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Curcumin has clear anti-tumor activity in various carcinomas. It regulates various signaling pathways like
Wnt/B-catenin and JAK2/STAT3, which play vital roles in cell proliferation of several carcinomas, but to the best
of our knowledge, there are currently no published reports on human glioma CHME cells. Therefore, the aim
of this study was to explore the effect of curcumin on human glioma CHME cells.

The CHME cell line was purchased from American Type Culture Collection (ATCC). The expressions of caspases
3, caspases 9, PARP, BAX, and BCL2 were detected by Western blot. Annexin V FITC, mitochondrial membrane
potential, and reactive oxygen species were detected by flow cytometry. DAPI staining was detected by fluores-
cence microscopy. Cell viability was assessed by 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide
(MTT) assay.

We found that curcumin has cytotoxic activity in human glioma CHME cells, as shown by DAPI staining, annexin
V/PI, and nuclear morphology. We found that cell growth decreased with increased concentration of curcumin,
as well as sowing effects on expression of caspase-3, caspase-9, and cleavage of PARP, which suggests apop-
totic cascade activity. The increase in reactive oxygen species and loss of mitochondrial membrane potential
(Aymt) in concentration-dependent manners suggests biochemical induction of apoptosis in CHME cells.
Curcumin has effective anticancer activity in human glioma CHME cells by inducing the apoptotic pathway.

Apoptosis ¢ Caspases ¢ Curcumin ¢ Glioma ¢ Membrane Potential, Mitochondrial ¢
Reactive Oxygen Species
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Background

Among various cancers, glioma is known as the most antago-
nistic human cancers in which central nervous system is pre-
dominantly affected and there are high mortality and incidence
rate of malignant tumors in a central nervous system [1]. The
World Health Organization classifies glioma according to de-
gree of malignancy into levels, among which the fourth level is
most aggressive, and the patients with fourth-level glioma have
an average post-diagnosis survival of only 14 months, despite
treatment with radiotherapy, surgery, and chemotherapy [2,3].
The proliferation rate of malignant glioma cells is very high
and these cells also provide a favorable microenvironment
for tumor formation [4], in which the tumor is protected from
therapeutic radiation and slowly invades the brain [5,6]. This
favorable tumor microenvironment supports the progression of
glioma. Cancer cells are not as genetically stable as the healthy
cells that create the microenvironment. Therefore, it is impor-
tant to discover new drugs with fewer adverse effects and high
efficacy for treatment of human glioma [7]. Other novel agents
are needed to obstruct tumor progression and prevent creation
of a favorable tumor microenvironment [8,9]. Therefore, drug
discovery programs are now focusing on phytochemicals as po-
tent candidates for the treatment of various cancers [10-13].
In previous studies, curcumin, a Chinese traditional medicine
that is isolated from the rhizome of Curcuma longa, has shown
various biological activities, including antioxidant, anti-inflam-
matory, antidiabetic, and anticancer effects [14,15]. Curcumin,
a natural compound, has anticancer activity by modulating the
expression of growth factors, cytokines, oncogenes, and tran-
scription factors [16-18]. Curcumin has shown to inhibit cell
proliferation and induction of apoptosis in different types of
cancer cells [19-22]. Curcumin has broad molecular targets,
including cell invasion related to gene products, transcription
factors, and inflammatory cytokines [23-28]. Curcumin therapy
is now in phase Il clinical trials after successful completion of
phase | clinical trials in patients with colon cancer [29-31].
Besides having multiple effects in the cell, apoptosis and antip-
roliferative mechanisms are induced by curcumin, and studies
have reported that curcumin is effective against melanomas
and carcinomas [32-35]. Therefore, the aim of this study was
to evaluate the effect of curcumin on antiproliferative and
apoptosis in human glioma CHME cells.

