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Abstract. - OBJECTIVE: Phosphatidylinosi-
tol-3 kinase (PI3K)/protein kinase B (AKT) sig-
naling pathway is related to tumorigenesis by
up-regulating survivin. Phosphatase and tensin
homologue deleted on chromosome ten (PTEN)
can suppress PI3BK/AKT signaling pathway, while
DJ-1 is the negative regulator of PTEN. DJ-1
up-regulation is closely correlated with th
currence, progression, and drug resista
pancreatic cancer. MicroRNA-142 (MiR-14
significantly declined in pancreatic cance
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Introduction

Pancreatic carcinoma (PC) is a type of mali-
gnancy with poor curative effect and progno-
sis'?. Chemotherapy is an important method in
the treatment of PC. However, drug resistance is
an adverse factor that affects the curative effect’.
Therefore, investigating the mechanism of drug
resistance in the PC is of clinical significance to
increase the effect of chemotherapy as well as im-
prove the prognosis.

Survivin is a critical anti-apoptotic factor that
participates in regulating cell proliferation®’. It
was found that Survivin is one of the target genes
of phosphatidylinositol-3 kinase (PI3K)/protein
kinase B (AKT/PKB) signaling pathway. PI3K/
AKT signaling pathway activation promotes Sur-
vivin transcription and expression, suppressed cell
apoptosis, and facilitated cell proliferation. It is
closely correlated with various tumor occurrence,
progression, and drug resistance®®. Phosphatase
and tensin homologue deleted on chromosome ten
(PTEN) is a tumor suppressor gene that negatively
regulates PI3K/AKT signaling pathway and tumo-
rigenesis”!!. DJ-1 is a negative regulator of PTEN
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that can enhance the activity of the PI3K/AKT si-
gnaling pathway'*"*. DJ-1 is found abnormally in-
creased in several tumor tissues'*'°. It was showed
that DJ-1 significantly elevated in the tumor tis-
sue'” and peripheral blood of PC patients, sugge-
sting the potential tumor suppressor gene role of
DJ-1 in PC tumorigenesis'®'®, MiRNA is a type of
endogenous single-strand non-coding RNA with a
length of 22-25 nt which has been discovered from
an eukaryote. It plays a degrading or inhibiting
role in the transcription of more than 1/3 mRNAs
by binding with the 3’-UTR. Its relationship with
tumorigenesis attracts more and more attention".
MiR-142 significantly down-regulated in PC tis-
sue and cells, revealing that miR-142 might be a
tumor suppressor gene in PC**?'. Bioinformatics
analysis revealed a complementary binding site
between miR-142 and DJ-1. This study aimed to
evaluate the role of miR-142 in the regulation of
DJ-1 as well as in PC cell proliferation, apoptosis,
and adriamycin (ADM) resistance by establishing
ADM resistant PC cell line.

Materials and Methods

Main Reagents and Materials

Human normal pancreatic cell line HP
was purchased from Aolu Biotechnology (S
ghai, China). Human PC cell ljg

ghai, China). Roswell pa
1640 (RPMI-1640) medi
essential (Opti-ME
tomycin were purc

nd EdU flow cytome-
purchased from Ribo-

ogy (Cambridge, MA, USA).

buman PTEN and B-actin antibodies

USA). Annexin-V/propidium iodide (PI) apopto-
sis detection kit and cell counting kit 8 (CCK-8)

cell viability detection kit were purchased from
Dojindo Laboratories (Kumamoto, Japan). Tran-
sFast™ Transfection Reagent was purchased from
Promega (Madison, WI, USA). Lucife
ter plasmid pLUC was purchased frg
(Beijing, China). Luciferase activj
LightSwitch was obtained from
ranac Lake, NY, USA). Adri

analysis kit
e Motif (Sa-

Cell Culture
HPC-Y5 and SW

990/ADM Model
W1990 cells jmlogarithmic phase were trea-
by 0.1 pg/ml M for 24 h. Then, the me-
utill the cells can grow and
stably. Next, the concentra-
s gradually increased to 0.2 pg/
0.4 pg/ml, 0.8 ug/ml, 1.6 pg/ml, and 3.2 pg/
ell can grow stably in 3.2 ng/ml ADM
sh a cisplatin-resistant SW1990/ADM
cell line. SW1990 and SW1990/ADM cells were
treated by ADM at 0, 0.25, 0.5, 1, 2, 4, 8, 16, 32,
and 64 pg/ml. After 48 h, 10 pl CCK-8 cells were
added into the cells for 4 h and tested at 450 nm
to obtain the absorbance value (A450). Inhibitory
rate = (1- ADM group A450)/control A450 x100%.
IC,, was calculated by SPSS software (SPSS, Inc.,
Chicago, IL, USA). Resistance index (RI) = IC,
of SW1990/ADM/IC, of SW1990.

