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Abstract: Emerging studies have shown that microRNAs (miRNAs) play key roles in regulating progression of pancre-
atic cancer (PaCa). miR-103 has been reported to serve as an oncomiR in hepatocellular carcinoma and colorectal 
cancer. However, litter is known regarding the function and molecular mechanism of miR-103 in PaCa. Here, we ob-
served that miR-103 was markedly highly expressed in PaCa tissues and cell lines. Up-regulation of miR-103 expres-
sion was associated with advanced TNM stage, positive lymph node metastasis, and poor prognosis. Furthermore, 
knock-down of miR-103 by its inhibitor resulted in inhibited cell invasion and migration. Using a dual-luciferase re-
porter assay, we identified that USP10 (Ubiquitin specific peptidase 10) was a directly target of miR-103. In addition, 
by using qRT-PCR assay and western blotting analysis, we found that miR-103 down-regulated the expression of 
USP10 in PaCa tissues and cell lines. Taken together, the present study demonstrates that up-regulation of miR-103 
is associated with tumor metastasis and poor prognosis in PaCa patients. Our data further indicates that miR-103 is 
an upregulated oncomiR and promotes cell metastasis by targeting USP10, suggesting miR-103 may be a potential 
prognosis and treatment target for PaCa.
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Introduction

Pancreatic cancer (PaCa) is the fourth leading 
cause of cancer-associated death for both men 
and women all over the world, which is charac-
terized by early metastasis, rapid invasion and 
resistance to standard treatments [1, 2]. PaCa 
is one of the most aggressive tumors, with a 
5-year survival rate of less than 5% [3, 4]. 
During past decades, though several risk fac-
tors have been illustrated to play important 
roles in PaCa development, little progress has 
made on the molecular mechanisms underlying 
the progression of PaCa [5-7]. Therefore, identi-
fying novel molecular mechanisms involved in 
PaCa progression is necessary to provide early 
diagnosis and develop effective therapeutic 
options.

MicroRNAs (miRNAs) are a subset of endoge-
nous, small, non-coding RNA of consisting of 
18-24 nucleotides that inhibit target genes 
expression by directly binding with the 
3’-untranslated regions (UTRs) of mRNA [8-10]. 

Accumulating studies suggest that miRNAs are 
involved in various of cell processes, including 
proliferation, apoptosis, differentiation, metas-
tasis and endocrine homeostasis [11]. Recently, 
miRNAs have been shown to be involved in the 
regulation of a variety of diseases in eukaryote 
[12, 13]. Dysregulation of miRNAs have been 
identified in many human cancers, which are 
closely associated with tumor initiation, pro-
gression and prognosis [14, 15]. Some miRNAs 
act as oncomiRs to promote tumor develop-
ment and progression, while others serve as 
tumor-suppressive miRNAs [16]. For instance, 
miR-615-5p functions as a tumor-suppressive 
miRNA in pancreatic ductal adenocarcinoma 
[17, 18]. In contrast, miR-3646 and miR-1228 
are two oncomiRs in breast cancer [19, 20].

MiR-103 is identified as an oncomiR or tumor-
suppressive miRNA, which is aberrant expres-
sion in several types of human cancers, includ-
ing prostate cancer, gastric carcinoma and 
colorectal cancer [21-23]. Microarray expres-
sion profiles study has showed that miR-103 is 
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up-regulated in PaCa [24]. However, the biolog-
ic function and molecular mechanism of miR-
103 in PaCa remain to be elucidated. In  
this study, we confirmed that miR-103 was up-
regulated in PaCa tissues and cell lines. 
Up-regulation of miR-103 was associated with 
tumor metastasis and poor prognosis in PaCa 
patients. Notably, we identified that USP10 
(ubiquitin specific peptidase 10) was a target 
gene of miR-103 in PaCa. Knockdown of miR-
103 suppressed PaCa cell migration and inva-
sion through reducing USP10 expression.

