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Introduction

Pancreatic carcinoma (PC) is a common malig-
nant tumor in the digestive system. It has a very 
high degree of malignancy. Therefore, the treat-
ment effect and prognosis are extremely poor, and 
the mortality rate is high1. Chemotherapy is an 
important approach for the treatment of pancre-
atic cancer, but drug resistance reduces the treat-
ment effect of chemotherapy in pancreatic cancer 
and limits its clinical application.

DJ-1 can indirectly enhance phosphatidylinosi-
tol-3 kinase (PI3K) by inhibiting the expression 
and function of phosphatase and tensin homo-
logue deleted on chromosome ten (PTEN). Trans-
formation activity of protein kinase B (AKT/PKB, 
protein kinase B) signaling pathway plays a role 
in the development, progression, and metastasis 
of various tumors2-5.

MicroRNA (microRNA) is an endogenous 
non-coding small RNA molecule in eukaryotes 
that can bind to the 3’-untranslated region (3’-
UTR) of the target gene mRNA, resulting in deg-
radation of mRNA or inhibition of mRNA transla-
tion, thus regulating the expression of target genes 
and involved in the modulation of several biolog-
ical processes such as cell survival, proliferation, 
apoptosis, and migration. Abnormal microRNA 
expression and dysfunction are closely associated 
with the progression, metastasis, and drug resis-
tance of several tumors, such as prostate cancer, 
lung cancer, colorectal cancer, bladder cancer, and 
other tumors6-8. The study found that abnormal 
expression of miR-203 is associated with the oc-
currence, progression, and prognosis of pancreat-
ic cancer9-11. Bioinformatics analysis showed that 
there is a targeted complementary binding site 
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between miR-203 and DJ-1 mRNA, suggesting a 
possible regulatory relationship between the two. 
In this research, we established pancreatic cancer 
cells resistant to Cisplatin (DDP), and compared 
the expression of miR-203 and DJ-1 in parental 
and drug-resistant pancreatic cancer cells to ex-
plore whether miR-203 plays a role in regulating 
DJ-1 expression and affecting proliferation and 
apoptosis of pancreatic cancer cells.

Materials and Methods

Main Reagents and Materials
Human normal pancreatic ductal epithelial HP-

DE6-C7 cells were purchased from Shanghai Yaji 
Bio (Shanghai, China); pancreatic cancer SW1990 
cells were purchased from Wuhan Boster Bio 
(Wuhan, China); Dulbecco’s Modified Eagle’s 
Medium (DMEM) was purchased from American 
Hyclone (South Logan, UT, USA); fetal bovine 
serum (FBS) was purchased from American Bio-
west (Riverside, MO, USA); RNA the extraction 
reagent RNAiso Plus was purchased from Dalian 
Takara (Dalian, China); qRT-PCR SuperMix was 
purchased from Beijing TransGen Biotech (Bei-
jing, China); Lipo 2000 was purchased from Invi-
trogen (Carlsbad, CA, USA); miR-NC, miR-203 
mimic was purchased from Guangzhou Ruibo Bio 
(Guangzhou, China); EdU cell proliferation flow 
detection kit was purchased from Sigma-Aldrich 
(St. Louis, MO, USA); rabbit anti-human DJ-1 an-
tibody was purchased from Abcam (Cambridge, 
MA, USA); rabbit anti-human PTEN, p-AKT 
antibody was purchased from Santa Cruz (San-
ta Cruz Biotechnology, Santa Cruz, CA, USA); 
rabbit anti-human β-actin antibody, Annexin V/PI 
apoptosis detection kit was purchased from Jiang-
su Biyuntian Biological (Nantong, China); Horse-
radish peroxidase (HRP)-conjugated secondary 
antibody was purchased from Shanghai Aimeidi 
Technology (Shanghai, China); pGL3 plasmid 
and luciferase activity assay kit Dual-Glo Lucif-
erase Assay System was purchased from Promega 
(Madison, WI, USA).