Dual-Luciferase Assay

The PCR products containing the full length of
DJ-1 gene 3’-UTR or mutant segment were cloned
into pLUC followed by being transformed into
DH5a competent cells and subsequent selection
of the plasmid with the correct sequence. Then
pLUC-DJ-1-wt (or pLUC-DJ-1-mut) was co-tran-
sfected into HEK293T cells using TransFast™
Transfection Reagent together with miR-142 mi-
mic (or miR-142 inhibitor, or miR-NC). The lu-
ciferase activity was measured according to the
Light Switch manual after cultured for 48 h.

Cell Transfection and Grouping

SW1990/ADM cells were divided into five
groups, including mimic-NC, miR-142 mimic,
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Table I. Primers for the PCR.

Genes Primers
miR-142 Forward 5’-GCCACAAGGAGGGCTGGG
Reverse 5’-GAGCGCCGAGGAAGATG
DJ-1 Forward 5’-CGGGGTGCAGGCTT
Reverse 5’TCCGGTTTTCCTGCY
PTEN Forward 5’-CACACGACGGGAAGA®
Reverse -CCTCTGGTCCTGGHMTGAA
GAPDH Forward
Reverse

si-NC, si-DJ-1, and miR-142 mimic + si-DJ-1
groups. Nucleotide fragments and TransFast™
Transfection Reagent were added to Opti-MEM
for incubation at room temperature for 20 min,
respectively. After that, they were added to the
cells and cultured in Opti-MEM. After incuba-
tion for 6 h, the medium was changed to RPMI-
1640 medium containing 10% FBS and 1% peni-
cillin-streptomycin and further cultured for 48 h
followed by detection.

Quantitative Real Time-PCR (qRT-PCR)

Total RNA was extracted using SPLIT
Extraction Kit for PCR analysis using
Script Green One-Step qRT-PCR SuperMiX
reaction system consisted of 1 pg RNA temp)
0.3 uM primers, 10 pl 2xTransStart T1p G
qPCR Supeerx 0.4 ul RT En

(Applied Biosystems,
the condition as fol

ay (RIPA) lysis buffer. A total
ated by 12% Sodium
amide Gel Electropho-
h and transferred to a
, the membrane was blocked
h primary antibody at 4°C
, PTEN, p-AKT, Survivin, and

for three times. At last, the protein expression

ffer was added into the cells
of cell apoptosis by FC 500
tometer (Beckman Coulter

bated for 48 h, cells were digested by trypsin and
fixed in 4% paraformaldehyde (Sigma-Aldrich, St.
Louis, MO, USA), followed by incubation in 1%
saponin and suspension in phosphate buffered sa-
line (PBS). At last, cells were stained with 500 pl
6-FAM Azide at room temperature under dark for
30 min and tested on FC 500 MCL/MPL flow cyto-
meter r (Beckman Coulter Inc., Brea, CA, USA).

Statistical Analysis

All data analyses were performed by SPSS
18.0 software (SPSS, Inc., Chicago, IL, USA).
The measurement data were presented as mean +
standard deviation (SD). The Student’s ¢-test was
used to compare the differences between the two
groups. Tukey’s post hoc test was used to valida-
te the ANOVA for comparing measurement data
among groups. p<0.05 was considered as statisti-
cal significance.

