European Review for Medical and Pharmacological Sciences 2018; 22: 5033-5041

Effects of curcumin on the role of MMP-2 in
endometrial cancer cell proliferation and invasion

M.-X. SUN', F. YU?, M.-L. GONG', G.-L. FAN?, C.-X. LIU?

'Department of Obstetrics and Gynecology, Beijing Chaoyang Hospital West, Beijing P.R. China
’Department of Obstetrics and Gynecology, Jining Medical College Affiliated Hospital, Shandong,

P.R. China

3Department of Obstetrics and Gynecology, Zibo City Qi Du Hospital, Shandong, P.R. China

Abstract. - OBJECTIVE: This study aims to
investigate the effect of curcumin concentra-
tions on the proliferation and invasion of endo-
metrial cancer cells.

MATERIALS AND METHODS: Endometri-
al cancer cells were cultured with 0, 15, and 30
umol/l curcumin, and were divided into control
group, low concentration group, and high con-
centration group. The treatment included the
silencing and overexpression of MMP-2. The
expression of MMP-2 and E-cadherin were de-
tected by Western blot and the expression lev-
el changes were recorded after MMP-2 was sj-
lenced and overexpressed. Pearson’s analy
was used to determine the relationship of cu
cumin concentration between MMP-2 g

cancer cells in three groups. Trans
assay was performed to analyze
hibition rate in the three group

RESULTS: Western blot
MMP-2 expression leve
E-cadherin was higher,

erexpression
led that the cur-
with the MMP-2g =-0.497, p=0.036). Cell
optical density wa@lower with curcumin and the
lowest was in high centration group (p<0.01).
After MMP-2 silencing, optical cell density de-
creased and this value increased after overex-
pression (p=0.000). Cell invasion results: Cur-
cumin improves the rate of cell invasion (p<0.01).
After silencing of MMP-2, cell invasion inhibition
rate increased, while the invasion inhibition rate
decreased after overexpression (p<0.01).

CONCLUSIONS: Curcumin can downregulate
MMP-2, inhibit the proliferation and invasion of
cancer cells.
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ale death. At present, the main clini-
nt for endometrial cancer is surgery
therapy. However, common complica-
after surgery and the unknown mechanism
of malignant cancer cell proliferation, invasion,
and muscle infiltration often makes treatment less
desirable’, resulting in higher patient mortality.
To further improve the treatment program and
patient prognosis, the basic research direction of
clinical search at present is to explore the patho-
genesis of cancer, cancer cell proliferation and in-
vasion, and other influencing factors.

The research on cancer cell proliferation and
invasion factors has attracted much attention in
recent years. Among these, matrix metalloprotei-
nase (MMP) has become a focus of research due
to its ability to inhibit tumor cell invasion and me-
tastasis. A large number of studies** have shown
that MMP can degrade the extracellular matrix
(ECM) in a large number of protein componen-
ts, and play a key role in the tumor development
process. Related literature®’ reported that the NF-
Kb/MAPK signaling pathway can downregulate
MMPs that inhibit cancer cell proliferation and
metastasis, inducing apoptosis in cancer cells.
This suggests that MMP plays an important role
in the proliferation of endometrial cancer cells.

Curcumin is a chemical component extracted
from the rhizomes of a plant. In addition to its
use in food processing, modern medical resear-
ch has confirmed that curcumin has hypolipide-
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mic, antitumor, and anti-oxidation effects®. Re-
cent studies have also found that curcumin has
strong tumor inhibitory activities, which further
confirms its antitumor effect. At present, curcu-
min and digestive system tumors, breast cancer
and other tumor cell proliferation, invasion and
metastasis have been extensively investigated®,
as well as its relationship with the development
of endometrial cancer. However, the study on
the mechanisms of cancer cell proliferation and
invasion remains non-exhaustive. In addition,
MMP is an important factor that affects the in-
vasion and metastasis of cancer cells, and this is
most likely associated with the effect of curcu-
min on the proliferation of endometrial cancer
cells. Therefore, this work aimed to investigate
the molecular changes of endometrial carcino-
ma cells under different concentrations of cur-
cumin, in order to further explore the molecular
mechanism of curcumin on the proliferation of
cancer cells, to find a potential object for the tre-
atment of endometrial cancer.