Materials and methods

PaCa samples and cell lines

Thirty-four paired PaCa tissues and their adja-
cent matched non-tumorous pancreatic epithe-
lial tissues were obtained from Department of 
Hepatobiliary Surgery, the First Affiliated 
Hospital of Jiaxing University between March 
2008 to March 2013. All samples were  
flash-frozen in liquid nitrogen immediately and 
stored at -80°C until further use. The patients 
included 22 males and 12 females, with aver-
age age of 51.7 ± 5.9 years. All tissues were 
histologically confirmed by hemotoxylin-eosin 
(H&E) staining and pathological evidences. 
Consent forms was signed from all patients 
and conducted in accordance with the regula-
tions of Declaration of Helsinki. This study was 
also approved by the Ethic Committees at the 
First Affiliated Hospital of Jiaxing University. 
Follow-up information was available for all par-
ticipants. Overall survival (OS) was defined as 
the time from the day of operation to death or 
the date of last follow-up.

The human pancreatic cancer cell lines (Capan-
2 and PANC-1) and a pancreatic ductal cell line 
(HPDE6‑C7) were obtained from were obtain- 
ed from the Chinese Academy of Sciences 
(Shanghai, China). All cell lines were cultured in 
RPMI-1640 (Invitrogen, Carlsbad, CA, USA), 
supplemented with 10% FBS (Invitrogen, 
Carlsbad, CA, USA) containing streptomycin 
(100 mg/ml) and penicillin (100 U/ml), and 
maintained in an incubator at 37°C with 5% 
CO2.

RNA oligonucleotides and cell transfections

The miR-103 inhibitor and inhibitor control were 
bought from Shanghai GenePharma, Co. Ltd., 

(Shanghai, China). Cells were cultured in 6-well 
plates until 75-85% confluence. Transfections 
were performed by using Lipofectamine 3000 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s protocols. For each well, 20 µl 
of miR-103 inhibitor and inhibitor control were 
added to 500 µl DMEM with 5 µl Lipofectamine 
3000. The mixture was added to each well and 
incubated for 48 h at 37°C with 5% CO2. Total 
RNA and/or protein were extracted for reverse 
transcription-quantitative polymerase chain 
reaction (RT-qPCR) and/or western blot.

Cell migration assay 

Cell migration was assessed by a wound-heal-
ing assay. Briefly, Capan-2 and PANC-1 cells 
were seeded to 6-well plates. At 24 h after tran-
sient transfection, an artificial wound was cre-
ated onto the monolayer by using a sterile 100-
μl tip. After scratching, cells were washed with 
PBS for three times and incubated at 37°C  
with 5% CO2. Images of cell migration were cap-
tured at time points of 0 and 24 h under a 
TE2000-U microscope (Nikon Corporation, 
Tokyo, Japan).

Cell invasion assay 

Cell invasion assay was detected by using the 
Transwell chambers coated Matrigel (BD 
Biosciences, MA, USA). Capan-2 and PANC-1 
cells were seeded in Matrigel pre-coated upper 
chambers (8 × 104 cells) in RPMI-1640 medi-
um. The lower chambers were filled with 500 μl 
RPMI-1640 medium with 10% FBS. After 24 
hours of incubation, the cell in upper chambers 
was removed, while cell invaded into lower 
chambers was fixed by 4% formaldehyde 
(Sigma-Aldrich, St. Louis, MO, USA) for 20 min, 
and stained with 0.5% crystal violet (Sigma-
Aldrich, St. Louis, MO, USA) for 15 min, and 
finally observed at × 200 magnification under a 
LSM710 inverted light microscope (Zeiss, 
Germany).

Dual luciferase reporter assay

MiRcode 11 (http://www.mircode.org) was 
used to illustrate complementary sequences 
between the miR-103 and USP10 gene. Human 
USP10 3’-UTR, including the complimentary 
binding site of miR-103, was cloned into down-
stream of the firefly cassette of pmirGLO dual-
luciferase reporter plasmid (Promega, WI, USA) 
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to construct USP10-3’-UTR-wild type (WT) lucif-
erase reporter plasmid. The mutated USP10 
3’-UTR was also inserted into pmirGLO plasmid 
to produce USP10-3’-UTR-mutant (MUT) lucifer-
ase reporter plasmid. In Capan-2 and PANC-1 
cells, the USP10-3’-UTR-WT or MUT luciferase 
reporter plasmid, and miR-103 inhibitor or 
inhibitor control was co-transfected by using 
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s proto-
cols. 48 h after transfection, a Dual-Luciferase 
Reporter Assay system (Promega, WI, USA) was 
applied to detected Firefly and Renilla activi-
ties. Firefly luciferase activity was normalized to 
Renilla luciferase activity.