Results
MiR-142 Regulates DJ-1 Expression

MicroRNA.org online prediction revealed a
targeted binding site between miR-142 and 3’-
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Table II. IC50 of SW1990/ADM cells

Group IC50 (pug/mi)
miR-NC 22.71£1.13
miR-142 mimic 9.14+0.76a
si-NC 24.28+1.09
si-DJ-1 8.65+0.62b
miR-142 mimic+ si-DJ-1 5.75+0.45¢d

2p<0.05, compared with miR-NC, *p<0.05, compared with
si-NC, ¢p<0.05, compared with miR-142 mimic, 9p<0.05,
compared with si-DJ-1 group.

UTR of DJ-1 mRNA (Figure 1A). Dual luciferase
assay showed that miR-142 mimics or inhibitor
transfection significantly decreased or increased
the relative luciferase activity of HEK293 cells
transfected by pLUC-DJ-1-wt, while it showed
no statistical effect on the luciferase activity in
HEK?293 cells which were transfected by pLUC-
DJ-1-mut (Figure 1B), suggesting a regulatory
relationship between miR-142 and DJ-1 mRNA.

MiR-142 Down-Requlated, While DJ-1
Over-Expressed in SW'1990/ADM Ce

The IC, of SW1990 cells was 0.86 pg/
le it was 23.75 ug/ml in SW1990/ADM cell
RI was 27.61. The qRT-PCR showed that mi1
and PTEN mRNA levels were significantly lo
while DJ-1 mRNA level was dly higlh
in SW1990 cells compared vg

3 agguaUUUCAU-CCUU—2-UG

SEEEEE 1
5 UuugCcgGAAGUAUGGH

inhibitor

binding site between miR-142 the 3’-UTR of DJ-1
mRNA. B, Dual luciferase assay. ‘p<0.05, compared with
miR-NC.

cells. Similar results were observed in SW1990/
ADM cells compared with SW1990 (Figure 2A).
Western blot showed that DJ-1 protein expression

YPC-Y5 cells
astrated that

the cell apoptotic rate was si
gure 2C), while cell prolife

multiple biological behaviors, such as cell pro-
liferation, apoptosis, cell cycle, etc. It is closely
associated with embryonic development, angio-
genesis, and tumorigenesis. The kinase activi-
ty of PI3K phosphorylates PIP2 to PIP3, which
phosphorylates AKT at Ser473 and Thr308 with
the help of 3-phosphoinositide-dependent protein
kinase 1 (PDK1) and 3-phosphoinositide-depen-
dent protein kinase 2 (PDK?2). Phosphorylated
AKT further participates in gene transcription
and translation that regulates cell proliferation,
cell cycle, apoptosis, and invasion?’. As the stron-
gest factor in inhibitor of apoptosis protein (IAPs)
family, Survivin antagonizes cell apoptosis by
suppressing Caspase-3 and Caspase-7 activities®.
In addition, Survivin up-regulation is related to
the enhancement of cell proliferation®. Survivin
is one of the important target genes of PI3K/AKT
signaling pathway. PI3K/AKT pathway promo-
tes Survivin gene transcription and expression,
and inhibits cell apoptosis, and accelerates cell
proliferation. It is related to multiple cancers oc-
currence, progression, and drug-resistance, in-
cluding gastric cancer®, endometrial cancer’, and
colorectal cancer®. PTEN is the only discovered
tumor suppressor gene with the dual activity of
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Figure 2. MiR-142 down-regulated, while DJ-1 over-expressed in
sion. B, Western blot detection of protein expression. C, Flow cytot
of cell proliferation. ®p<0.05, compared with HPC-Y5 cells,’»p<0.0

protease and phosphatase. It plays an in
role in tumorigenesis through negatively rd
ting PI3K/AKT signaling pathway, such as
Ibladder carcinoma’, breast cancer'®,

cancer'!. DJ-1, also known as Pasgms

se (PD)**, DJ-1 involve
processes, such as
chaperone, cell prolj

PI3K/AKT si
inhibitory

4 and lun¥ cancer®. It was
significantly elevated in the
i al blood'®!® of PC pa-

sis. MiR-142 significantly
tissue and cells, revealing
be a tumor suppressor gene in
giiormatics analysis revealed a com-

chemotherapy drugs. This study investigated the
role of miR-142 in the regulation of DJ-1, PC cell
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HPC-Y5 SW1990  SW1990/ADM
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D)1 —

SW1990

qRT-PCR detection of gene expres-
poptosis. D, EAU staining detection

plishing ADM resistant PC cell line.

