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subcloned into a pGL3 luciferase promoter vec-
tor (Promega, Madison, WI, USA). We also gen-
erated a mutant 3’-UTR reporter construct us- 
ing Quickchange XL site-directed mutagenesis 

kit (Agilent Technologies, Santa Clara, CA, USA). 
All constructs were verified by DNA sequencing. 
Cells were co-transfected with miR-204 mimics 
or mimics negative control, wild-type or mutant 

Figure 2. miR-204 inhibits PC cell proliferation in vitro. A. The transfection efficiency was verified by RT-qPCR analy-
sis. B. MTT assay was performed to determine the proliferation of Panc-1 and Capan-2 cells. C. The cell cycle profiles 
of Panc-1 and Capan-2 cells were determined by flow cytometric analysis. The data are presented as mean ± SD. 
*P < 0.05 versus NC cells.
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reporter vector and Renilla plasmid. 48 h post-
transfection, the luciferase activity was mea-
sured using the Dual-Luciferase Reporter Assay 
system (Promega). Renilla luciferase was used 
as an internal reference.

Tumor xenograft experiments

Male BALB/c nude mice (aged 4-6 weeks, 
weighing 18-22 g) were purchased from the 
Slac Laboratory Animal Center (Shanghai, 
China) and maintained under specific patho-
gen-free conditions. To establish a PC xeno-
graft model, 1 × 106 Panc-1 cells infected with 
Lv-miR-204 or Lv-NC were suspended in 100 ml 
PBS and then injected subcutaneously into the 
upper right flank region of mice. Tumor volumes 
were routinely measured by using the following 
formula: V=1/2 × Length × Width2 (V, volume; L, 
length; W, width of tumor). After 20 days, the 
mice were sacrificed, and the xenograft tumors 
were excised and weighted. All animal experi-
ments were performed in accordance with pro-
tocols approved by the Ethics Committee of 
Lanzhou University Second Hospital.

Statistical analysis

All data were analyzed by GraphPad Prism 6.0 
software (GraphPad Software, San Diego, CA, 
USA) and SPSS v. 16.0 software (SPSS, Inc., 
Chicago, IL, USA). The results of the experi-
ments are displayed as the mean ± standard 

ing adjacent normal pancreas tissue samples  
by RT-qPCR analysis. As shown in Figure 1A,  
PC tissues showed significantly lower expres-
sion levels of miR-204 as compared with that of 
the normal tissues. In addition, miR-204 was 
also remarkably downregulated in the four  
PC cell lines (Capan-2, ASPC-1, SW-1990 and 
Panc-1) when compared with normal pancreat-
ic ductal epithelial cell line HPDE6c7 (Figure 
1B). 

Based on the median expression of miR-204, 
we classified the PC patients into two groups: 
high miR-204 expression group (n=29) and  
low miR-204 expression group (n=34). Table 1 
summarizes the correlation between miR-204 
expression and clinicopathological features  
of PC patients, and we found that low miR- 
204 expression levels were closely correlated 
with TNM stage (P=0.022), vessel invasion 
(P=0.015) and tumor size (P=0.042).

MiR-204 inhibits PC cell proliferation in vitro

Furthermore, we modulated miR-204 expres-
sion to examine whether miR-204 regulated the 
proliferation of PC cells in vitro. Panc-1 and 
Capan-2 cells were respectively transfected 
using miR-204 mimics or miR-204 inhibitor, 
and the results of transfection efficacy indicat-
ed that miR-204 expression was increased sig-
nificantly in Panc-1 cells and was significantly 
reduced in Capan-2 cells by RT-qPCR analysis 

Figure 3. MiR-204 suppresses PC tumor growth in vivo. A. Growth curves of 
tumor volumes. B. The average weight of the tumors derived from each group 
of mice. C. RT-qPCR analysis of miR-204 expression in the tumor tissues. The 
data are presented as mean ± SD. *P < 0.05 versus NC group.

deviation (SD). To compare 
the significance of two gro- 
ups, Student’s t test or Chi-
square test was performed. 
Pearson’s correlation analysis 
was performed to determine 
the correlation between ZEB1 
mRNA expression and miR-
204 expression in PC tissues. 
P < 0.05 was considered to 
indicate a statistically signifi-
cant difference.

