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Introduction

Pancreatic cancer is the seventh most common cause of 
cancer deaths, resulting in 330,000 deaths annually around 
the world (1). Pancreatic ductal adenocarcinoma (PDAC) 
often has a very poor prognosis and the 5-year survival rate 

is only 5% (2). This fact urges comprehensive investigation 
of the molecular pathogenesis of PDAC. Recent studies 
have shown that microRNAs play important roles in 
different types of cancer including PDAC (3,4). The 
microRNAs could inhibit target gene expression by binding 
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the complementary sequence within the 3'UTR of target 
genes (5). Oncogenes and tumor suppressor genes are vital 
targets for microRNAs in cancer (6).

Several studies have revealed distinct microRNA 
signatures in PDAC (7-13), but the target validation is 
often beyond the scope of these studies. On one hand, there 
appears to be a small overlap of highlighted microRNAs 
among different studies. The microRNA signature which 
could be cross-validated may have true biological relevance 
to the pathogenesis of PDAC. On the other hand, how the 
microRNA signatures affect their target genes and therefore 
the tumor phenotypes remains largely unknown. It is 
difficult to translate the microRNA signature into clinical 
benefits unless their target genes are validated (3). 

In the present study, we compared the microRNA 
signatures from independent studies and identified a 
panel of five microRNAs which were reported to be 
reproducible. We measured the 5-microRNA panel in 
PDAC and validated an up-regulation of 3-microRNA 
signature (miR155, miR181a and miR221). The miRDB (14)  
was used to predict the targets of miR155, miR181a and 
miR221, respectively. We find that four genes (CREBRF, 
GABRA1, GPD1L and REPS2) have potential binding sites 
for all three microRNAs. We measured the mRNA levels 
of these four genes and found that GPD1L was down-
regulated in PDAC. In addition, GPD1L down-regulation 
was associated with poorer prognosis of PDAC in three 
independent datasets from public databases. Further 
results from PDAC cell lines suggest that the 3-microRNA 
signature inhibited GPD1L expression through binding its 
3'UTR and GPD1L reduction promoted aggressive tumor 
phenotypes. Our study identifies GPD1L as a novel target 
gene for a 3-microRNA signature and GPD1L might be an 
important therapeutic target in PDAC.

Methods

Clinical samples

The study was approved by the Institutional Review 
Boards of the first affiliated hospital of Wenzhou Medical 
University (Wenzhou, China) and written informed 
consent was obtained from each patient. Twenty pairs of 
PDAC tissues and adjacent normal tissues were collected in 
Department of Hepatobiliary Surgery, The First Affiliated 
Hospital of Wenzhou Medical University. Tissues were 
freshly resected during surgery and immediately frozen in 
liquid nitrogen for subsequent total RNA extraction. 

Cell cultures

BxPC3 (CRL-1687) and PANC1 (CRL-1469) cell lines 
from ATCC were maintained in RPMI-1640 or DMEM 
with 10% fetal bovine serum (FBS), 100 U/mL penicillin 
and 100 mg/mL streptomycin, respectively. Cells were 
cultured in a humidified atmosphere with 5% CO2 at 37 ℃.

Cell proliferation assay

Cells transfected with GPD1L siRNA or control siRNA 
were seeded into a 96-well plate in triplicate at the 
concentration of 4×103 cells per well. The cell growth 
was measured by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium (MTT) bromide assay every 24 hours. 
Cells were incubated with 5 mg/mL MTT for 4 h, and 
subsequently solubilized in DMSO (100 μL/well). The 
absorbance at 570 nm was then measured using an ELISA 
reader.

Colony formation assay

Cells transfected with GPD1L siRNA or control siRNA 
were plated in duplicate in a 6-well plate. After incubation 
at 37 ℃ for 14 days, the colonies were stained with crystal 
violet solution in methanol for 15 min. Colonies >50 μm in 
diameter were counted.