Dual™uciferase assay showed that miR-142
mimics or inhibitor transfection significantly re-
duced or increased the relative luciferase activity
of HEK?293 cells transfected by pLUC-DJ-1-wt,
while it did not exhibit any statistical effect on
the luciferase activity in HEK293 cells tran-
sfected by pLUC-DJ-1-mut, suggesting a regu-
latory relationship between miR-142 and DJ-1
mRNA. MiR-24 and PTEN mRNA levels were
significantly lower, while DJ-1 mRNA expres-
sion was significantly higher in SW1990 cells
compared with HPC-YS cells. Similar results
were observed in SW1990/ADM cells compa-
red with SW1990. It indicated that miR-142 and
PTEN reduction, and DJ-1 elevation are related
not only to PC tumorigenesis, but also ADM resi-
stance enhancement. Lu et al?’ reported that miR-
142 significantly declined in PC cell line PANC-
1, SW1990, Hup, and CFPAC-1 compared with
normal pancreatic cell HPC-Y5. Moreover, miR-
142 significantly declined in PC tumor tissue
compared with adjacent normal control. In this
study, the miR-142 level was markedly lower in
PC cells than normal pancreatic cells, suggesting
that miR-142 down-regulation was a tumor-pro-
moting factor in PC, which was similar with
Lu et al®* findings. Ohuchida et al*' established
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Figure 3. MiR-142 over-expression attciaiste
sion. B, Western blot detection of prg
of cell proliferation. *p<0.05, comp
4p<0.05, compared with si-DJ-1

e in SW1990/ADM cells. A, qRT-PCR detection of gene expres-
ytometry detection of cell apoptosis. D, EdU staining detection
ompared with si-NC, ©p<0.05, compared with miR-142 mimic,

in drug-resistant cells, suggesting that DJ-1 was a
promoting factor in PC occurrence and drug resi-
stance, which was confirmed by Chen et al'® and
Tsiaousidou et al”’. Further investigation showed
that miR-142 mimics and/or si-DJ-1 transfection
markedly enhanced PTEN level, reduced p-AKT
and Survivin expressions, attenuated cell proli-
feration, enhanced cell apoptosis, and weakened
ADM resistance. Lu et al?® showed that miR-142
declined, while PC cell proliferation and inva-
sion enhanced under hypoxia condition. MiR-
142 over-expression attenuated PC cells SW1990
and PANC-1 proliferation, EMT, and invasion by
restraining hypoxia-inducible factor 1 (HIF-1a).
MacKenzie et al*’ exhibited that miR-142 up-re-
gulation weakened PC cells MIA PaCa-2 and
Capan-1 proliferation through targeting HSP-70

f PC patients compared with
Tsiaousidou et al'” demonstrated
abiormally elevated in PC tumor tissue
d was negatively correlated with chemotherapy
itivity, indicating that DJ-1 over-expression
¥sociated with PC tumorigenesis and drug

resistance. In this study, DJ-1 increased in PC
cells, while its increasing amplitude was larger

expression. Ohuchida et al*® also showed that
miR-142 level was significantly higher in patients
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with better survival and prognosis after Gemci-
tabine treatment, suggesting that miR-142 may
be related to drug resistance. This research found 5)
that miR-142 elevation reduced PC malignancy

and attenuated drug resistance, which was sup-

ported by MacKenzie et al*” and Ohuchida et al?'. 6)
Chen et al [18] reported that DJ-1 level was hi-
gher in Gemcitabine resistant MIA PaCa-2 cells
compared with parental cells, while down-regu-
lation of DJ-1 enhanced Gemcitabine sensitivity
and apoptosis in MIA PaCa-2 cells, which was
similar with our results. We revealed that miR-
142 reduction plays a role in down-regulating
PTEN, enhancing PI3K/AKT signaling pathway, 8)
and promoting PC drug resistance.

Conclusions 9)

We found that miR-142 down-regulation and
DJ-1 over-expression are associated with DM
resistance in PC cells. MiR-142 over-expression
weakened ADM resistance in pancreatic cancer
cells by targeting DJ-1 to enhance PTEN expres-
sion and attenuate PI3K/AKT signaling pa
activity.
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