Results

miR-204 expression is 
reduced in PC tissues and is 
associated with clinicopatho-
logical features

We first determined the levels 
of miR-204 expression in 63 
pairs of PC and correspond- 
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Figure 4. MiR-204 attenuates PC cell migration, invasion, and EMT in vitro. A. Wound healing assay was performed to analyze the migration ability of Panc-1 and 
Capan-2 cells. B. Cell invasion capacity was detected by transwell assay in Panc-1 and Capan-2 cells. C. The expression levels of EMT-associated protein markers in 
Panc-1 and Capan-2 cells were measured by western blot analysis. The data are presented as mean ± SD. *P < 0.05 versus NC cells.
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(Figure 2A). CCK-8 assay displayed a signifi- 
cant decrease in the proliferation of Panc-1 
cells transfected with miR-204 mimics, and 
miR-204 knockdown in Capan-2 cells led to a 
significant increase in cell proliferation (Figure 
2B). We further analyzed the effect of miR- 
204 on cell cycle distribution of PC cells. A larg-
er proportion of Panc-1 cells transfected with 
miR-204 mimics accumulated in the G0/G1 
phase, whereas the S phase population reduc- 
ed. However, an opposite result was found in 
Capan-2 cells with miR-204 knockdown (Figure 
2C).

MiR-204 suppresses PC tumor growth in vivo

We then determined the role of miR-204 in PC 
tumor growth in vivo. Based on the periodic 
observation, we found that overexpressing miR-
204 significantly attenuated the growth rate of 
PC tumors (Figure 3A). After sacrificed, the 
tumors was resected and the average weight of 
the tumors from the miR-204-overexpressing 
group was dramatically decreased (Figure 3B). 
The overexpression of miR-204 in the tumor tis-
sues derived from Lv-miR-204-transfected cells 
was further confirmed by RT-qPCR analysis 
(Figure 3C).

strated that overexpression of miR-204 pro-
moted E-cadherin expression, while reduced 
ZEB1, N-cadherin and vimentin expression in 
Panc-1 cells, and knockdown of miR-204 had 
the opposite effects in Capan-2 cells (Figure 
4C). 

ZEB1 is a direct target of miR-204 in PC cells

To identify the potential target of miR-204 in PC 
cells, we performed in silico analysis using the 
TargetScan database (http://www.targetscan.
org) [11]. A conserved miR-204-binding site in 
the 3’-UTR of ZEB1 was thus identified (Figure 
5A). Besides, as demonstrated in Figure 5B, 
miR-204 mimics significantly inhibited the lucif-
erase activity of the reporter with WT 3’-UTR 
sequence and failed to obviously suppress that 
of MUT 3’-UTR in Panc-1 cells. We further ana-
lyzed the ZEB1 mRNA expression in human  
PC tissues, and the results showed that the 
expression levels of ZEB1 mRNA were remark-
ably higher in PC tissues than in corresponding 
adjacent normal pancreas tissues (Figure 5C). 
Additionally, correlation analysis demonstrat- 
ed that ZEB1 mRNA expression levels were 
negatively correlated with miR-204 expression 
levels in 63 cases of PC tissues (r=-0.303, 
P=0.016; Figure 5D).

miR-204 attenuates PC cell 
migration, invasion and EMT 
in vitro

We then assessed the role of 
miR-204 in regulating PC cell 
migration using wound heal-
ing assay. Panc-1 cells trans-
fected with miR-204 mimics 
resulted in a slower closing of 
scratch wounds, and knock-
down of miR-204 had the 
opposite effect in Capan-2 
cells (Figure 4A). Moreover, 
transwell invasion assay sh- 
owed that miR-204 overex-
pression reduced the numb- 
er of invaded Panc-1 cells, 
whereas the number of invad-
ed Capan-2 cells was in- 
creased when miR-204 was 
knocked down (Figure 4B). In 
addition, western blot analy-
sis was performed to investi-
gate the expression levels of 
EMT-associated markers in 
PC cells. Our results demon-