Cell Culture
HPDE6-C7 and SW1990 cells were cultured in 

Dulbecco’s Modified Eagle’s Medium (DMEM) 
containing 10% fetal bovine serum (FBS) and 1% 
streptomycin at 37°C with 5% CO2. After the cells 
reached a confluence of 85%, cells were digested 
with 0.25% pancreas enzyme trypsin, and were 
collected by centrifugation, and subcultured at a 

ratio of 1:4 to 1:5. Cells in a logarithmic growth 
phase were selected for experiments.

Establishment of DDP Resistant Cell Model
Establishment of DDP-resistant cell model was 

performed as follows: when SW1990 cells were 
in logarithmic growth phase, DDP was added to 
SW1990 cell culture medium to a final concen-
tration of 0.1 μg/mL. After the cell growth was 
stable for 2 weeks, the concentration of DDP was 
increased to 0.2 μg/mL, after 2 weeks of culture, 
and so on, the DDP concentration was gradually 
increased to 0.4 μg/mL, 0.8 μg/mL, until SW1990 
cells can maintain stable growth in the presence 
of 0.8 μg/mL DDP and these cells were named 
as resistant pancreatic cancer cells SW1990/DDP 
against DDP.

SW1990 and SW1990/DDP cells were inoc-
ulated into 96-well plates at a density of 10,000 
cells/well. After adherence for 24 h, they were 
treated with DDP (0, 0.01, 0.1, 1, 10, 100, and 
1000 μg/mL). Five parallel samples were set at 
each concentration. After incubation for 48 h, 10 
μL of CCK-8 solution was added to each well. Af-
ter 4 h of reaction, the absorbance of each well 
(A450) was measured. Inhibition rate = (1 - drug 
group A450 value) / control group A450 value × 
100%. The SPSS software was used to calculate 
the drug concentration (IC50) required for 50% 
cell growth inhibition, and the resistance index 
(RI) = IC50 of the resistant cells/IC50 of the pa-
rental cells.

Dual-Luciferase Reporter Gene Test
Using the HEK293T cell genome as a template, 

the full-length 3’-UTR fragment of the DJ-1 gene 
or the fragment containing the mutant was ampli-
fied and cloned into the pGL3 vector, transformed 
into DH5α competent cells, and the correct plas-
mids were sequenced and named as pGL3-DJ-1-
WT and pGL3-DJ-1-MUT. pGL3-DJ-1-WT (or 
pGL3-DJ-1-MUT) and miR-203 mimic (or miR-
NC) were co-transfected into HEK293T cells with 
Lipo 2000, and cultured for 48 h followed by mea-
suring the relative luciferase activity according to 
Dual-Glo Luciferase Assay System Kit.

Cell Transfection and Grouping
SW1990/DDP cells were divided into two 

transfection groups: miR-NC transfection group 
and miR-203 mimic transfection group. The gen-
eral procedure for transfection was as follows: 10 
μL of Lip 2000, 50 nmoL miR-NC, and 50 nmoL 
miR-203 mimic were diluted with 100 μL of se-
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rum-free Opti-MEM, respectively, and incubated 
for 5 min at room temperature, respectively, and 
Lip 2000 and miR-NC, miR-203 mimic, respec-
tively. After mixing gently, they were incubated 
for 20 min at room temperature followed by addi-
tion of these transfectants to the cell culture medi-
um to further culture for 72 h.

Flow Cytometry Detection of Cell 
Proliferation

The above two miR-NC and miR-203 mimic 
transfected cells were collected after 0.25% tryp-
sin digestion, and the cells were resuspended in 
DMEM complete medium containing 10% FBS, 
and incubated with 10 μM of EdU at 37°C for 2 h. 
Then, the cells were further cultured for 48 h and 
collected after digestion with 0.25% trypsin. The 
cells were washed once with PBS, fixed by para-
formaldehyde, washed once with PBS, and 100 
μL of permeabilized solution was added followed 
by incubation with 500 μL reaction test solution 
at room temperature for 30 min in the dark. After 
centrifugation with 3 mL of permeabilized solu-
tion for 1 time, the cells were resuspended in 500 
μL of wash buffer, and cell proliferation was de-
tected by FC500MCL flow cytometry.

