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Curcumin induces apoptosis in trophoblast model cell line
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ABSTRACT

Background: Several studies have reported that curcumin exerts chemopreventive effects in various type of cancers, through
several mechanisms, however, the effect of curcumin on carcinogenesis in patients with hydatidiform mole has not yet been
investigated. This study was conducted to evaluate the effect of curcumin on apoptosis, proliferation, and nuclear translocation of
endothelial nitricoxide synthase in trophoblast cells induced by estradiol in complete hydatidiform mole (CHM).

Methods: In this in vitro study, trophoblast cells were divided into six groups, the control group (trophoblast cells were exposed
to 100 pg/mL of 17-f estradiol) and the treatment group (trophoblast cells were exposed to 100 pg/mL of 17-§ estradiol in the
presence of curcumin with doses: 50, 100, 200, 400, and 800 uM). At the end of study, the cell proliferation was analyzed using
MTT assay and apoptosis with TUNEL test in each group thropoblast cell. eNOS translocation was assayed using confocal laser
scanning microscopy at the various dose of curcumin.

Results: Curcumin at the doses of 200, 400, and 800 uM significantly decreased the proliferation and increased the apoptotic
index in curcumin-treated group compared to those in the control group (p<0.05). All doses of curcumin treatment significantly
decreased the nuclear eNOS expression compared to that in the control group. The three highest doses of curcumin increased
cytoplasmic eNOS expression compared to that in control group.

Conclusion: Curcumin inhibits the proliferation and modulates the apoptosis of trophoblast cells induced by estradiol in CHM
involvement.
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Gestational trophoblastic disease
(GTD) predominantly affects women and is
characterized by neoplastic and non-neoplastic
lesions from different types of villous and non-
villous trophoblasts. Hydatidiform mole is an
overgrowth of villous trophoblasts and affects
approximately 1 of 120-500 pregnancies in Asian
countries. Based on their clinicopathological,
karyotypic, and genetic analysis, hydatidiform
moles have been categorized as complete moles
and partial. CHM is characterized by gross
hydropic swelling and variable trophoblastic
proliferation involving the chorionic villi.

Estrogen-activated receptors regulate
gene transcription by directly binding to
deoxyribose nucleic acid (DNA). This ligand-
receptor interaction also drives cellular
processes via “extra-nuclear” non-genomic
effects. Two important pathways are switched
on, i.e. the phosphatidylinositol 3-kinase (PI3K)
and extracellular signal-regulated kinase 1/2
(ERK1/2) [also known as p42/p44 mitogen
activated protein kinase (MAPK)] pathways.>*
This signal is important for the proliferation of
cancer cells.

Nitric oxide (NO) 1is a short-lived,
pleiotropic molecule generated by three isoforms
of NO synthase (NOS) that plays complicated
roles in tumor biology.” NO is synthesized
from L-arginine and oxygen by four major
isoforms of NO synthase (NOS): neuronal NOS,
endothelial NOS (eNOS), inducible NOS (iNOS)
and, more recently, mitochondrial NOS. eNOS can
be activated by post-translational modification
(e.g., phosphorylation by ERK1/2 or PI3K/Akt
pathways) or by transcription (e.g., NF-kB).
Depending on the cellular milieu, release of low
concentrations of NO can modulate cancer-related
events such as angiogenesis, apoptosis, cell cycle,
invasion, and metastasis.®® An in vivo study shows
that changes in eNOS levels play a pivotal role in
eNOS in chronic stress-induced initiation and
promotion of tumor growth.’ Previous studies
have shown that eNOS was present in trophoblast
cells of partial and complete hydatidiform moles
and in choriocarcinoma.l® Estrogen activates
eNOS via kinase activation pathway.!! Previous
studies have demonstrated showed that NO
and three NOS isoforms have dual roles, i.e,
promoting cancer cell apoptosis and inhibiting
cancer cell apoptosis. According to these studies,
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high eNOS expression may be cytotoxic to tumor
cells, whereas low of eNOS expression may
have an opposite effect of enhancing the tumor
growth.!?13 These data indicate that there is a
relationship between the proliferative effect of
estrogen with eNOS expression in cancer cells.

Curcumin is an active natural polyphenol
derived from the root of Curcuma longa L. and
has been considered as a great pharmacological
agent due to its safety and effectiveness in cancer
treatment.'* Curcumin stimulates apoptosis
of tumor cell or inhibits the cell proliferation,
angiogenesis, and metastasis. It also has different
properties such as anti-inflammatory, antioxidant,
antimicrobial and wound healing promoting
agent.!>1¢The effects of curcumin are generally due
to the interactions between curcumin and multiple
cell-surface receptors or cytokines.!” Till date, no
study has evaluated the effects of curcumin on the
trophoblast cells of complete hydatidiform mole.
Therefore, this study was conducted to investigate
whether curcumin modulates the proliferation,
apoptosis, and the characteristics of eNOS
translocation in the trophoblast cells of a complete
hydatidiform mole.