Materials and Methods

Experimental Materials and Instrument.
Ishikawa human endometrial cancer cclia

. adherin monoclonal
antibody, anti-hugn matrix metalloproteinase-2
(MMP-2) monoclon® antibody, and horseradish
peroxidase-labeled goat anti-rabbit secondary an-
tibody were purchased from Shanghai ExCell Bio
Co. Ltd. The primers and the reverse transcription
kit were purchased from Hanbio Biotechnology
Co. Ltd. Instruments include: Cell Counting Kit-8
(CCK-8; Dojindo, Japan); StepOnePlus Real-Time
PCR System (Applied Biosystems, Foster City,
CA, USA); Western Blotting Analysis System (GE
Healthcare Life Sciences, HyClone Laboratories,
South Logan, UT, USA); WD-9413A gel imaging
analyzer; MD spectraMax M5 full-wavelength
microplate reader (Molecular Devices, Jan Jose,
CA, USA); inverted microscope; centrifuge.
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Cell Culture

Ishikawa cells were cultured in DMEM-F12
medium containing 10% fetal bovine serum at
37°C with 5% CO, until adherent growth. Then,
the status of these cells was observed until cells
reached 80% confluence. The cells were digested
with 0.25% trypsin and passaged, and their loga-
rithmic growth phase was tested.

Cell Treatment and Groupings

The curcumin solution was prepared. After the
pre-screening test, the experimental design con-
centration gradients used were O pmol/1, 15 pmol/1,
and 30 pmol/l. According s were divided into
three groups: (1) experg Qutrol group, expe-
rimental cells werg tr8 ) wmol/l of cur-

ere constructed and carried out by Sino-
max (Beijing, China). The ShRNA interfe-
rence MMP-2 adenovirus sequence was designed
as 5-CCGGGCTGAAGGACACACTAAA-
GAACTCGAGTTCTTTAGTGTGTCCTTCA-
GCTTTTTG-3". After 24 hours of infection, dose
screening of stably transfected cells was con-
ducted, cells were stored at 37°C, and 5% of cells
were placed in an incubator for further culture.

Detection of Endometrial Cancer
Cell Proliferation by CCK-8

The above three groups of cells were placed in
96-well plates, and approximately 100 ul of cell
suspension per well was incubated at 37°C with
5% CO, for 24 hours. After adding 10 wl of the
CCK-8 solution to each hole for a period of time,
the subsequent treatment of cells was perfor-
med. The optical density (OD) of different con-
centrations of curcumin was determined using a
full-wavelength microplate reader at 450 nm. The
concentration was plotted as the abscissa, and the
OD values of each group are plotted as the ordina-
te. Then, changes in the 6d proliferation situation
of the three groups of cells and the proliferation
situation after subsequent treatment were obser-
ved. The proliferation of cells was calculated by
averaging the five holes. The experiment was re-
peated in triplicate.
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Transwell Invasion Assay

Cell invasion: matrigel glue diluted at 7:1 was
used to cover the upper chamber of the transwell.
Then, 100 ul of 0.25% trypsin-digested cell su-
spension was added to the chamber, and 600 ul
of medium containing 100 ml fetal bovine serum
was added to the lower chamber. Cells were cul-
tured with 5% CO, at 37°C for 24 hours and were
removed from the transwell chamber. Then, the
culture medium in the hole was discarded, wa-
shed two times with PBS, fixed with methanol for
30 minutes, and air dried. Next, cells were dyed
with 0.1% crystal violet for 20 minutes, non-mi-
gratory cells from the upper layer were gently
wiped, cells were washed with PBS, cells were
observed and counted in five fields at 400x ma-
gnification, and the average value was taken. The
experiment was repeated in triplicate. Cell inva-
sion inhibition rate was calculated as follows: cell
invasion inhibition rate (%) = (1 — the number of
cells in the invasive group / the number of cells in
the control group) x 100%.

Western Blot

Cells were trypsin-digested, washed with PBS
two times, lysed with radioimmunoprecipitati
assay (RIPA) lysis buffer, oscillation centrifug
tion, and the protein supernatant was collgg

at a constant voltage of
tely 120 minutes and a
of 300 mA for 60

@ antibody and rabbit
monoclonal antibody and
nt 4°C. After washing the
film with Tris-buffered saline (TBS), cells were
incubated with horseradish peroxidase-labeled
goat anti-rabbit IgG secondary antibody at room
temperature for one hour and washed three times
with TBS.