RNA isolation and reverse transcription-quanti-
tative polymerase chain reaction (RT-qPCR)

Total RNA of PaCa cells and tissues was isolat-
ed by using TRIzol reagent (Invitrogen, Carls- 

TAGC-3’ (sense), 5’-AGCTCAGGGATGACCTTG- 
CC-3’ (antisense). The relative mRNA and 
miRNA expression levels were calculated by 
using the delta-delta Ct method [25].

Western blot analysis

Cells were collected and extracted by RIPA buf-
fer on ice. Total proteins were separated by 8% 
SDS-PAGE and then blotted onto PVDF mem-
branes. The membranes were then blocked 
with 5% non-fat milk for 2 h at 37°C and fol-
lowed incubated with anti-USP10 antibody 
(1:1000; CST Technologies, Inc., Chicago, IL, 
USA) and anti-GAPDH antibody (1:2000; Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) 
overnight at 4°C. After washing with TBST buf-
fer for 3 times, the membranes were incubated 
with a horseradish peroxidase-conjugated 
(HRP) goat anti-mouse IgG (1:5,000; Abcam, 
Inc., CA, USA) for 1 h at 37°C. Positive bands 

bad, CA, USA), according to  
the manufacturer’s instruc-
tions. qPCR reaction was per-
formed on an ABI Prism 7100 
Sequence Detector System 
(Applied Biosystems, CA, USA) 
by using a miScript SYBR® 
Green PCR Kit (Qiagen, Ger- 
many) and a SYBR Premix Ex 
Taq™ kit (Takara, Japan) to 
determine the expression lev-
els of miR-103 and USP10, 
respectively. The qPCR condi-
tions consisted of 20 min of 
DNA polymerase activation at 
95°C, followed by 40 cycles of 
95°C for 10 sec and 60°C  
for 30 sec. U6 small nuclear 
RNA (U6) and (Glyceraldehyde- 
3-phosphate dehydrogenase) 
GAPDH were served as two 
internal normalized referenc-
es. The primers used for the 
amplification were as follows: 
miR-103: 5’-AGCAGCATTGTAC- 
AGGGCTATCA-3’ (forward), uni-
versal primer (reverse); U6: 
5’-CTCGCTTCGGCAGCACATA-3’ 
(forward), 5’-CGAATTTGCGTG- 
TCATCCT-3’ (reverse); USP10: 
5’-TTATGAGAAGACTGGTGG- 
GT-3’ (sense), 5’-TGTTGCCGTG- 
ATGGTAGA-3’ (antisense); GA- 
PDH: 5’-TGCACCACCAACTGCT- 

Figure 1. miR-103 was significantly up-regulated in PaCa tissues and cell 
lines. A. RT‑qPCR analysis of miR-103 expression levels in PaCa tissues 
and adjacent matched non-tumorous pancreatic epithelial tissues. U6 was 
used as an internal control. B. miR-103 was markedly up-regulated in the 
Capan-2 and PANC-1 cells compared with HPDE6-C7 cell. RT-qPCR: reverse 
transcription-quantitative polymerase chain reaction; Pancreatic cancer: 
PaCa; miR: microRNA. *P < 0.05.
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were detected by using a ECL western blo- 
tting Detection kit (GE Healthcare, Pittsburgh, 
PA, USA), according to the manufacturer’s 
protocols.

Statistical analysis

Data are presented as the means ± standard 
deviation (SD). The SPSS software version 19.0 
(SPSS, Chicago, IL, USA) was applied for statis-
tical analysis. One-way ANOVA (One-way analy-
sis of variance) or Student’s t-test was used to 
analyze the differences between groups. 
Survival curves were evaluated by the Kaplan-
Meier survival analysis. P < 0.05 was consid-
ered a significant difference.