Flow Cytometry Detection of Cell 
Apoptosis

The two miR-NC and miR-203 mimic trans-
fected cells were collected by trypsinization and 
resuspended in 100 μL Annexin V Binding Buffer 
according to the instructions. 5 μL of FITC Annex-
in V was added into the cells followed by addition 
of 10 μL of propidium iodide (PI). After incubation 
for 15 min at room temperature, 400 μL of Annex-
in V Binding Buffer was added, and cell apoptosis 
was detected by FC500MCL flow cytometry.

QRT-PCR Detection of Gene Expression
RNA was extracted using RNAiso Plus, and 

the relative expression of the gene was detected 
by one-step qRT-PCR using TransScript Green 
One-Step qRT-PCR SuperMix in the 20 μL reac-
tion system including: 1 μg of Template RNA, 0.2 
μM of pre-primer, 0.2 μM of post-primer, 10 μL 
of 2×TransStart Tip Green qPCR SuperMix, 0.4 
μL of One-Step RT Enzyme Mix, 0.4 μL of Pas-
sive Reference Dye II, RNase-free water Make 
up the volume to 20 μL. The qRT-PCR reaction 
conditions were: 45°C, 5 min; 94°C, 30 s; (94°C, 
5 s; 60°C, 30 s) × 40 cycles, and gene expres-
sion was detected on a Bio-Rad CFX96 real-time 
PCR instrument. Primer information was DJ-1-F: 

5’-GTAGCCGTGATGTGGTCATTT-3’, DJ-1-R: 
5’-CTGTGCGCCCAGATTACCT-3’; β-actin-F: 
5’-CATGTACGTTGCTATCCAGGC-3’, β-ac-
tin-R: 5’-CTCCTTAATGTCACGCACGAT-3’.

Western Blot
The RIPA cleavage method was added to the 

cell pellet, and after 15 min cleavage on ice, the 
protein supernatant was extracted. After mass 
concentration was determined by bicinchoninic 
acid (BCA) assay, 40 μg was separated by electro-
phoresis on sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis (SDS-PAGE), elec-
troporated to polyvinylidene difluoride (PVDF) 
membrane (250 mA, 100 min), blocked with 5% 
skim milk powder for 60 min at room tempera-
ture, and incubated with the primary antibody 
(DJ-1, PTEN, p-AKT, β-actin dilution ratios were 
1:2000, 1:1500, 1:800, 1:5000) at 4°C overnight. 
After washing 3 times with Phosphate-Buffered 
Saline and Tween-20 (PBST), HRP-conjugated 
secondary antibody (1:5000, 60 min) was added 
followed by washing 3 times with PBST and sub-
sequent addition of chemiluminescence solution 
for visualization of the protein band.

Statistical Analysis
Statistical analysis was performed using SPSS 

18.0 software (SPSS Inc., Chicago, IL, USA). 
The measurement data were expressed as mean ± 
standard deviation (SD). The comparison between 
the two groups was measured by Student’s t-test. 
The comparison between the measurement data of 
multiple groups was analyzed by one-way ANO-
VA with Bonferroni as post-hoc analysis. p < 0.05 
was considered as statistically significant.

Results

Targeted Regulation Relationship 
Between MiR-203 and DJ-1

Bioinformatics analysis revealed a targeted 
complementary binding site between miR-203 
and the 3’-UTR of DJ-1 mRNA (Figure 1A). 
The Dual-Luciferase gene reporter assay showed 
that transfection of miR-203 mimic significantly 
reduced the relative luciferase activity in pGL3-
DJ-1-WT transfected HEK293T cells, but miR-
NC or miR-203 mimic had no significant effect 
on relative luciferase activity in HEK293T cells 
transfected with pGL3-DJ-1-MUT (Figure 1B), 
indicating a targeted regulatory relationship be-
tween miR-203 and DJ-1 mRNA.
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High Drug Resistance of 
SW1990/DDP Cells 