Material and Methods

Chemicals and reagents

MTT, penicillin G sodium salt, streptomycin sulphate, sodium
pyruvate, DMSO (dimethyl sulfoxide), RPMI 1640 Roswell
Park Memorial Institute medium, Rhodamaine-123, cur-
cumin, DCFH-DA (2,7-Dichlorodihydrofluorescein diacetate),
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radioimmunoprecipitation assay buffer (RIPA), phosphate-
buffered saline, and BSA were purchased from Sigma. All an-
tibodies (Beta-actin, PARP, Caspases 9, Caspases 3, BAX and
BCL2) and annexin V/PI were obtained from Cell Signaling
Technology. Fetal bovine serum (FBS) was purchased from
Invitrogen. Immobilon Western chemiluminescent horse radish
peroxidase (HRP) substrate and PVDF membrane were pur-
chased from Merck Millipore.

Cell line and growth conditions

MCF-10A, HL60, SNU-5, LS180, BV2, CHME, and THP1 was
purchased from ATCC (American Type Culture Collection)
(Manassas, VA) was grown in RPMI media completed with 10%
FBS, including penicillin G (70 mg/L), streptomycin (100 mg/L),
and NaHCO, (3.7 g/L) in an incubator at 37°C, 98% humidity,
and 5% CO,. Treatment of cells with curcumin was dose- and
time-dependent and curcumin was dissolved in DMSO (<0.1%
DMSO).

Cell viability assay

MTT assay was used to assess cell viability. At a density of
0.35x10°, cells were seeded in 96-well plates for 24 h in a
humidified incubator. After 24 h, CHME cells were treated
with curcumin at various times and concentrations. MTT dye
(2.5 mg/ml) was added into each well 4 h before termination
of the experiment. Media were discarded and DMSO (150 pl)
was added into each well to dissolve formazan. Absorbance
was measured at 570 nm using a plate reader (Synergy MX),
and viability of cells was calculated.

Mitochondrial membrane potential (MMP) assay

To observe mitochondrial membrane potential change, rhoda-
mine-123 fluorescence was used. Cells were plated in 6-well
plates at a density of 0.35x10° for 24 h. After 24 h, cells were
treated with curcumin at various concentrations for 24 h. Before
30 min of termination of the experiment, Rhodamine-123 was
added into incomplete media and placed in an incubator at
37°C. Cells were trypsinized, washed 3 times with PBS, and
30 000 cells were analyzed by flow cytometry.

Nuclear morphology

CHME cells were grown in 60-mm dishes at a density of
0.85x10° for 24 h. Curcumin at different concentrations was
added into each plate and DMSO (0.2%) alone was used as a
vehicle. Cells were trypsinized and centrifuged at 400 g and
pellets were resuspended in (3: 1 ratio) acetic acid: meth-
anol for 4 h, then cells were plated on chilled glass slides.
After 20 min, cells plated on slides were dried and 1 ug/ml
DAPI was used to stain cells for 30 min in the dark. Cells were
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Figure 1. Cell vibility inhibition by curcumin in different cell lines. (A) The cell viability of different cell lines was inhibited by treating
the cells with curcumin at 0 uM, 5 pM, 10 uM, and 20 uM for 24 h. (B) Cell viability was reduced by 50% (IC50) in human
CHME cells. The data represented here are the means of 3 independent experiments. Statistical analysis was done by
Bonferroni method and statistical significance was set at * p<0.05, ** p<0.01, *** P<0.05.

washed 3 times with PBS and images were taken with a flu-
orescence microscope.

Reactive oxygen species

To observe the effect of curcumin on generation of reactive ox-
ygen species, CHME cells at a density of 0.35x10° were seeded
in 6 well plates for 24 h. Curcumin at different concentrations
was added into each well for 24 h. Before 30 min of termina-
tion, DCFH2DA dye was added at a concentration of 5 uM per
ml in the dark. After 30 min, cells were washed 3 times with
PBS and collected by trypsinization into flow tubes by adding
400 pl of PBS. All steps were done in the dark after adding
DCFH2DA dye into samples. Samples were analyzed by flow
cytometry, and 30 000 cells/event were captured for analysis.
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Detection of apoptosis via Annexin V/PI

We seeded 0.35x10° cells into 6-well plate for 24 h or until
the cells entered log phase. After 24 h, cells were treated with
curcumin at different concentrations for 24 h. To assess apop-
tosis by annexin V/PI, cells were trypsinized and washed with
PBS in flow tubes, and 300 pL of binding buffer including an-
nexin antibody was added in the dark for 10 min, according
to the manufacturer’s protocol. The samples were analyzed by
flow cytometry, and 20 000 cells were captured for analysis.