METHODS

This study was conducted at the
Laboratory of Cell Culture/Tissue of Faal
Laboratory, Faculty of Medicine, Universitas
Brawijaya Malang from June to November 2013.
The study design was simple, non-blinded
experimental with the analysis performed at
the end of treatment (post-test control group
design). This study was approved by the Health
Research Ethics Committee of the Faculty of
Medicine of Universitas Brawijaya, Number 400/
LXIII/K.3/302/2013.

Materials

Human trophoblast cells of a complete
hydatidiform mole were obtained from a woman
who met the following criteria: patient with
a complete hydatidiform mole undergoing
curettage agreeing to sign the informed consent.

Cell culture

This in vitro study was conducted using the
culture of complete molar pregnancy trophoblast
cells from an complete hydatidiform mole (CHM)



patient undergoing curettage. Complete molar
pregnancy cell cultures were exposed to 17 nug
estradiol at a dose of 100 pg/ml, perform exposed
with various doses of curcumin and no exposure,
the proliferation index was evaluated using
the 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl
tetrazolium bromide (MTT) method and apoptotic
index by terminal deoxynucleotidyltransferase-
mediated nick-end labeling (TUNEL) DNA
fragmentation labeling method. The apoptotic
index was evaluated wusing the TUNEL
immunohistochemical system, in which the
nucleus of the cells undergoing apoptosis exhibits
DNA fragmentation, and by the TUNEL method
will be detects enzymatically and imparts a brown
color to the nucleus of apoptotic cells.

Immediately after curettage, the complete
hydatidiform mole was washed using normal
saline and placed in a cord solution obtained
from newborn bovine serum (NBS), which was
collected from a calf that was less than 10 days
old and maintained under cold condition until
the isolation of trophoblast cells. The trophoblast
cells were isolated before 12 h after curettage.
The trophoblast cells was obtained from the
mole tissue were washed with NS to separate
from erythrocytes and washed using media
(M199 (medium) + Pen Strep (antibiotics) +
L-glutamine + Na,CO,) incubated solution of
collagenase (type 1) 7 mg/10 cc for 2 h in a
centrifuge tube, a medium in waterbath shaker
37°C, centrifuged at 2000 rpm for 7 min, produce
supernatant and pellet, supernatant removed
pellet was given medium, re-homogenized, the
second supernatant and pellet, supernatant was
removed then pellets added media + fetal bovine
serum (FBS), incubated in incubators 37°C and
5% CO,, observed under microscope (until cell
grow), perform -human chorionic gonadotropin
(HCG) test. This cell suspension was seeded into
culture wells that had been coated with gelatin.
After reaching confluency, the cells were divided
into six replicates, including a control group
(trophoblast cells exposed to 100 pg/ml of 17-f
estradiol without exposure to curcumin) and a
treatment group (trophoblast cells exposed to
100 pg/ml of 17-f estradiol in the presence of
curcumin at the following five doses: 50, 100,
200, 400, and 800 uM. The curcumin doses were
prepeared using 1 gr of curcumin powder and
measured using an analytical balance to prepare
a different concentration.

Nurseta, et al.
Curcumin in trophoblast cell apoptosis

Analysis of cell proliferation

In vitro cytotoxicity of curcumin
against the trophoblast cells of the complete
hydatidiform mole was evaluated using MTT
assay.’® The trophoblast cells were seeded at
a density of 2x103 cells in 96-well plates and
incubated overnight. Subsequently, the cells
were exposed to a series of different curcumin
concentrations. This was followed by incubation
of the cells with treatment for 24 and 48 h. At the
end of this period, the percentage of viable cells
relative to the untreated control was determined
on the basis of the mitochondrial conversion of
MTT to formazan. The results were expressed
from four measurements as mean#standard
deviation (SD).