Real-Time Quantitative PCR

After 24 hours of cell transfection, TRIzol so-
lution was added, blowing mixed and cells were
lysed. Then, 200 wl of chloroform was added to
fully oscillate, cells were centrifuged for 15 mi-
nutes, and the supernatant was collected. Next,
an equal volume of isopropanol was added to the
supernatant. After centrifugation for 10 minutes,
the RNA precipitate was collected, washed with
75% ethanol, dried on a clean bench, and then,
an amount of Diethyl pyrocarbonate (DEPC)

was added to dissolve the precipitate. Reverse
transcription was used to synthes1ze c¢DNA, and

.0 statistical software (IBM Corp.,
Statistics for Windows, Armonk,
was used for statistical analysis. The
ession level of MMP-2 and E-cadherin in the
three groups of cells was compared by single fac-
tor analysis of variance and multiple comparisons
between the groups was performed; the post-hoc
test was S-N-K method. Then, the effect of curcu-
min on the expression of MMP-2 and E-cadherin
was analyzed. Pearson’s correlation analysis re-
vealed a relationship between curcumin concen-
tration and MMP-2 content. To study the effect of
curcumin concentration and MMP-2 on the proli-
feration of cancer cells, repeated measures analy-
sis of variance was performed. Results revealed
that there were differences in cell proliferation
activity in the three groups when treated with 0
umol/l, 15 pmol/l, and 30 umol/l of curcumin for
six days. The proliferation activity of these three
groups of cancer cells was compared again after
MMP-2 silencing and MMP-2 overexpression.
Changes in the invasion rate of cancer cells un-
der different concentrations of curcumin and sub-

Table I. Primer sequence for real-time fluorescent quantitative PCR.

Prime Sequence (5-3)

MMP-2 F) TACGATGGAGGCGCTAATGG R) CAGGTATTGCACTGCCAACTC
E-cadherin F) ACAGCACGTACACAGCCCTA R) CAGAAGTGTCCCTGTTCCAG
B-actin F) TTGCGTTACACCCTTTCTTG R) ACTGCTGTCACCTTCACCG
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sequent cell treatments were analyzed by z-test.
p<0.05 was considered statistically significant.

Results

The Results of Western Blot
in Each Group

The Western blotting results are shown in Fi-
gure 1. Single factor analysis of variance showed
that there were significant differences among the
three groups in the protein content of MMP-2
and E-cadherin (p<0.05). After curcumin treat-
ment, compared with that in the control group,
MMP-2 protein expression in cells significantly
decreased, while E-cadherin protein expression
in cells increased significantly by S-N-K method.
Real-time fluorescence quantitative PCR resul-
ts revealed that the mRNA expression of MMP-
2 was lower in the low concentration group and
high concentration group, compared with that in
the control group by S-N-K method, respectively,
while the mRNA expression of E-cadherin incre-
ased, and the differences were statistically signi-
ficant (p<0.01). In the high concentration and low
concentration groups, results of S-N-K meth
revealed that the mRNA expression of MMP-2
the high concentration group was lower, yapile th
mRNA expression of E-cadherin hig
Figures 2).

Control 4 High .
group concentration
8 group
E-cadherin >
BME2 D . —

Figure 1. The expression of MMP-2 and E-cadherin in
cancer cells in the control group, high concentration group,
and low concentration group. The expression of MMP-2
protein in the low concentration group and high concentra-
tion group was lower than that in the control group and the
high concentration group was lowest; the protein expression
of E-cadherin increased; and the difference was statistically
significant (p<0.01).
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Figure 3. The differences of MMP-2 expression in endo-
metrial cancer cells after the silencing and overexpression
of MMP-2. Compared with the vector, the expression of
MMP-2 mRNA significantly decreased in cancer cells after
MMP-2 silencing and the difference was statistically signi-
ficant (“p< 0.001). Compared with the vector, the expression
of MMP-2 mRNA significantly increased in cancer cells
after overexpression and the difference was statistically si-
gnificant (°p < 0.001).
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Figure 4. The results of Western blot in endometrial can-
cer cells after the silencing and overexpression of MMP-2.
Compared with the vector, the expression of MMP-2 protein
decreased in cancer cells after MMP-2 silencing and it in-
creased after MMP-2 overexpression.

Vector

MMP-2

sed in cancer cells after MMP-2 silencing, compa-
red with the vector, and the difference was stati-
stically significant (p<0.01). After overexpression
treatment, MMP-2 protein and mRNA expression
significantly increased, and the difference was
statistically significant (»p<0.01) (Figures 3 and 4).

Correlation Analysis

The relationship between curcumin concentra-
tion and MMP-2 mRNA expression was further
analyzed. Pearson’s correlation analysis revealed
that the increase in curcumin concentration
negatively correlated with the increase in MMP
mRNA expression (r=-0.497, p=0.036) (Eigmce 5)
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Figure 5. Correlation analysis between curcumin concen-
tration and MMP-2 mRNA. Curcumin concentration was
negatively correlated with the expression of MMP-2 mRNA
and the difference was statistically significant.