Western blot

CHME cells at a 0.85x10° plated into 60-mm dishes for 24 h for
Western blot analysis. After 24 h, cells were treated with cur-
cumin at different concentrations for 24 h. Cells were washed
3 times with PBS, followed by trypsinization, then centri-
fuged at 100 g for 5 min. These cells were collected and lysed
with complete radioimmunoprecipitation assay (RIPA) buffer
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Figure 2. Curcumin induces apoptosis in human glioma CHME cells in a concentration-dependent manner. Cells were treated with
curcumin (0 pM, 5 pM, 10 pM, and 20 uM) for 24 h and stained with DAPI for 30 min. Apoptosis was observed under a

fluorescence microscope.

containing sodium orthovanadate, sodium fluoride, PMSF, and
cocktail for 45 min. Next, cells were centrifuged at 12 000 rpm
for 10 min and supernatant was collected. The total protein in
the supernatant was estimated by Bradford reagent and ab-
sorbance was measured at 594 nm. Then, dye was added to
each supernatant sample containing proteins. The protein sam-
ples at a concentration of 90 ug were loaded into SDS PAGE
and run for 3 h at 80 V. These separated proteins in SDS PAGE
were transferred onto PVDF membranes (0.45 pore size) for
2 h at 100 V. The protein membranes were blocked for 1 h
with non-fat skimmed milk. Primary antibody was incubated
overnight, then membranes were washed 3 times with Tris-
buffered saline-Tween 20 (TBST) buffer for 5 min each time.
HRP-conjugated secondary antibody was added into each
protein membrane for 1 h at room temperature, followed by
washing in TBST 3 times for 5 min each time. ECL chemilumi-
nescence kits were for protein bands on X-ray film.
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Statistical analysis
All data are the means of 3 independent experiments. Statistical

analysis was done by Bonferroni method and statistical signif-
icance was set at * p<0.05, ** p<0.01, *** P<0.005.

Results

Curcumin inhibits cell proliferation in human CHME cells

Various cell lines were treated with 0 pM, 1 uM, 5 pM, and
10 pM of curcumin for 24 h for assessment of initial cytotoxicity.
The percentage of cell viability was decreased by increasing
concentration of curcumin in different cell lines (Figure 1A),
but, interestingly, MCF10A remained unaffected. Moreover,
curcumin-treated CHME cells that are actually a human brain
glioma cell line were most sensitive among all cell lines;
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Figure 3. Effect of curcumin on ROS generation in human glioma CHME cells. CHME cells were treated with curcumin at concentrations
of 0 uM, 5 uM, 10 uM, and 20 pM for 24 h. DCFH2DA dye was used to measure the level of ROS through flow cytometry. We
found that the generation of ROS increased in a dose-dependent manner.

therefore, the CHME cell line was chosen for further studies.
The cell viability was decreased by curcumin at 24 h in a con-
centration-dependent manner (Figure 1B). The results suggest
that curcumin decreases the proliferation/viability of human
glioma CHME cells.

Induction of apoptosis by curcumin in human CHME cells

DAPI staining was used for detection of apoptosis in curcumin-
treated CHME cells at various concentrations (0 uM, 5 puM,
10 puM, and 20 pM). Apoptotic bodies were observed in cur-
cumin-treated cells, with fragmented nuclei compared with
control cells treated with DMSO as a vehicle, which had bright
nuclei as shown by fluorescence microscopy (Figure 2). These
results suggest that curcumin potentiates cell death by apop-
tosis in a dose-dependent manner.
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Effect of curcumin on reactive oxygen species in CHME
cells

It is well established that reactive oxygen species induce apop-
tosis in cancer cells; therefore, we examined curcumin-treated
CHME cells for reactive oxygen species generation. Interestingly,
cells treated with different concentrations of curcumin had in-
creased reactive oxygen species in all curcumin-treated cells,
as shown in Figure 3. Our results clearly indicate that reac-
tive oxygen species generation increases with increased con-
centration of curcumin, which increased apoptosis of human
glioma CHME cells.
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Figure 4. Curcumin induces mitochondrial membrane potential loss in CHME cells. Cells treated with curcumin at 0 uM, 5 uM, 10 uM,
and 20 pM for 24 h had gradual mitochondrial membrane potential loss compared with vehicle cells.

