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Abstract

Background. Curcumin is a polyphenol that has pharmacological activity that can inhibit tumor cell growth
and induce apoptosis through various mechanisms. However, the specific mechanism of curcumin cytotoxicity
remains controversial because of many anti- and pro-apoptotic signaling pathways in various cell types. This
study aims to examine the relationship among curcumin on RASSF1A, Bax protein levels, and caspase-3
activity in supporting the apoptotic mechanism in CSAQ3 breast cancer cells. Material and Methods. Curcumin
administration to cancer cells is based on differences in dosage with 24-hour incubation. Cytotoxicity after
curcumin administration was determined using MTS. RASSF1A and Bax protein levels were tested through
ELISA. Caspase-3 activity was used to determine apoptosis and was tested using flow cytometry. Results.
The results indicated that curcumin had a cytotoxicity effect of 40.85 pug/mL. At concentrations of 40 pg/mL
and 50 pg/mL, curcumin increases levels of protein RASSF1A (A = 26.53% and 47.35%, respectively), Bax
(A=48.79% and 386.15%), and caspase-3 (A =1,678.51% and 1,871.889%) significantly. Conclusions. Curcumin
exhibits anti-proliferative activity and apoptotic (Caspase-3) effects through activation of RASSF1A and Bax.
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AHHOTauuA

AxTtyanbHocTbk. KypkymuH npeactasnsaet cobon nonudeHon, obnagatowuii hapmMakornorniyeckon akTMBHO-
CTbl0, KOTOpPas MOXET MHIMBMPOBATL POCT OMYXONEBbLIX KMETOK U BbI3bIBATb anonTo3 C MOMOLLbIO Pa3fNYHbIX
MexaHn3moB. OgHaKO KOHKPETHBIN MEXaHWU3M LIUTOTOKCUYHOCTU KYPKYMUHA OCTAETCS CMIOPHBLIM U3-38 MHOXE-
CTBa aHTU- 1 NPOANONTOTUYECKUX CUTHAMbHbIX MyTeN B pasnunyHbIX Tunax knetok. Llensto nccnepgosanus
SBUIMOCb M3yYeHne B3aMMOCBA3N KypKyMUHa ¢ ypoBHsaMu 6enka RASSF1A, Bax 1 akTMBHOCTbIO Kacnasbl-3
B NOAAEPXKE MeXaHW3Ma anonto3a B KneTkax paka MornouHon >xenesbl CSAO03. Matepuan u meToAbl.
BBeaeHune KypkyMrHa B pakoBbl€ KIETKM OCHOBAHO Ha pasnuyunsx B O3MPOBKe Npu 24-4acoBoOn MHKYBaumu.
LInTOoTOKCMYHOCTL Nocne BBEAEHNS KYpKyMUHa onpeensany ¢ nomolbio MTS. YposHu 6enkos RASSF1A n
Bax TectupoBanu ¢ nomoubto ELISA. AKTMBHOCTb Kacnasbl-3 UCNonb30oBanu Ans onpeaeneHns anontosa
1 TECTUPOBAnu C NOMOLLbIO MPOTOYHOM LuToMeTpun. CtaTuctudeckas obpaboTtka AaHHbIX NpoBoaunach ¢
ncnons3osBaHnem nporpammbl Statistical Program for Social Science (SPSS) sepcun 20.0 gna Windows.
lMpoBepka rnnoTes BbINOMHANACH C UCNOMb30BAHMEM HENnapameTpPUYecKoro YUCIEHHOTO CPaBHUTENBHOMO
TecTa NpPoBepKu rnoTes. [na oueHKy pasHuubl Mexay >2 rpynnamMmu HernapHbIX KOHLEHTPaLuin MCnons3osa-
N1 HenapameTpuyecknin kputepuin Kpyckana—Yonnuca, a Ans OLEHKM 3HaYMMOWN pasHuLbl B ABYX rpynnax
NPOBOAMIN anoCTEPUOPHbLIV aHanu3 MaHHa—-YuTHu. PesynbTtathl. [TokasaHo, 4To LMTOTOKCUYECKui adhpekT
KypKymuHa coctasun 40,85 mkr/mn. B koHueHTpaumax 40 Mkr/mn 1 50 MKr/mMn KypKYMWH YBENUYMBAET YPOBHU
6enka RASSF1A (A =26,53 % 1 47,35 %, cooTBeTCcTBEHHO), Bax (A = 48,79 % n 386,15 %) n kacnasbl-3 (A =
1678,51 % n 1871,889 %). 3akntoueHue. BeeaeHve kypkymvHa B knetkn CSA03 achdeKkTMBHO yMeHbLUano
POCT KNETOK paka MONOYHOW Xernesbl in vitro 3a cyeT peaktuBauun RASSF1A B kauecTBe reHa-cynpeccopa

OnNyXxonu 1 NoBbILLANO ypoBeHb Genka Bax B kayecTBe MHOyKUuMM anonTto3a (caspase-3).

