European Review for Medical and Pharmacological Sciences 2019; 23: 3080-3087

Over-expression of DJ-1 attenuates effects
of curcumin on colorectal cancer cell
proliferation and apoptosis
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Abstract. — OBJECTIVE: The phosphatase
and tensin homologue deleted on chromosome
ten (PTEN) acts as a tumor suppressor gene by
inhibiting the phosphatidylinositol 3-kinase/pro-
tein kinase B (PI3BK/AKT) signaling pathway. DJ-1,
a negative regulator of PTEN, is associated with
the pathogenesis of a variety of tumors. Curcum-
in (Cur) is a phenolic compound that is extracted
from various plant rhizomes with various 3 Color, ancer (CRC) is a common clinical
mor pharmacological effects. This study a@s aalionant tumor in the digestive tract. Its inci-
investiggte the effects of Cur on proliferati nts for the third among the malignant
apoptosis of colorectal cancer cells. mors of the whole body'. CRC is characterized
by the occult onset, easy metastasis, and poor
prognosis. Although early diagnosis and clinical
treatment techniques have been greatly improved,

; the overall efficacy of CRC is still poor.
and PTEN mRNA and pro ely. Phosphatase and tensin homologue deleted
apoptosis was determi i on chromosome ten (PTEN) is a negative reg-
tsr‘tle‘;‘ltsn?eﬁ"z :‘:)el:s divided ulator of phosphatidylinositol-3 kinase (PI3K)/
and Cur+pcDNAé. protein kinase B (AKT/PKB) s1g‘na11ng pqth-
tion activity was way, and therefore it plays a role in regulating
cell proliferation, migration, and invasion®®
DJ-1/Parkinson gene 7 (PARK?7) is a negative
regulator of PTEN that can activate phospha-
tidylinositol 3-kinase/protein kinase B (PI3K/
AKT) signaling pathway through inhibiting
PTEN, thus to be involved in cell apoptosis and
proliferation as an oncogene®. Curcumin (Cur)
is a polyphenolic substance extracted from the
rhizome of Curcuma longa. Researchers”® found
that Cur regulates cell proliferation, apoptosis,
. ST migration, and invasion to play the anti-tumor

gthened cell proliferation in

treated by Cur (p<0.05). effect. I.t was obser\{ed thgt Cur plays a regulato-
iS: Cur can inhibit colorectal ry role in CRC proliferation, apoptosis, and me-
cer ceII proliferation and promote apopto- tastasis®!2. It was reported that Cur plays a role
s by down-regulating DJ-1 expression to reg- in regulating the activity of PTEN-PI3K/AKT
the activity of PTEN/PI3K/AKT signaling signaling pathway'>'%. Since DJ-1 is a negative
. regulator for the PTEN, it is unclear whether

cumin, DJ-1, PTEN/PI3K7AKT, Proliferation, Col-

orectal cancer cell line (SW480 ag
cultured in vitro. Real-time qu
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Cur can regulate PTEN/PI3K/AKT signaling (Mode: FORMA 3131, Thermo Electron
pathway through targeting DJ-1 in CRC. Waltham, MA, USA). The cells were 2

Materials and Methods Ethics Committee of Zibo Centy
Shandong, China.

Instruments and Reagents

The human colorectal cancer cell line, SW480 Cell Treatment and
and SW620, and the normal colorectal epithelial The NCM460, SW4
cell line (NCM460) were purchased from Beijing cultured in vitro a
Beina Biotechnology Co., Ltd. (Beijing, China). plates (Corning, Co
Competent cell JM109 was purchased from well). After adh
Shanghai Shengsheng Biotechnology Co., Ltd. with 0, 10, or
(Shanghai, China). Roswell park memorial insti- After that,
tute-1640 (RPMI-1640) and penicillin-streptomy- each well
cin were purchased from HyClone (South-Logan,
UT, USA). Optional Minimum Eagle’s Medium
(Opti-MEM) medium and fetal bovine serum
(FBS) were purchased from Gibco BRL. Co. Ltd.
(Grand Island, NJ, USA). TRIzol and lipofect-
amine 2000 were purchased from Invitrogen/Life
Technologies (Carlsbad, CA, USA). PcDNA3.1
vector was purchased from Thermo Scientific
Pierce (Rockford, IL, USA). PrimeScript™
RT reagent Kit was purchased from Tgdaa
Biotechnology Co. (Dalian, China). C
purchased from Sigma-Aldrich (St. Louis
USA). EdU Apollo 488 Flow Cytometr
was purchased from Ribobio (Cat No C10

o amplify the CDS region of DJ-
gene. The size of the target fragment was de-
Py gel electrophoresis. After digested
vith Xho I and BamH 1, it was inserted into the
pcDNA3.1 vector to transform competent cell
JM109. The positive strain was screened for am-
picillin resistance, and the plasmid was extracted
after amplification. The inserted target fragment
of the DJ-1 gene was determined by sequencing
and named as pcDNA3.1-DJ-1. The empty vector
pcDNA3.1-Blank was used as a control.