Figure 5. ZEB1 is a direct target of miR-204 in PC cells. A. A schematic dia-
gram of ZEB1 3’-UTR as a putative target for miR-204. B. Relative luciferase 
activity was analyzed in Panc-1 cells cotransfected with pGL3-ZEB1-WT or 
pGL3-ZEB1-MUT and miR-204 mimics or mimics control. The data are pre-
sented as mean ± SD. C. Relative ZEB1 mRNA expression levels in human 
PC tissues were determined by RT-qPCR analysis. D. Pearson’s correlation 
analysis showed a negative correlation between ZEB1 mRNA and miR-204 
expression in PC tissues.
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ZEB1 restores the effects of miR-204 in PC 
cells

Next, we determined whether miR-204 inhibits 
the migration and invasion of PC cells part- 
ly through regulating ZEB1. When pcDNA3.1-
ZEB1 was transfected into Panc-1 cells, the 
ZEB1 protein expression was remarkably incr- 
eased (Data not shown). Both wound healing 
assay and transwell invasion assay showed 
that ZEB1 overexpression significantly blocked 
the inhibitory role of miR-204 on the migration 
and invasion of Panc-1 cells (Figure 6A, 6B).

Discussion

PC remains a major clinical challenge. Great 
efforts have been made to identify PC-related 
miRNAs and elucidate their biologic functions 
[12]. For example, from a clinical perspective, 
gemcitabine-treated PC patients with high miR-
204 expression had more favorable prognosis 
than those with low miR-204 expression [13]. In 

the present study, we found that miR-204 ex- 
pression was significantly decreased in human 
PC tissues, and low expression of miR-204 was 
closely associated with the aggressive clinico-
pathological features of PC patients.

miRNAs are implicated in the regulation of vari-
ous biological processes in PC, including prolif-
eration, invasion, and development [14]. Here 
we investigate the functional role of miR-204 in 
PC cells through gain- and loss-of-function 
approaches, and the results demonstrated that 
overexpression of miR-204 markedly inhibited 
PC cell proliferation, migration and invasion, 
whereas knockdown of miR-204 exerted the 
opposite effects. In line with the in vitro find-
ings, we found that miR-204 overexpression 
inhibited the growth of PC xenografts in vivo. 
Taken together, our results suggested that miR-
204 plays a tumor-suppressive role in PC.

Metastasis is the major cause of death in PC 
patients, and epithelial-mesenchymal transi-

Figure 6. ZEB1 restores the effects of miR-204 in PC cells. A. Wound healing assay was performed to analyze the 
migration ability of Panc-1 cells. B. Cell invasion capacity was detected by transwell assay in Panc-1 cells. The data 
are presented as mean ± SD.
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tion (EMT) is an essential prerequisite process 
for cancer metastasis [15]. EMT is also associ-
ated with poor survival in surgically resected PC 
[16]. MiRNAs have been frequently shown to 
exert critical regulatory functions in EMT [17]. In 
our present study, we also observed the inhibi-
tion of EMT in PC cells following miR-204 over-
expression. To further explore the underlying 
molecular mechanisms, we investigated the 
potential targets of miR-204. Through bioinfor-
matics analysis and dual-luciferase reporter 
assay, ZEB1 was confirmed as a direct down-
stream target of miR-204 in PC cells. ZEB1 is 
an important EMT promoter in cancer cells 
[18], and several lines of evidence show that 
ZEB1 is overexpressed in PC [19, 20]. Consis- 
tently, our results also showed the upregula- 
tion of ZEB1 in PC tissues, and more impor- 
tantly, ZEB1 overexpression largely abrogated 
the effects of miR-204 in PC cells.

In summary, we confirmed that miR-204 acts 
as a tumor suppressive miRNA in PC tumorigen-
esis. We further identified ZEB1 as functional 
target of miR-204, and proved the involvement 
of EMT in PC progression. These findings pro-
vided new insight into the pathogenesis of PC 
and a novel potential therapeutic target for the 
treatment of PC in the future.
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