Results

MiR-103 was up-regulated in PaCa tissues and 
cell lines

We performed RT-qPCR assay to examine the 
miR-103 expression levels in both PaCa sam-
ples and cell lines. Paired PaCa tissues and 
their adjacent matched non-tumorous pancre-
atic epithelial tissues were obtained from 34 
patients diagnosed with PaCa. The results sh- 
owed that miR-103 was significantly up-regulat-
ed in PaCa tissues than in non-tumorous pan-
creatic epithelial tissues (Figure 1A, P < 0.05). 

In addition, miR-103 expression level was also 
compared between a pancreatic ductal cell line 

Figure 2. Up-regulation of miR-103 was 
associated with tumor metastasis and 
poor prognosis in PaCa patients. A. 
Patients with T3-T4 stage have higher 
miR-103 expression than those pa-
tients with T1-T2 stage. B. Patients with 
positive lymph node metastasis have 
higher miR-103 expression that those 
patients with negative lymph node 
metastasis. C. Overall survival curves 
for two groups of patients with PaCa. 
The high expression miR-103 group 
had a significantly shorter overall sur-
vival than the low expression miR-103 
group. *P < 0.05.
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(HPDE6‑C7) and two well-defined PaCa cell 
lines (Capan-2 and PANC-1). Analysis of 
RT-qPCR revealed that, similar to the expres-
sion pattern in PaCa tissues, miR-103 was also 
markedly up-regulated in the two PaCa cell 
lines (Figure 1B, P < 0.05). 

Up-regulation of miR-103 was associated with 
tumor metastasis and poor prognosis in PaCa 
patients

Using the median miR-103 expression in 34 
PaCa samples as the threshold, the patients 

healing assay showed that miR-103 down- 
regulation significantly reduced Capan-2 and 
PANC-1 cells migration in vitro (Figure 3B, P < 
0.05). Second, a transwell assay was per-
formed to detect the invasion ability of Capan-2 
and PANC-1 cells. The results revealed that sig-
nificantly less cells invaded into lower cham-
bers after transfected with miR-103 inhibitor in 
Capan-2 and PANC-1 cells (Figure 3C, P < 0.05). 
These results demonstrated that anti-miR-103 
inhibited the metastasis capabilities of PaCa 
cells.

Figure 3. miR-103 down-regulation suppressed PaCa cell migration and in-
vasion. A. Expression level of miR-103 was detected in Capan-2 and PANC-1 
cells by RT-qPCR after transfection with miR-103 inhibitor or inhibitor con-
trol. B. Cell migration ability was determined at 0 h and 24 h in Capan-2 and 
PANC-1 cells by wound healing assay after treatment with miR-103 inhibitor 
or inhibitor control. C. Capan-2 and PANC-1 cells were transfected with miR-
103 inhibitor or inhibitor control for 24 h; cell invasion ability was measured 
by Matrigel invasion assay. After transfection with miR-103 inhibitor, the 
invasion abilities of Capan-2 and PANC-1 cells were lower compared with 
those of inhibitor control treated cells. *P < 0.05.

were grouped into two sub-
groups, including high miR-103 
expression and low miR-103 
expression. Relationships be- 
tween miR-103 expression 
and clinicopathologic features 
were evaluated. The data sh- 
owed that high miR-103 ex- 
pression was significantly as- 
sociated with high TNM stage 
and positive lymph node me- 
tastasis (Figure 2A and 2B, P < 
0.05). Furthermore, Kaplan-
Meier survival analysis revea- 
led that PaCa patients with 
high expression of miR-103 
had a significantly shorter 
overall survival than those 
patients with low expression of 
miR-103 (Figure 2C, P < 0.05). 