SW480 Cell Transfection

SW480 cells were divided into Cur+pcDNA3.1-
Blank group and Cur+pcDNA3.1-DJ-1 group.
Lip2000, pcDNA3.1-Blank, and pcDNA3.1-DJ-1
were diluted with Opti-MEM medium, and incu-
bated for 5 min at room temperature, respectively.
The mixture was added to the cell culture medi-
um for 6 h. Next, after changing the medium, the
om MedchemExpress cells were further cultured for 72 h. At last, the
SA). Cell counting-kit cells were collected by the enzyme.
purchased from Dojindo
es (Rockville, MD, USA). SW480 Treatment

SW480 cells were divided into four groups,
including control, 20 pM Cur treatment
< 480, and SW620 cells were cul- group, Cur+pcDNA3.1-Blank  group, and
ed in RPMI 1640 medium containing 10% FBS Cur+pcDNA3.1-DJ-1 group. The Ilatter three
%o penicillin-streptomycin. The cells were groups were treated by 20 uM Cur. Before Cur
ed at incubator with 37°C and 5% CO, treatment, the cells were added with EdU solution
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at 10 uM for 120 min. After Cur treatment, the
cells were digested by trypsin (Beyotime Biotech.
Shanghai, China) and fixed in 4% paraformalde-
hyde (Sigma-Aldrich, St. Louis, MO, USA) for
15-30 min. Next, the cells were neutralized by 2
mg/ml glycine and incubated in 5% TritonX-100
(Biyotime Biotech. Shanghai, China) at room
temperature for 10 min. Then, the cells were in-
cubated in 500 pl Apollo reaction fluid (Apollo
Endosurgery Inc., Austin, TX, USA) at room tem-
perature avoiding the light for 10 min. At last, the
cell was tested on FC500 MCL flow cytometry
(Beckman, Germany).

Cell Apoptosis Detection

The cells were digested by the enzyme and
collected. After re-suspended in 100 pl binding
buffer, the cells were added with 5 pl Annexin
V-FITC and 5 pl PI at room temperature avoid-
ing the light for 15 min. Then the cells were test-
ed on flow cytometry (Mode: FC500, Beckman,
Germany).

Real-Time PCR (RT-PCR)
The total RNAs of NSCs was extys
by utilizing the TRIzol reagents (Be

mentary DNAs (cDNAs) were synthesized
the PrimeScript RT reagent Kit (TaKaRa, Da

complementary DNA (cDNA). 4
mRNAs were amplified by
tion system (TaKaRa, Dalj
composed of 2xSYBR @
pm/1 forward and reve

for 5 min. The reac-
d CFX96 at 95°C

ne expressions
using a gel scanning system

Western Blot
The total protein was extracted frog

rated by 10% sodium dodecyl s
amide gel electrophoresis (SDS- '
Biotechnology, Shanghai,
to polyvinylidene difluo
Biosciences, Little C
UK) membrane at3

econdary antibody
m temperature for 60 thin (1:10000). At last,
treated by enhanced chemi-
, Beyotime Biotechnology,
gent and developed.

®Software (SPSS, Inc., Chicago, IL,
A) was applied for data analysis. The measure-
were presented as mean =+ standard de-
atlon (SD). The Student’s #-test was used to com-
pare differences between the two groups. Tukey’s
post-hoc test was used to validate the analysis of
variance (ANOVA) for comparing measurement
data among groups. p<0.05 was depicted as a sig-
nificant difference.

Results

DJ-1 Up-Regulated, while PTEN
Decreased in Colorectal Cancer Cells
Quantitative real-time PCR (QRT-PCR) showed
that compared with normal colorectal epitheli-
al NCM460 cells, DJ-1 mRNA was significant-
ly increased (p<0.05), while PTEN mRNA was
significantly declined in SW480 and SW620 cells

different concentrations of Cur on cell proliferation.

0 pum 10 uM 20 uM
elative cell survival (%) NCM460 100+5.23 102.19+9.22 93.81+8.26
SW480 100+6.03 71.88+6.35 48.79+5.31
SW620 100+7.56 89.56+7.17 70.35+6.22
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Table Il. The impact of different concentrations of Cur on cell proliferation.

0 uM 10 uM
Relative cell survival (%) NCM460 100+5.23 102.19+9.22
SW480 100+6.03 71.88+6.35
SW620 100£7.56 89.56+7.17

with malignancy dependence (Figure 1A, B).
Western blot demonstrated that DJ-1 protein was
markedly enhanced, whereas PTEN protein was
apparently declined in SW480 and SW620 cells
compared with normal lung epithelial NCM460
cells (Figure 1B).