The results of CCK-8 assay showed that DDP 
significantly inhibited the proliferation of SW1990 
cells compared with SW1990/DDP cells under the 
same dose of DDP treatment (Figure 2). The IC50 
of SW1990 cells was 2.63±0.22 μg/mL, the IC50 
of resistant SW1990/DDP cells was 22.85±1.72 
μg/mL, and the resistance index of SW1990/DDP 
cells was 8.69 (Table I)

.
Abnormal Expression of MiR-203 
and DJ-1 in Drug-Resistant Cells

The results of qRT-PCR showed that the ex-
pression of miR-203 in pancreatic cancer SW1990 
cells was significantly lower than that in normal 
pancreatic ductal epithelial HPDE6-C7 cells, and 
the expression of miR-203 was the lowest in re-

sistant SW1990/DDP cells (Figure 3A). Com-
pared with HPDE6-C7 cells, the expression of 
DJ-1 mRNA in pancreatic cancer SW1990 cells 
was significantly increased, and the expression 
of DJ-1 mRNA in resistant SW1990/DDP cells 
was the highest (Figure 3B). Western blot analy-
sis showed that compared with HPDE6-C7 cells, 
the expression of DJ-1 protein in pancreatic can-
cer SW1990 cells was significantly increased, and 
the expression of DJ-1 protein in drug-resistant 
SW1990/DDP cells was the highest (Figure 3C).

Increased MiR-203 Inhibits DJ-1 
Expression and Reduces DDP Resistance 
in Pancreatic Cancer Cells

The results of qRT-PCR showed that compared 
with miR-NC group, miR-203 mimic transfec-
tion significantly up-regulated the expression 
of miR-203 in SW1990/DDP cells (Figure 4A), 
which significantly reduced the expression of 
DJ-1 mRNA (Figure 4B). Western blot analysis 
showed that compared with miR-NC group, the 
expression of DJ-1 protein in SW1990/DDP cells 
was significantly decreased, and the expression 
of PTEN protein was significantly increased in 
miR-203 mimic transfection group, while p-AKT 
protein expression was significantly reduced (Fig-
ure 4C). Spectrophotometry analysis showed that 
caspase-3 activity in SW1990/DDP cells was 
significantly increased in miR-203 mimic group 
compared with that in miR-NC group (Figure 
4D). In addition, transfection of miR-203 mimic 
significantly increased apoptosis (Figure 4E) and 
reduced proliferation (Figure 4F) of SW1990/
DDP cells.

Table I. IC50 of SW1990, SW1990/DDP cells.

Cells IC50 Resistance index

SW1990 2.63±0.22
SW1990/DDP 22.85±1.72 8.69

Figure 1. There is a targeted regulation relationship between 
miR-203 and DJ-1 mRNA. A, Binding site between miR-203 
and the 3’-UTR of DJ-1 mRNA. B, Dual-Luciferase gene re-
porter assay. * p < 0.05 compared to the miR-NC group.

Figure 2. Effect of DDP treatment on proliferation of 
SW1990 and SW1990/DDP cells. 
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Figure 3. Abnormal changes in the expression levels of miR-203 and DJ-1 in drug-resistant cells. A, QRT-PCR detection of 
miR-203 expression in pancreatic cancer cells. B, QRT-PCR detection of DJ-1 mRNA expression in pancreatic cancer cells. C, 
Western blot analysis of DJ-1 protein expression in pancreatic cancer cells. * represents p < 0.05 compared to HPDE6-C7 cells.

Figure 4. Increased miR-203 inhibits DJ-1 expression and reduces DDP resistance in pancreatic cancer cells. A, QRT-PCR 
detects the expression of miR-203. B, QRT-PCR detection of DJ-1 mRNA expression. C, Western blot analysis of protein ex-
pression. D, Spectrophotometric detection of caspase-3 activity. E, Flow detection of apoptosis. F, Flow detection of cell prolif-
eration. * represents p < 0.05 compared to miR-NC group.
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Discussion