Figure 6. Effect of curcumin concentration on the optical
density of cancer cells. Compared with that in the control
group, the cancer cell optical density in the low concentra-
tion group and high concentration group decreased, and the
difference was statistically significant (“p<0.005). Compa-
red with that in the low concentration group, the cancer cell
optical density in the high concentration group decreased,
and the difference was statistically significant (/»<0.005).
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ell Profferation Activity Results

CCK-8Btest results revealed that, compared
W n the control group, at curcumin con-
ations of 0 pmol/l, 15 pmol/l, and 30 pm-
ol/l; the endometrial cancer cell optical densi-
ty decreased. Furthermore, repeated measures
analysis of variance revealed that the difference
between these two groups was statistically signi-
ficant (p<0.05). Moreover, compared with that
in the high concentration and low concentration
groups, optical density decreased more signifi-
cantly, and the difference was statistically signi-
ficant (F=4.829, p=0.000). Among the different
time points, there were differences in optical
density among the three groups of cells. After
cell incubation on day 4, 5, and 6, optical den-
sity significantly decreased in the high concen-
tration and low concentration groups, compared
with that in the control group (p<0.01). On the
second day after culture, there was no signifi-
cant difference in optical density among these
three groups (p>0.05). Furthermore, optical den-
sity was slightly lower in the high concentration
group, compared with that in the low concentra-
tion group, and the difference was statistically
significant (p<0.01) (Figure 6).

Optical Density in Cells After MMP-2
Silencing and Overexpression

After shRNA treatment in the low concen-
tration group, compared with the vector, the
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Figure 7. Effect of the downregulation and upregulation of
MMP-2 genes on the optical density of cancer cells. Compa-
red with the vector, the cancer cell optical density increased
when MMP-2 was overexpressed in cells, and the difference
was statistically significant (“p<0.005); this value decreased
when MMP-2 was silenced (p<0.005).

absorbance value of cancer cells significantly
decreased (F=7.305, p=0.000), while this va-
lue increased when MMP-2 was overexpress
(F=6.411, p=0.000). Among the different cult

was overexpressed in cells,
was statistically significa

lance showed

nhibition rate was higher
in the high concentration group than in the low
concentration group, and this rate was higher
than that in the control group, and the diffe-
rence was statistically significant (p<0.01). In
the low concentration group, ShRNA silencing
of MMP-2 and overexpression treatment were
carried out on cells. It was found that after
MMP-2 silencing, cancer cell invasion inhibi-
tion rate increased by 22%, while after MMP-
2 overexpression, cancer cell invasion inhibi-
tion rate decreased by 15%; and the differences
were statistically significant (p<0.01) (Figures
8 and 9).
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Discussion

At present, there are nearly 200,000 new en-
dometrial cancer cases in China every year, and
its high morbidity and mortality rate has brought
great burden to society. Endometrial cancer is
common in middle-aged women, and postmeno-
pausal irregular vaginal bleeding is its significant
early clinical manifestation'™!". As a common gy-
necological malignancy, endometrial cancer tre-
atment and prognosis has been a point of concern
in clinic. At present, surgery, radiotherapy, che-
motherapy, and other methods have been mainly
used to treat endometria er in clinic. Howe-
€ main reasons
trolled, its va-

ith the proliferation, inva-
sis of cancer cells. Among these,
It of classification, have a wide
an important role in the invasion and
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Figure 8. Effect of curcumin concentration on the invasive
inhibitory rate of cancer cells. Compared with that in the
control group, the inhibition rate in the low concentration
group and high concentration group was higher, and the dif-
ference was statistically significant (“p<0.005). Compared
with that in the low concentration group, the inhibition rate
in the high concentration group was higher, and the diffe-
rence was statistically significant (®»<0.005).
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Figure 9. Effect of the downregulation and upregulation of
MMP-2 genes on the invasive inhibitory rate of cancer cel-
Is. Compared with the vector, the inhibition rate increased
after MMP-2 silencing, and the difference was statistically
significant (“p<0.005); this value decreased after MMP-2
overexpression (/»p<0.005).

as an anti-tumor effect, and
its relationship with a variety of tumors has been
reported. However, the effect of curcumin in en-
dometrial cancer has been reported rarely. There-
fore, regarding the role of MMP-2 in the prolifera-
tion and invasion of endometrial carcinoma cells,
the investigator further studied the effect of cur-
cumin on endometrial cancer cells, the changes
in cancer cell proliferation and invasion capacity,
and explored the relationship of this change with
the MMP-2 gene.