Loss of mitochondrial membrane potential by curcumin in
human glioma CHME cells

Early reports established that mitochondria play a significant
role in apoptosis. In this study, using a fluorescent dye rhoda-
mine-123, we explored whether curcumin induces mitochon-
drial membrane potential loss. We found that the fluorescence
of Rhodamine-123 was gradually decreased with increasing
concentrations of curcumin, as shown in Figure 4. Our results
clearly indicate that curcumin induces apoptosis by the loss
of mitochondrial membrane potential in the human glioma
CHME cell line.

Annexin V/PI assay for apoptosis
Annexin V/PI assay was used to confirm apoptotic cell death

caused by curcumin. Human glioma CHME cells were treated
with different concentrations of curcumin, and displayed an
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increase in apoptotic population compared with the vehicle
group (DMSO control), as shown in Figure 5. Our results clearly
show that curcumin induces apoptosis in a dose-dependent
manner.

Induction of caspases activation and PARP cleavage in
human glioma CHME cells

Apoptosis is programmed cell death in which the activation of
caspases and cleavage of PARP takes place to trigger apoptotic
cell death. We treated CHME cells with curcumin at different
concentrations for 24 h to investigate activation of caspases.
Surprisingly, the activation of caspases like caspase 9 and cas-
pase 3 (indicated by pro-caspase 9 and pro-caspase 3), as well
as PARP cleavage, takes place with increasing concentration
of curcumin as compared with vehicle cells (DMSO 0.2%), the
expression of BAX was increased, and BCL2 was decreased
significantly, and the ratio of BAX: BCL2 is also increased,
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Figure 5. Detection of apoptosis by Annexin V Pl in cells treated with curcumin. Apoptotic cells were detected by curcumin at a dose-

dependent manner and results were analyzed by flow cytometry using Annexin V PI.

Figure 6. Western blot analysis of induction
of apoptosis in human glioma CHME
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as shown in Figure 6. These results demonstrate that curcumin
induces apoptosis in human glioma CHME cells in a concen-
tration-dependent manner.

Discussion

Curcumin contributes to immune response, cell cycle regu-
lation, antioxidant response, epithelial-mesenchymal transi-
tion (EMT), and tumor progression in various cancers by vari-
ous pathways [36-39]. Curcumin affects apoptosis and G2/M
arrest, but the mechanism is still unclear [40]. The few pub-
lished clinical trials on the anti-tumor activity of curcumin show
high metabolic and chemical stability [17]. Furthermore, there
is no evidence of anti-tumor activity in human brain CHME
cells. In China, curcumin is used to treat burns and is a tra-
ditional Chinese medicine [41]. Previous reports have shown
the chemo-therapeutic potential of curcumin against various
cancers via anti-tumor activity. Therefore, much attention has
been focused on its application in different cancers [42]. Our
results demonstrate for the first time that curcumin induces
apoptosis in human glioma CHME cells in a dose-dependent
manner, as detected by cell proliferation assay. After inhib-
iting cell viability, chromosome condensation, blabbing, and
fragmentation of nuclei were observed in the human glioma
CHME cell line, as detected by DAPI staining, in curcumin-
treated cells compared with control cells. Moreover, production
of ROS was increased and MMP was decreased by curcumin
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in a dose-dependent manner. Interestingly, Annexin V results
agree with our previous results indicating that curcumin induces
apoptosis in the human glioma CHME cell line. Furthermore,
apoptosis was confirmed by Western blot analysis, by which
the activation of caspases and cleavage of PARP was observed
in curcumin-treated cells.

Conclusions

We found that curcumin induces apoptosis by a series events,
including the loss of mitochondrial membrane potential and
generation of reactive oxygen species, as well as increased ex-
pression of apoptotic proteins and decreased expression of anti-
apoptotic proteins. In conclusion, curcumin induces apoptosis in
CHME cells. Further research is needed to explore the mecha-
nism by which the signaling pathway is mediated by curcumin.
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