Real-time PCR

To detect the relative levels of microRNA panel and their 
target genes (CREBRF, GABRA1, GPD1L and REPS2), 
quantitative real time-PCR (qPCR) was performed. Briefly, 
Total RNA was isolated from tissues or cell lines using 
TRIzol reagent, according the manufacture’s protocol. 
For CREBRF, GABRA1, GPD1L and REPS2, the cDNA 
was generated through reverse transcription using MMLV 
reverse transcriptases (Promega) and actin was used as 
an endogenous control. The qRT-PCR primers were as 
follows. CREBRF: ACCCACTTCAAGCACACAAAT 
( F ) ,  G G G T T G AT C T T TA C C T T T G C C T  ( R ) ; 
G A B R A 1 :  A G C C G T C AT TA C A A G AT G A A C T T 
( F ) ,  T G G T C T C A G G C G AT T G T C ATA A  ( R ) ; 
G P D 1 L :  G T T G C C AT G T C A A AT C T TA G C G 
( F ) ,  G C A C T C T C C C A G T G AT C T C AT  ( R ) 
a n d  R E P S 2 :  A G G A A A C A C A G T C T C C C A C G A 
( F )  a n d  C T C C G C A G T T T G C T G TA G C  ( R ) ; 
a c t i n :  C G C A G C C A C T G T C G A G T C  ( F )  a n d 
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CGGAGTCCATCACAATGCCT (R).  For mature 
microRNA quantification, cDNA was synthesized using 
specific stem-loop universal primers (60 ng) and a TaqMan 
microRNA reverse transcription kit. U6 small nuclear RNA 
was used as an internal control. The reaction condition was 
as follows: 30℃ for 10 min; 42 ℃ for 1 h; 85 ℃ for 5 min;  
5 ℃ for 5 min. TaqMan miRNA assays for miR-100 
(000437), miR-146a (000468), miR-155 (002623), miR-181a  
(000480), miR-221 (000524) and U6 snRNA (001973) 
were from Applied Biosystems. The qPCR conditions were  
95 ℃ for 2 min followed by 40 cycles of 95 ℃ for 15 s and 
60 ℃ for 30 s. The fold change for each gene relative to the 
control group was calculated using the ΔΔCt method. The 
miR mimics and negative control (NC) were from Ambion.

Luciferase activity assay

To construct the 3'UTR luciferase vector of GPD1L 
containing binding sites for miR-155, miR-181a and miR-
221, 2,500 bp of the 3'UTR sequence of the human GPD1L 
was amplified by PCR and cloned into pMIR-report. For 
luciferase reporter assay, BxPC3 and PANC1 cells were 
transiently transfected with pMIR-report containing 
GPD1L 3'-UTR and miR mimics using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA). After 48 h, reporter gene 
activity was measured using the dual-luciferase assay-system 
(Promega). Renilla luciferase activity was used to normalize 
for transfection efficiency.

Annexin V-FITC apoptosis assay

Cell lines were transfected with GPD1L siRNA or 
control siRNA for 2 days and stained with Annexin 
V-FITC Apoptosis kit (Abcam, ab14085) according to the 
manufacturer’s instruction. Then, the stained cells were 
analyzed by MoFlo XDP (Beckman Coulter, Inc.).

Western blot

Proteins were extracted from cell lines with RIPA buffer. 
Protein samples were resolved by SDS-PAGE and analyzed 
by immunoblots. GPD1L antibody was from abcam 
(ab107509) and used at 1:500 dilution.

Statistical analysis

All data from clinical samples were presented as whiskers-
box plots and differences between two groups were 

calculated with the nonparametric Mann Whitney U test 
with Bonferroni correction. All data from cell lines were 
presented as mean with SD and differences between two 
groups were calculated with two-tailed Student t test. 
Statistical analysis was performed using GraphPad Prism. 
Statistically significant differences were defined as P<0.05. 
For all, *, P<0.05; **, P<0.01; ***, P<0.001. 

Results

Validation of microRNA signature in PDAC

We first compared the microRNA signatures from previous 
studies. Bloomston and colleagues used microRNA 
microarray and reported that 33 microRNAs were 
differentially expressed between pancreatic cancer and 
normal tissues (7). Lee and colleagues used quantitative 
real-time PCR assay and reported that 20 microRNAs 
were differentially expressed between pancreatic cancer 
and normal tissues (8). Muller and colleagues used next-
generation sequencing and reported that 61 microRNAs 
were differentially expressed between pancreatic cancer and 
normal tissues (12). Among these three lists, 5-microRNAs 
including miR-100, miR-146a, miR-155, miR-181a, miR-
221 appears to be reproducible across different technical 
platforms (Figure 1A). The relatively small overlap of 
highlighted microRNAs in these three highly cited studies 
suggests that it is necessary to independently validate the 
5-microRNA panel. Thus, we measured the 5-microRNA 
panel in PDAC. The results of TaqMan assays showed that 
miR-155, miR-181a and miR-221 were significantly up-
regulated in PDAC after Bonferroni correction for multiple 
tests (Figure 1B). In contrast, there was no significant 
difference for other two microRNAs. As the 3-microRNA 
signature consisting of miR-155, miR-181a and miR-221 
could be well cross-validated, they may have true biological 
relevance to PDAC and their target genes may have 
important roles in the pathogenesis of PDAC. 