Analysis of cell apoptosis

Following the manufacturer’s protocol,
TUNEL staining was conducted using an in
situ cell death detection kit (Dead End TM
Fluorometric TUNEL System, Promega, Madison,
USA) to assess the apoptotic cells in the tumor.
TUNEL staining is based on the enzymatic
addition of digoxigenin-nucleotide to the incised
DNA by recombinant terminal deoxynucleotidyl
transferase (rTdT). All the five tumor cells in
each group were sectioned in the TUNEL staining
tests. In the tumor tissue sections, five equal-
sized areas were randomly chosen and analyzed.
Then, the apoptotic index was calculated based
on the number of the TUNEL-positive cells or
the total number of cells in the five randomly
selected tumor areas in each tumor sample. This
analysis was conducted by two independent
investigators in a blinded manner.*®

Immunofluorescence assay

Immunofluorescence staining was
conducted to determine the eNOS expression in
the trophoblast cells. The slides were incubated
with primary anti eNOS rabbit antibody (1:1000
dilution; Santa Cruz Biotechnology Inc., USA) and
mouse antirabbit IgG-FITC (1:1500; Santa Cruz
Biotechnology Inc., USA) for 1 hour each in dark
conditions. The visualization and measurement
of the eNOS expression were conducted using
confocal laser scanning microscopy (CLSM;
Olympus Corporation, Tokyo, Japan). Three areas
of the slides were examined. The cytoplasmic and
nuclear eNOS expressions were calculated using
the FluoView software, version 1.7a (Olympus
Corporation, Tokyo, Japan).
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Statistical analysis

Data presented using mean value of + SD
and differences between the groups were analyzed
by one-way analysis of variance (ANOVA) using SPSS
17.0 statistical package. The significant results of
ANOVA were tested using the post hoc test in which
P<0.05 was considered to be statistically significant.

RESULTS

Figure 1A shows the histogram of mean
+ SD of the proliferation index of trophoblast
model cells in the six groups of curcumin
dose 50, 100, 200, 400, and 800 pM). Based
on one-way ANOVA analysis, the proliferation
index significantly decreased at all doses of
curcumin compared to the untreated control
group (p<0.05). Continued with least significant
difference (LSD) analysis, which is the multiple
comparison test, obtained the proliferation
index of trophoblast significantly decreased
at three highest doses of curcumin and have a
same ability to decrease the proliferation index,
compared to 50 uM curcurmin dose and control
group statistically.

Figure 1B shows the histogram of mean
+SD of the apoptotic index in the curcumin-
treated group (50 uM, 100 uM, 200 uM, 400
uM, and 800 uM). Based on one-way ANOVA
analysis, the apoptosis index significantly
increased at all doses of curcumin compared to
the untreated control group (p<0.05). Same as
the proliferation index, data analysis continued
with least significant difference (LSD) analysis,
obtained the proliferation index of trophoblast
significantly decreased at three highest
doses of curcumin and have a same ability to
decrease the proliferation index, compared to
50 uM curcurmin dose and control group. Cell
apoptosis index was highest at 400 pM, thus
a dose of 400 uM can be considered the most
optimal dose of curcumin in increasing the
apoptotis index.

The eNOS expression was found to
vary in each group. In control group there
was activation of eNOS translocation from the
cytoplasm to the nucleus. The expression of
eNOS is denoted by the amount of green dots
displayed after imunofluoresence staining. The
more the eNOS expression is activated, the more
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Figure 1. A) Proliferation index of trophoblast significantly
decreased at all doses of curcumin (p=0.001), based on one-
way Anova analysis compared to control group. B) Apoptosis
index of trophoblast significantly increased at all doses of
curcumin (p=0.001), based on one-way Anova and LSD post
hoc analysis compared to control group *p=<0.005

greener or brighter or the more amount of green
dots are displayed.

Figure 2 shows that the tendency of eNOS
activation in the nucleus is higher than that in the
cytoplasm (Fig. A). The expression of eNOS at the
50 uM dose of curcumin in the nucleus was lower
than thatin the cytoplasm (Fig. B), whichindicated
that the 50 pM dose of curcumin could deacrease
the eNOS translocation from the cytoplasm to the
nucleus in complete hydatidiform mole. In the
treatment group, the dose of 100uM curcumin also
decreased the activation of eNOS in the nucleus
compared to control group (Fig. C). Interestingly,
there was an increasing trend of eNOS activation
in the nucleus at the curcumin dose of 200, 400,
and 800uM (Fig. D,E,F).
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Figure 2. Cytoplasmic and nuclear eNOS expression in the trophoblast cell culture of complete hydatidiformmole. A)
Imunofluoresencestaining in control group; B) Imunofluoresence staining in 50 pM group; C) 100uM group; D)200uM; E) 400uM;
F) 800puM
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Figure 3. eNOS activation in nuclear and cytoplasm significantly difference based on one-way ANOVA analysis compared to
control group (p<0.05).

