to detect 
the function of miR-148a on proliferation of two pancreatic cancer cell 
lines. The growth rates expressed as a percentage of the control. B: The 
classic transwell assay to examine the function of miR-148a on migration 
of pancreatic cancer cells. C: The Matrigel invasion assay was employed 
to investigate the function of miR-148a on pancreatic cancer cells. The 
results were analyzed by student t-test and P<0.05 was considered as 
statistically significant. *P<0.05, **P<0.01.

miRNA control, 94.2±3.1%; miR-
148a, 66.2%±3.2%; miRNA in- 
hibitor control, 93.1%±4.9%, 
miR-148a inhibitor, 113.2%± 
4.3%, and (2) MIAPaca-2: mock, 
100.0±3.6%; miRNA control, 
94.3±3.1%; miR-148a, 71.8%± 
3.1%; miRNA inhibitor control, 
93.5%±5.6%, miR-148a inhibi-
tor, 112.9%±4.3% (Figure 4B).

The Matrigel invasion assay 
demonstrated that the number 
of invading cells was significant-
ly decreased in miR-148a trans-
fected cells in comparison with 
mock and miR-control groups 
(Figure 4C). Specifically, we ob- 
served the following invasion 
rates, expressed as a percent-
age of the control: (1) PANC-1: 
mock, 100.0±3.6%; miRNA con-
trol, 83.1±3.2%; miR-148a, 
33.3%±3.1%; miRNA inhibitor 
control, 78.4%±4.5%, miR-148a 
inhibitor, 94.8%±4.4%, and (2) 
MIAPaca-2: mock, 100.0±3.4%; 
miRNA control, 79.3±3.5%; miR-
148a, 34.8%±3.5%; miRNA in- 
hibitor control, 78.6%±3.9%, 
miR-148a inhibitor, 96.1%±4.3% 
(Figure 4C).

Discussion

GLUT1, also known as facilitat-
ed glucose transporter member 
1 (SLC2A1), is a uniporter pro-
tein that in humans is encoded 
by the SLC2A1 gene. GLUT1 
facilitates the transport of glu-
cose across the plasma mem-
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study in two pancreatic cancer cell lines indi-
cates that miR-148a function as a tumor sup-
pressor gene through repressing pancreatic 
cancer cell proliferation, migration and 
invasion.  

There are a group of research indicate that 
GLUT1 plays as an oncogene that is positive 
correlate with cancer malignancy. However, 
how the expression of GLUT1 regulated by post-
translational factors, especially miRNAs, was 
not well understood. Recently, there is a report 
indicates that miR-1291 inhibits renal cancer 
proliferation, migration and invasion through 
targeting GLUT1 [13]. Herein, our research 
shows that miR-148a plays a similar role in 
pancreatic cancer cells. However, since one 
miRNA may have tens or hundreds of target 
genes and its function may be tissue specific, 
more research have to be done to unveil the full 
biological function of miR-148a.

In this study, we found miR-21 has a significant-
ly up-regulated expression in tumor tissues. We 
did not investigate the roles of miR-21 because 
the expressions of miR-21 and GLUT1 have the 
same tendency. The roles of miR-21 in cancers 
have also been fully studied relatively. One 
important function of miR-21 as oncogene is 
suppressing PTEN expression in many kinds of 
cancers as breast cancer, lung cancer, gastric 
cancer and so on.

Inclusion, we first identified miR-148a, which 
has down regulated expression in pancreatic 
cancer tissues, plays as a cancer inhibitor 
through targeting GLUT1. This discovery sheds 
light on the roles of miRNAs in the pathogene-
sis of pancreatic cancer and may be helpful for 
clinical diagnosis and treatment. 
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