Cur Treatment Significantly Inhibited
Colorectal Cancer Cell Proliferation and
Promoted Cell Apoptosis

CCK-8 assay revealed that different concentra-
tions of Cur showed a similar impact on the pro-
liferative activity of normal colorectal epithelial
NCM460 cells (Table II). Cur treatment marked-
ly inhibited SW480 and SW620 cell proliferation
with dose and malignancy dependence (Table II).

Flow cytometry detection demonstrate
Cur treatment apparently induced SW:
SW620 cell apoptosis with dose and mali
dependence (Figure 2A, B).

in SW480 Cells
gRT-PCR showed tha
DJ-1 mRNA level and o

PTEN

expression in SW480
(Figure 3A, B). Wes
Cur reduced DJ-1
PTEN protein

treatment signifi-
mRNA and elevat-
in SW480 cells (Figure 4A,
transfection significantly in-
and reduced PTEN mRNA
0 cells (p<0.05). Western blot

-AKT protein expression (Figure 4C,
.05). Flow cytometry results showed that Cur
significantly inhibited SW480 cell proliferation
(Figure 4D, p<0.05) and increased cell apoptosis
(Figure 4E, p<0.05). pcDNA3.1-DJ-1 transfection
alleviated the inhibition of Cur on SW480 cell
proliferation and significantly reduced apoptosis
(p<0.05).

B
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PTEN
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Figure 2. Cur treatment induced CRC cell apoptosis. 4, Flow cytometry detecti
detection of SW620 cell apoptosis. ‘p<0.05, compared with 0 uM.

Discussion
ith a molecular weight of 21
amino acids®. DJ-1 is a neg-
EN, which attenuates the in-
EN on PI3K/AKT signaling
ssing the expression and func-
ereby indirectly activating PI3K/
ignaling pathway, reducing apoptosis, and
ell proliferation®.

Increasmg evidence indicated that Cur has
anti-tumor effects, such as inhibiting tumor cell
proliferation, promoting tumor cell apoptosis,
anti-angiogenesis, and restraining invasion and
and expression of various dg . migration”®. It was showed that Cur plays a role
PTEN is the only tumor sy g i in regulating the PTEN-PI3K/AKT pathway'*!.
ered that has dual activiggm Since DJ-1 is a negative regulator of PTEN, it is
and phosphatase. P unclear whether Cur may affect the PTEN/PI3K/
PIP3 to antagonize AKT pathway by regulating DJ-1. This study
tion via PIP3 ph investigated the role of Cur in regulating DJ-1-
ly regulate PI3 PTEN/PI3K/AKT pathway activity, colorectal
cancer cell proliferation, and apoptosis.

When the PI3K/AKT pathway is activated,
P13K can be transformed in phosphatidylinositol
3.,4,5-triphosphate (PIP3) by catalyzing phosphati-
dylinositol 4,5-trisphosphate (PIP2). PIP3 recruits
AKT from the cytoplasm to the membranasand
phosphorylates loci Ser473 and Thr308 <&
under the action of phosphoinositide-dep
protein kinase (PDK). Phosphorylation-acti
AKT further activates downstream si
molecules to participate in cell growth, surv
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2.0 %
1.6
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Relative PTEN mRNA expression
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re 3 Cur treatment suppressed DJ 1 expression and upregulated PTEN expression. A, qRT -PCR detectlon of DJ 1
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Figure 4. DJ-1 over-¢
detection of DJ-1 mR
expression. D, Flow

ed to poor prognosis. Wu et al*! reported that
N level was obviously up-regulated in HCT-
nd SW480 cells and CRC tissues, which in-
RC cells proliferation, promoted apop-

tosis, attenuated cell invasion, and restrained tu-
morigenicity in animals. Ke et al*? revealed that
PTEN expression was markedly declined in CRC
tissues of patients and was associated with poor
prognosis. Sun et al** found that PTEN expression
in CRC tissues was apparently lower than that
in normal colorectal tissues. Over-expression of
PTEN in CRC LoVo and SW480 cells significant-
ly inhibited cell proliferation, arrested cell cycle
in G1 phase, and enhanced the drug sensitivity of
cells to 5-FU. They indicated that abnormal ex-
pression of DJ-1 or PTEN plays a role in CRC,
which was consistent with our results.
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In this study, different concentrations of Cur Conflict of Interest
significantly inhibited SW480 cell proliferation,
promoted cell apoptosis, down-regulated DJ-1
expression, and elevated PTEN level. It indicated
that Cur exerts an anti-tumor effect on CRC by re-

The Authors declare that they have no conflig
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