Target genes of the 3-microRNA signature in PDAC

Next, we tried to identify the target genes of the 
3-microRNA signature. Although each microRNA has 
numerous target genes, only few of them truly contribute to 
the tumor phenotypes. Thus, we hypothesize that the genes 
targeted by all three microRNAs are critical mediators for 
the 3-microRNA signature to affect tumor phenotypes. The 
miRDB was used to predict the targets of miR155, miR181a 
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and miR221, respectively. We find that four genes (CREBRF, 
GABRA1, GPD1L and REPS2) have potential binding 
sites for all three microRNAs (Figure 2A). It suggests that 
these four genes are more likely to be down-regulated by 
the 3-microRNA signature in PDAC. We measured the 
mRNA levels of these four genes and found that GPD1L 
was down-regulated after Bonferroni correction (Figure 2B).  
To assess whether GPD1L plays an important role in 
PDAC, we analyzed the effects of GPD1L expression on 
patient survival in four independent open-access datasets 
[GSE21501 (15), GSE28735 (16), GSE71729 (17) and 
GSE57495 (18)] through PROGgeneV2 Database (19). 
The patients were classified as GPD1L high-expression or 

low-expression groups and their Kaplan-Meier survival 
curves were compared (Figure 2C). The results showed that 
the patients with high GPD1L expression had significantly 
longer survival time than those with low GPD1L expression 
in three out of four dataset: GSE21501 (HR =0.58; 
P=0.0143235), GSE28735 (HR =0.29; P=0.0070287), 
GSE71729 (HR =0.56; P=0.0419461) and GSE57495 (HR 
=0.97; P=0.91). It indicates that GPD1L down-regulation is 
strongly associated with poorer prognosis of PDAC. 

GPD1L is a direct target of the 3-microRNA signature

To further confirm if GPD1L is a direct target of the 
3-microRNA signature (Figure 3A), we over-expressed 
miR155, miR181a or miR221 mimics in BxPC3 and 
PANC1 cell lines, respectively. Results of real time-PCR 
(Figure 3B) and WB (Figure 3C) showed that miR155, 
miR181a or miR221 mimics could inhibit the mRNA and 
protein levels of GPD1L, respectively. Next, we cloned 
GPD1L 3'UTR containing binding sites of miR155, 
miR181a and miR221 into a luciferase reporter vector 
pMIR. When BxPC3 and PANC1 cells were transfected 
with luciferase reporter vector and miR155, miR181a or 
miR221 mimics, the luciferase activity was greatly reduced 
(Figure 3D). Once the predicted binding sites in the 3'UTR 
were mutated, the inhibitory effects of miR155, miR181a or 
miR221 mimics were abolished. It indicates that miR155, 
miR181a or miR221 could directly bind to GPD1L 3'UTR. 

GPD1L RNAi promotes aggressive tumor phenotypes

As GPD1L is an important prognostic factor in PDAC, we 
investigated the effects of GPD1L RNAi on proliferation, 
tumor formation and apoptosis. BxPC3 and PANC1 cells 
were transfected with GPD1L siRNA or control for 48 h. 
Then cell proliferation was measured by MTT assay. The 
results showed that GPD1L siRNA could promote cell 
proliferation (Figure 4A). Consistently, in the clone formation 
assay, GPD1L siRNA could increase clone numbers (Figure 
4B). Moreover, in the Annexin V-FITC apoptosis assay, 
GPD1L siRNA could reduce apoptosis (Figure 4C). These 
results suggest that GPD1L reduction promotes aggressive 
tumor phenotypes and this is consistent with the fact that 
GPD1L down-regulation is associated with poorer prognosis.

Discussion

Recent advance in cancer biology has improved the 

Figure 1 The levels of 5-microRNA panel in pancreatic cancer. (A) 
The reproducible microRNAs among three independent studies; 
(B) TaqMan assay results showing the relative levels of 5-microRNA 
panel in pancreatic cancer (n=20) or adjacent normal tissues (n=20). 
Data were presented as whiskers-box plots. *, P<0.05; **, P<0.01.