Based on one-way ANOVA results, eNOS
activation is significantly difference in nucleus
and cytoplasm at all doses of curcumin compared
to control group (p<0.001). Furthermore,
multiple comparison tests using LSD showed

that the mean eNOS activation in nucleus was
significantly different in the trophoblast model
cellswhen compared betweenthe control group
and the groups treated with curcumin doses of
50, 100, 200, 400, and 800uM dose. The mean
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eNOS activation in the nucleus was lowest at 50
and 100 pM curcumin doses (Figure 3).

The result of multiple comparison test
using the LSD showed that eNOS activation in
the cytoplasm was significantly different at the
curcumin doses of 50, 100, 200 and 400 uM.
However, there was no significant difference in
the mean eNOS activation at 800uM curcumin
dose compared to that in the control group. Thus,
treatment with 50, 100, 200, and 400uM curcumin
doses in trophoblast model cell cultures can
increase eNOS activation in the cytoplasm. This
was indicated by a significant increase in mean
eNOS activation rates in the treatment group
when compared to that in the control group,
except at dose 800 uM (Figure 3).

DISCUSSION

Curcumin (diferuloylmethane), a yellow
pigment present in the rhizomes of turmeric, is
used in cooking in India and Indonesia.?’ Curcumin
regulates the tumor cell growth through multiple
cell signaling pathways, an antiproliferative agent,
a survival signal reduction, induces programmed
cell (apoptosis) to mitochondria and caspases
activation.?! Estrogen-activated receptors regulate
gene transcription by directly binding to DNA.

In this study, only three highest curcumin
doses significantly decreased the proliferation
index in the curcumin-treated group compared
to that in the untreated control group (p<0.05),
which could regulate tumor cell growth through
cell proliferation pathway.!® It is hypothesized
that an antiproliferative effect of curcumin on the
trophoblast cells of the complete hydatidiform
mole could be derived from the inhibition of
nuclear factor of kappa-light-chain-enhancer
of activated B cells (NF-kB).NF-kB acts as an
oncogene through its ability to stimulate cell
proliferation and survival that which can be
reduced by curcumin.?%?!

Apoptosis is an active and a physiological
mode of cell death that is commonly restored by
anticancer agents.?? The results of this study also
showed that curcumin treatment can regulate
the growth of the complete hydatidiform mole
through the cell apoptosis pathway. These results
were consistent with those of previous studies
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showing that curcumin inhibits the anti-apoptotic
protein and regulates the pro-apoptotic protein.?
The inhibitors of NF-kB expose the cancer cells
to apoptosis.?* A previous study reported that the
administration of 100 pg of 17-f estradiol could
increase NF-kB expression in CMH trophoblast
cells cultures. Extensive research has indicated
that this NF-xB plays an important role in
enhancingcell proliferation,amongotherfunction,
by increasing the expression of cyclin-D1, c-myc,
c-erb, c-fms, MMP-9, growth factors, and p53, and
it is also involved in carcinogenesis processes.
Curcumin can decrease cell proliferation directly
through its effect on the target molecule, as well
as through resistance to NF-«B.

eNOS and its participation in combinatorial
complexes with Estrogen Receptor Beta (ERf3) and
Hypoxia Inducible Factors (HIFs) that determine
localized chromatin remodeling in response to
estrogen (E2) and hypoxia stimuli, resulting in
transcriptional regulation of genes associated
with adverse prognosis target genes.”> Moreover,
estrogen can active eNOS via kinase pathway.!!

In this study, all doses of curcumin
treatment significantly decreased the nuclear
eNOS expression compared to that in the
untreated control group (p<0.05). Interestingly,
the administration of 200, 400 uM, and 800 uM
curcumin to the estrogen-treated trophoblast cells
of the complete hydatidiform mole increased the
cytoplasmic eNOS expression compared to that in
the untreated group. This finding indicated that
the two lowest doses of curcumin significantly
inhibited eNOS translocation from the cytoplasm
to the nucleus of complete hydatidiform mole.
It is hypothesized at the three highest doses of
curcumin, the localization of eNOS is involved in
the proliferation and apoptosis of trophoblast
cells of the complete hydatidiform mole. It
corresponds with a previous study that showed
that curcumin affects nuclear apoptosis and
proliferation.?!

This study has limitations that require
an advanced research to investigate the effect of
curcumin in activating the apoptosis cascade, both
extrinsic and intrinsic. Clinical trial are needed to
confirm the effect of curcumin in patients with a
hydatidiform mole. The findings of this study are
important, indicating that curcumin can be used
as a complementary therapy in women affected



with complete hydatidiform moles and also as a
chemopreventive agent.

In conclusion, the high doses of curcumin
inhibited the proliferation and modulated the
apoptosis of trophoblast cells induced by estradiol
in the complete hydatidiform mole through the
localization of eNOS.
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