In general, the gene transcription product is
mRNA, and the translation product is a protein
or polypeptide. Through detecting mRNA and its

corresponding protein phase, the level of expres-
sion of the target gene can be estimated to a cer-
tain extent. E-cadherin is one of the important
members of the cadherin family. It maintains a
close intercellular connection, plays an important
role in preventing invasion and metastasis cell
activities, and is closely correlated to the prolife-
ration and metastasis of cancer cells. In the labo-
ratory, E-cadherin expression product content is
often detected to indirectly reflect the metastasis
of cancer cells. In the present work, MMP-2 and
E-cadherin protein relative content were detected
in cells at different concentrations by Western
blotting, while MMP-2 4

changes in E-cadherin protein and
re opposite to that of MMP-2. This
hat curcumin may affect the selective
egation and metastasis of cancer cells.

e relationship between curcumin concen-
tration and MMP-2 content was further studied.
Pearson’s correlation analysis revealed that the in-
crease in curcumin concentration was negatively
correlated with the increase of MMP-2 expres-
sion. This again suggests a possible relationship
between curcumin and MMP-2. Furthermore,
some of the effects of curcumin may be mediated
by the regulation of MMP-2. Complex Western
blot detection results, Real-time fluorescence
quantitative PCR results, and correlation analysis
results revealed that curcumin has a certain im-
pact on cancer cell growth and metastasis, and
this effect is most likely mediated by the regula-
tion of MMP-2 gene expression.

One of the manifestations of malignant tumors
is the malignant proliferation of cancer cells. It
occurs fast and can be carried out infinitely. The
regular disruption of normal cell structure is its
typical characteristic. At present, cell prolifera-
tion often reflects the size and degree of growth
of cell metabolism. Therefore, the proliferation of
cancer cells is often measured in clinic, to help to
determine the tumor growth status for timely tre-
atment and the inhibition of further tumor growth.
In the present study, the CCK-8 test was used to
detect the optical density of cancer cells after dif-
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ferent treatments, in order to reflect factors that
might affect the proliferation of cancer cells and
its possible mechanism. Results revealed that cur-
cumin can reduce the optical density of endome-
trial cancer cells. This suggests that curcumin,
in the proliferation of cancer cells, may have an
inhibiting effect on tumor growth. Further resear-
ch on the relationship between the concentration
of curcumin and the proliferation of cancer cells
revealed that the optical density of cancer cells
treated at high concentrations was significantly
lower than that in low concentration-treated can-
cer cells. This suggests that the inhibition effect
of curcumin on the proliferation of endometrial
cancer cells may be correlated with the concen-
tration. After the shRNA silencing of MMP-2 in
cancer cells in the low concentration group, this
was compared with the blank vector transfected
cancer cells in the low concentration group. It was
found that, when the MMP-2 gene was downre-
gulated, cancer cell density significantly decrea-
sed; and while the MMP-2 gene was upregulated,
cells optical density significantly increased. This
means that MMP-2 may affect the proliferation
of cancer cells. The present analysis of MMP-2
and tumors were consistent with the results o

large number of reports. Based on the above r

sults, it can be observed that curcumin angsg

bition rate of ca

significantly i @ igh concentration
caused a high W Pition rate. This means
that the invasion@ endometrial cancer may be
inhibited by curcun¥, and its effect size may be
related to its concentration. In the knockdown of
MMP-2, it was observed in the low concentration
group that cell invasion inhibition rate further in-
creased; while cell invasion rate decreased after
the overexpression of MMP-2. The above results
suggest that MMP-2 may play an important role
in the inhibition of curcumin on endometrial can-
cer cell invasion.

This investigation still has some limitations.
The concentration of curcumin included in the
present study was relatively low, merely a single
type of endometrial cancer was used, the study
failed to conduct a subgroup analysis. At the same
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time, it remains to be determined whether MMP-2
gene expression levels can completely pass throu-
gh the MMP-2 protein and mRNA. Furthermore,
the presence of other MMP-2 signaling pathways
remains unclear, and the effect of curcumin and
MMP-2 on the infiltration of endometrial carci-
noma was not discussed. In future trials, the in-
vestigator would undertake the segmentation of
curcumin concentrations with different types of
endometrial cancer cells, in order to explore the
possible mechanism of curcumin on the prolife-
ration, metastasis, invasion, and infiltration of
endometrial carcinoma, and further verify our
conclusions.

tial target, which may
its concentration may be
of MMP-2. As an object
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