A

B



525Translational Cancer Research, Vol 6, No 3 June 2017

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2017;6(3):521-529 tcr.amegroups.com

treatment and prognosis for many types of cancer. However, 
the prognosis of PDAC remains very poor, suggesting 
its underlying pathogenesis mechanism is far from clear. 
Many studies support that microRNAs play a critical role in 
cancer. But it is common to see that differentially expressed 
microRNAs differ greatly among different studies and 
few of them could be cross-validated. It is likely that large 
parts of the microRNA signature may be noises without 
direct relevance. It is more likely for the cross-validated 
microRNAs to have true contribution in the pathogenesis 
of PDAC and therefore their target genes deserve further 
identification.

Here, we first compared the differentially expressed 
microRNAs in PDAC from three highly cited studies 
and identified 5 microRNAs which were reproducible 
across three different techniques. The relatively small 

overlap of microRNAs might be attributed to different 
methodology or high heterogeneity of PDAC (20). 
We further validated an up-regulation of 3-microRNA 
signature consisting miR155, miR181a and miR221 
in PDAC. It’s important to note that miR155 and 
miR221 are also highlighted by a comprehensive meta-
analysis of microRNA signature which uses two meta-
review approaches (11). The good reproducibility of 
the 3-microRNA signature suggests that their target 
genes may play important roles in PDAC. Interesting, 
the miRDB prediction revealed that the 3-microRNA 
signature shared four target genes: CREBRF, GABRA1, 
GPD1L and REPS2. Among them, GPD1L was down-
regulated in PDAC. In addition, the association between 
GPD1L down-regulation and poor prognosis could be 
cross-validated in three independent datasets. Thus, 

Figure 2 The mRNA levels of microRNA targets in pancreatic cancer. (A) Overlapped target genes of 3-microRNA signature; (B) the qRT-
PCR results showing the relative levels of indicated target genes in pancreatic cancer (n=20) or adjacent normal tissues (n=20). Data were 
presented as whiskers-box plots; (C) Kaplan-Meier survival curves of patients classified by GPD1L expression in indicated datasets. **, 
P<0.01.
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Figure 3 GPD1L is a direct target of miR-155, miR-181a and miR-221. (A) Complementary pairing of miR-155, miR-181a and miR-221 to 
the 3'UTR of human GPD1L gene, respectively; (B) the qRT-PCR results showing GPD1L mRNA level after transfection with indicated 
miR mimics in BxPC3 and PANC1 cell lines (n=3); (C) representative WB result and its quantification showing GPD1L protein level after 
transfection with indicated miR mimics in BxPC3 and PANC1 cell lines (n=3); (D) luciferase reporter assay showing the effects of indicated 
miR mimics on wild-type or mutated 3'UTR of GPD1L in BxPC3 and PANC1 cell lines (n=3). Data were presented as means with SD. **, 
P<0.01, ***, P<0.001.

A B

C D
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Figure 4 GPD1L RNAi promotes tumor phenotypes. (A) Growth curves of BxPC3 and PANC1 cell lines after GPD1L RNAi (n=3); (B) 
representative images of clone formation after GPD1L RNAi in BxPC3 and PANC1 cell lines (n=3); (C) Annexin V-FITC apoptosis assay 
showing the effects of GPD1L RNAi in BxPC3 and PANC1 cell lines. *, P<0.05; **, P<0.01.

A

B

C
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GPD1L is critical for the prognosis of PDAC.
Consistently, results from the BxPC3 and PANC1 

pancreatic cancer cell lines suggest that the 3-microRNA 
signature inhibited GPD1L expression and GPD1L 
reduction promoted aggressive tumor phenotypes. 
Similarly, an independent study shows that microRNAs 
could coordinately inhibit tumor suppressor genes to 
promote pancreatic tumor growth and progression (13). 
Our findings are also consistent with a recent study showing 
that GPD1L mRNA level is reduced in head and neck 
squamous cell carcinoma and GPD1L down-regulation is 
associated with poor prognosis (21). In addition, previous 
study demonstrates that GPD1L could destabilize HIF1α 
by enhancing its hyper-hydroxylation and GPD1L 
expression is repressed under hypoxia (22). As hypoxia-
induced HIF1α accumulation is a common feature in cancer 
including PDAC (23), GPD1L reduction might increase 
HIF1α accumulation to promote aggressive behaviors of 
PDAC. Thus, GPD1L is an important target gene for the 
3-microRNA signature and GPD1L is a novel prognostic 
factor in PDAC. 

In summary, we provide evidence showing that an up-
regulated microRNA signature consisting of miR155, 
miR181a and miR221 could inhibit GPD1L expression to 
promote cell proliferation and clone formation, and reduce 
apoptosis in PDAC. Our study suggests that GPD1L is a 
novel prognostic factor and perhaps a therapeutic target in 
PDAC.
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