 Phosphatidylinositol-3 kinase (PI3K)/protein 
kinase B (AKT/PKB, protein kinase B) is a sig-
naling pathway widely found in various tissues 
and cells, involved in the regulation of various 
important biological processes such as cell apop-
tosis, growth, and survival12-14. Over-activation of 
PI3K/AKT signaling pathway can promote cell 
proliferation, migration, invasion, and decrease of 
apoptosis, and is closely related to the occurrence 
and development of various tumors. PTEN can 
maintain the low level of PIP3, inhibit the activi-
ty of PI3K/AKT signaling pathway, and regulate 
various biological processes such as cell prolifer-
ation, cycle, apoptosis, and invasion by dephos-
phorylation of PIP3 in ovarian cancer15, uterus 
membrane cancer16, gastric cancer17, and other tu-
mors. DJ-1 is an important oncogenic gene, which 
can indirectly enhance the transduction activity of 
PI3K/AKT signaling pathway by inhibiting the 
expression and function of PTEN, and promote 
cell proliferation, cycle progression, invasion, and 
metastasis, etc.

Several studies18-20 have shown that the abnor-
mal expression and function of miR-203 are close-
ly related to the occurrence, progression, metasta-
sis, and drug resistance of various tumors such as 
gastric cancer, ovarian cancer, and colorectal can-
cer. Researchers9-11 found that abnormal expression 
of miR-203 is associated with the occurrence, pro-
gression, and prognosis of pancreatic cancer. Bio-
informatics analysis showed that there is a target-
ed complementary binding site between miR-203 
and DJ-1 mRNA, suggesting a possible regulato-
ry relationship between the two. Here, we estab-
lished pancreatic cancer cells resistant to Cisplatin 
(DDP), and compared the expression of miR-203 
and DJ-1 in parental and drug-resistant pancreatic 
cancer cells. In addition, miR-203 overexpression 
intervention was performed to explore whether 
miR-203 plays a role in regulating DJ-1 expression 
and affecting proliferation and apoptosis of pancre-
atic cancer cells.

In this study, the Dual-Luciferase gene reporter 
assay showed that transfection of miR-203 mimic 
significantly reduced the relative luciferase activi-
ty of pGL3-DJ-1-WT transfected HEK293T cells, 
without affecting the relative luciferase activity 
in HEK293T cells transfected with pGL3-DJ-1-
MUT, indicating that there is a targeted regulation 
relationship between miR-203 and DJ-1 mRNA. 
The results of CCK-8 assay showed that DDP 
could significantly inhibit the proliferation of pan-

creatic cancer SW1990 cells at the same dose, but 
had little effect on the proliferation of SW1990/
DDP cells, indicating that DDP-resistant pancre-
atic cancer SW1990/DDP cells were successful-
ly established. The results of comparative study 
showed that compared with HPDE6-C7 cells 
cultured in normal pancreatic ductal epithelium, 
the expression of miR-203 in pancreatic cancer 
SW1990 cells was significantly decreased, and the 
expression of miR-203 was the lowest in drug-re-
sistant SW1990/DDP cells. The expression of 
DJ-1 in pancreatic cancer SW1990 cells was sig-
nificantly increased, and the expression of DJ-1 in 
resistant SW1990/DDP cells increased more. The 
results showed that the decreased expression of 
miR-203 plays a role in up-regulating the expres-
sion of DJ-1, and is not only related to pancreatic 
cancer, but also involved in the regulation of drug 
resistance in pancreatic cancer cells. At present, 
several studies have confirmed that the abnormal 
expression of miR-203 is associated with pancre-
atic cancer. For example, Ali et al21 showed that 
the expression of miR-203 in tumor tissues of 
pancreatic cancer patients is abnormally elevated 
compared with normal pancreatic tissue. Ikenaga 
et al22 showed that the expression of miR-203 was 
abnormally elevated in tumor tissues of patients 
with pancreatic cancer compared with chronic 
pancreatitis. The prognosis of those with higher 
expression of miR-203 was worse than those with 
lower expression. Conversely, this study found 
that the expression of miR-203 was significantly 
decreased in pancreatic cancer cell lines, and the 
decrease in the expression of miR-203 was also 
associated with the drug resistance of pancreatic 
cancer cells.