MiR-103 down-regulation sup-
pressed PaCa cell migration 
and invasion

In order to evaluate the po- 
tential roles of miR-103 in 
PaCa cells, we transfected 
miR-103 inhibitor into Capan-2 
and PANC-1 cell lines to pro-
duce PaCa cell with stable 
miR-103 inhibition. The data of 
RT-qPCR assay confirmed that, 
Capan-2 and PANC-1 cells 
treated with miR-103 inhibitor 
had significant lower miR-103 
expression than that trans-
duced with inhibitor control 
(Figure 3A, P < 0.05). Then, we 
explored the cancer-related 
effects of knockdown of miR-
103 expression in Capan-2 
and PANC-1 cells. A wound-
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USP10 was a direct target gene of miR-103

To elucidate the potential molecular mecha-
nism underlying miR-103 mediated regulation 
of invasion and migration, bioinformatics analy-
sis based on the computer-aided algorithm 
(MiRcode 11) was performed to predicted tar-
get genes. The most promising candidate gene 
was USP10, which was confirmed by algorithm. 
As shown in Figure 4A, there was a putative 
7‑mer‑binding sites for miR‑103 in the 3’-UTRs 
of the USP10 mRNA. In addition, USP10 was a 
well-established invasion and migration inhibi-
tion gene, which was down-regulated in several 
types of human cancers [26-28]. 

To identify whether miR-103 could directly regu-
late USP10, a dual-luciferase reporter assay 
was performed. Luciferase reporter plasmid 

containing the USP10-3’-UTR-WT or MUT was 
constructed to verify the binding region 
between miR-103 and USP10. As shown in 
Figure 4B, transfected with miR-103 inhibitor  
in Capan-2 and PANC-1 cells significantly 
increased relative luciferase ratio in the USP10-
3’-UTR-WT luciferase reporter plasmid (P < 
0.05); however, relative luciferase ratio of the 
USP10-3’-UTR-MUT luciferase reporter plasmid 
remained unaffected. These observations indi-
cated that miR-103 directly targeted USP10 
through binding with the complementary region 
in its 3’-UTR.

MiR-103 down-regulated the expression of 
USP10 in PaCa tissues and cell lines

The USP10 mRNA level was also measured by 
RT-qPCR assay in PaCa tissues and their adja-

Figure 4. USP10 is a direct target gene of miR-103. A. USP10-3’-UTR wild type (WT) or mutant (MUT) sequence was 
cloned into pmirGLO dual-luciferase reporter plasmid. Binding sites are indicated by solid lines and mutant bind-
ing sites by dotted line. B. Relative luciferase ratio in different groups after co-transfected with different factors. 
Transfection with miR-103 inhibitor in Capan-2 and PANC-1 cells significantly increased relative luciferase ratio in 
the USP10-3’-UTR-WT luciferase reporter plasmid, while relative luciferase ratio of the USP10-3’-UTR-MUT luciferase 
reporter plasmid remained unaffected. USP10: ubiquitin specific peptidase 10; UTR: untranslated region. *P < 0.05.
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cent matched non-tumorous pancreatic epithe-
lial tissues. As shown in Figure 5A, the level of 
USP10 mRNA decreased when miR-103 expres-
sion increased. The USP10 mRNA expression 
negatively correlated with miR-103 in 34 PaCa 
samples. In addition, transfection of Capan-2 
and PANC-1 cells with miR-103 inhibitor signifi-
cantly increased the mRNA and protein expres-
sion levels of USP10 compared with levels in 
the inhibitor control treated cells (Figure 5B 
and 5C, P < 0.05). These data suggested that 
USP10 was indeed regulated by miR-103 in 
PaCa tissues and cell lines.

Discussion

Identification of aberrant regulatory molecular 
mechanisms involved in the progression of 
PaCa is utmost importance [29]. Dysregulation 

of miRNAs has been shown to be associated 
with the tumorigenesis and progression of vari-
ous of human cancers [14, 15]; however, eluci-
dation of their potential functions in PaCa 
remains poorly unclear. In this study, we found 
that up-regulation of miR-103 was associated 
with tumor metastasis and poor prognosis in 
PaCa patients. We also discovered that USP10 
was directly targeted by miR-103. Thus, our 
data supported a potential mechanism by 
which miR-103 promoted cell metastasis in 
PaCa.