This research further explored the role of miR-
203 and DJ-1 in affecting pancreatic cancer cell 
proliferation, apoptosis, and DDP resistance. The 
results showed that overexpression of miR-203 
significantly inhibited the expression of DJ-1 in 
drug-resistant pancreatic cancer SW1990/DDP 
cells, which increased the expression of PTEN 
and decreased the expression of p-AKT, reduced 
cell proliferation and increased cell apoptosis, 
indicating that miR-203 regulates the expression 
of DJ-1, affects the activity of PTEN-PI3K/AKT 
pathway, and plays a role in the regulation of pro-
liferation, apoptosis and drug resistance of pan-
creatic cancer cells. In the study of the relation-
ship between miR-203 and the biological effects 
of pancreatic cancer cells, Miao et al10 showed 
that there is a targeted regulation between miR-
203 and caveolin-1 in pancreatic cancer Panc-1 
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cells. Overexpression of miR-203 can inhibit the 
expression of caveolin-1, upregulate epithelial cell 
markers Snail, ZO-1, β-catenin, down-regulate 
the interstitial markers Zeb-1, vimentin, fibronec-
tin, and inhibit the migration and invasion of 
Panc-1 cells. In this study, increasing the expres-
sion of miR-203 significantly inhibited the prolif-
eration of pancreatic cancer cells, induced apop-
tosis, decreased cell resistance, and had a tumor 
suppressive effect on pancreatic cancer, which 
was consistent with Miao et al10. In the research 
of the relationship between DJ-1 and pancreatic 
cancer, Chen et al23 showed that the expression of 
DJ-1 in peripheral blood serum of patients with 
pancreatic cancer was significantly higher than 
that of healthy controls, and DJ- 1 expression was 
related to the degree of tumor cell differentiation; 
down-regulation of DJ-1 expression can induce 
cells to promote apoptosis of pancreatic cancer 
cells, enhance the sensitivity of pancreatic can-
cer cells to gefitinib, and increase the expression 
of DJ-1 can enhance the resistance of pancreatic 
cancer cells to apoptosis and increase the resis-
tance of gefitinib in pancreatic cancer cells. He 
et al24 showed that compared with chronic pan-
creatitis and healthy controls, the expression of 
DJ-1 in peripheral blood serum of patients with 
pancreatic cancer was abnormally elevated, and 
the higher the expression of DJ-1, the worse the 
patient’s prognosis, the lower the survival rate. 
The data of He et al25 showed that the expression 
of DJ-1 was significantly increased in tumor tis-
sues of patients with pancreatic cancer, and the 
expression of DJ-1 was related to the clinical 
stage and prognosis of patients. Abnormally ele-
vated DJ-1 expression can activate the SRC/ERK/
uPA signaling pathway to promote the migration 
of pancreatic cancer cells and enhance the inva-
sion ability of pancreatic cancer cells. The results 
of this study also revealed that abnormal expres-
sion of DJ-1 plays a role in the drug resistance and 
malignant biological characteristics of pancre-
atic cancer, similar to the results of Chen et al25 
and He et al27. This study combines the targeting 
regulation between miR-203 and DJ-1, revealing 
that miR-203 targets DJ-1, affects the activity of 
PTEN-PI3K/AKT pathway, and regulates the pro-
liferation and apoptosis of pancreatic cancer cells. 
However, whether miR-203 targets DJ-1 to affect 
the drug resistance of pancreatic cancer in vivo 
is unclear. It is required to collect drug-sensitive 
patients and drug-resistant patients’ tumor tissues 
to detect the difference of expression of miR-203 
and DJ-1. 

Conclusions

The decreased expression of miR-203 and the 
increased expression of DJ-1 are associated with 
drug resistance in pancreatic cancer cells. Elevat-
ed miR-203 can inhibit the expression of DJ-1, 
affect the activity of PTEN-PI3K/AKT pathway, 
inhibit the proliferation of pancreatic cancer cells, 
induce cell apoptosis, and reduce the DDP resis-
tance of pancreatic cancer cells.
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