Previous studies reported that many miRNAs 
have been dysregulated in PaCa tissues, such 
as miR-10a [30, 31], miR-20a [32], miR-21 [33], 
miR-145 [34], miR-196a [35], miR-211 [36], 
and miR-320a [37]. Some of them were associ-
ated with the metastatic abilities of PaCa cells. 

Figure 5. miR-103 down-regulated the 
expression of USP10 in PaCa tissues and 
cell lines. A. The level of USP10 mRNA 
decreased when miR-103 expression 
increased. USP10 mRNA expression 
negatively correlated with miR-103 in 
34 PaCa samples by RT-qPCR. B. miR-
103 negatively regulated the expression 
of USP10 mRNA in Capan-2 and PANC-
1 cells. C. Transfection of Capan-2 and 
PANC-1 cells with miR-103 inhibitor sig-
nificantly increased protein expression 
level of USP10 compared with levels in 
the inhibitor control treated cells. GAP-
DH: glyceraldehyde-3-phosphate dehy-
drogenase. *P < 0.05.
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For example, miR-10a was up-regulated in 
PaCa and involved in its invasiveness partially 
through suppressing HOXA1 expression [30]. 
miR-20a overexpression inhibited metastasis 
of PaCa cells [32]. miR-211 modulates gem-
citabine activity via downregulation of ribonu-
cleotide reductase and suppressed the inva-
sive behavior of PaCa cells [36]. miR-103 was 
found to be aberrantly expressed in many 
human cancers, and to act as an oncogenic or 
tumor suppressive miRNA by regulating tumor 
cell proliferation and metastasis [21-23]. Here, 
we observed that miR-103 expression in pan-
creatic cancer was much similar with other can-
cers. The analysis of RT-qPCR on clinical sam-
ples from 34-pancreatic cancer patients and 
two PaCa cell lines demonstrated miR-103 was 
significantly up-regulated in PaCa. Increased 
miR-103 expression significantly correlated 
with advanced TNM stage and positive lymph 
node metastasis, and predicted poor survival. 
These results were in line with a previous micro-
array expression profiles study [24], not only 
confirming the up-regulation pattern of miR-
103, but also suggesting an important role of 
miR-103 in regulating PaCa metastasis.

Subsequently, the biological functions of miR-
103 were examined in two pancreatic cancer 
cell lines (Capan-2 and PANC-1). The data on 
cell transwell and wound healing assays in vitro 
demonstrated that miR-103 down-regulation 
significantly suppressed PaCa cell migration 
and invasion, confirming previous studies sug-
gesting an oncogenic role for miR-103. These 
results provided substantial evidences that 
miR-103 was involved in the metastatic pro-
gression of PaCa. It is clear that miRNAs exe-
cute their tumor suppressor or oncogenic role 
by regulating the expression of target genes 
[16]. By using bioinformatics analysis, we found 
potential target genes of miR-103 and selected 
USP10 as potential candidate. USP10 is an 
important regulator of tumor progression in 
many human cancers [26-28]. Previous data 
showed an interesting correlation between 
miR-103 and aggressive clinicopathologic char-
acteristics of PaCa patients. Following knock-
down of miR-103 in Capan-2 and PANC-1 cells, 
USP10 expression was significantly increased. 
miR-103 and USP10 expression were inversely 
correlated in PaCa tissues and adjacent non-
tumorous pancreatic epithelial tissues, sug-
gesting that increased expression of miR-103 

and subsequent down-regulation of USP10 may 
be an important driver of PaCa progression. 
Furthermore, a dual luciferase reporter assay 
also provided the directly evidence that USP10 
was a direct target gene of miR-103. 

In conclusion, the present study observes that 
up-regulation of miR-103 is associated with 
tumor metastasis and poor prognosis in PaCa 
patients. MiR-103 promotes PaCa cell migra-
tion and invasion by mediating USP10 suppres-
sion. Our research identifies, for the first time, 
the miR-103/USP10 axis in PaCa that is respon-
sible for tumor metastasis, suggesting miR-103 
may be useful as a new promising therapeutic 
target for the treatment of PaCa.
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