KnioueBble cnoBa: Bax, caspase-3, kypkymuH, CSA03, RASSF1A.

Introduction

The frequency of breast cancer tends to increase.
In 2020, there were 2.3 million women diagnosed
with breast cancer and 685 000 deaths globally. As
of the end of 2020, there were 7.8 million women
alive diagnosed with breast cancer in the past 5
years, making it the world’s most prevalent cancer
[1]. In Indonesia, breast cancer in 2010 ranked first in
malignancy, accounting for 18.58 % of cancer cases,
most often at the age of 35-54 years [2]. Recently,
resistance to hormone therapy or chemotherapy has
been reported since the beginning or during the
treatment. Many strategies for selecting the therapy
based on molecular mechanisms are currently being
implemented to overcome the resistance in the breast
cancer treatment [3].

One of the molecular mechanisms of breast cancer
is epigenetic changes in the form of hypermethylation
[4]. The tumor suppressor gene in breast cancer that
often undergoes hypermethylation is the RASSF1A
gene that plays a role in cell cycle processes, mitosis,
and apoptosis [5]. RASSF1A can regulate the activity
of'the Bax protein to release cytochrome-c so that it ac-
tivates caspase-3, which is the executor and is respon-
sible for apoptosis [6]. Hypermethylation is reversible,
and it is possible to re-express hypermethylated genes
in cancer with demethylation drugs, so that the tumor
suppressor genes that were previously inactive can
be regulated and their function be improved. The ad-
ministration of demethylation drugs in the tumor cell
lines causes the reactivation of the tumor suppressor
function, but demethylation drugs have side effects
that limit the dose and duration of the treatment and
have the potential to form mutagenic lesions [4, 7, §].
Therefore, the use of new compounds from natural
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substances that can affect epigenetic changes and have
low toxicity to inhibit the development of cancer cells
is an important field of cancer treatment research.
One of the natural compounds that have an epig-
enome target is curcumin. Curcumin is the polyphenol
that can efficiently induce apoptosis [9, 10]. However,
the specific mechanism of curcumin cytotoxicity via
the RASSF1A pathway is still controversial in various
cell types [11]. One study demonstrated that curcumin
increased Bax expression via the P53 pathway.
Selecting the right cell line is vital to getting reliable
research results, particularly for breast cancer cell
lines. Breast cancer cells are heterogeneous, therefore,
they are classified based on the expressed genes on the
cancer cells luminal A breast cancer, luminal B-like
breast cancer, luminal B breast cancer, HER2-enriched
breast cancer, and triple-negative or basal-like breast
cancer. Furthermore, the mutated gene controls the cell
behaviour, including cell response to cancer drugs and
treatment [12]. The previous study demonstrated that
the administration of curcumin treatment to MCF-7
and MDA-MB-468 cells efficiently enhances the
suppression of the growth of the breast cancer cells in
vitro through reactivation of RASSF1A, upregulation
of Bax, and induction of apoptosis [13]. Experimen-
tal research was carried out on the luminal A breast
cancer cells from Indonesian patients, in particular,
using CSAO03 cells. The CSAO03 cells were isolated
from breast cancer tissue of a 56-year-old Indone-
sian woman with a clinical diagnosis of left invasive
ductal mammary carcinoma T2NOMO. On immuno-
histochemical examination based on secondary data
from the Department of Anatomic Pathology, Dr. Cipto
Mangunkusumo Jakarta obtained ER-positive results
(5 %, weak, Allred score 3), 83 PR-positive (20 %,
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moderate, Allred score 5), 83 HER2-negative, and
Ki67 positive (20 %, weak). Based on the results of
the IHC examination, CSAO03 cells were included in
the luminal A subtype of breast cancer.

The present study was aimed at investigating
the cytotoxic effect and apoptosis-induced effects of
curcumin via the RASSF1A pathway CSAO03 cell line
in vitro. The results of this study can be used as the
basis of literature for further research.

Material and Methods

Material

The CSAO3 breast cancer cells were obtained from
the integrated laboratory of the Faculty of Medicine,
University of Indonesia which was operated on at Dr.
Cipto Mangunkusumo Jakarta. Dubelco’s minimum
essential medium (DMEM) (Gibco, New York, USA)
was supplemented with 10 % fetal bovine serum
(Biowest, Riverside, USA), 5 % amphotericin, and
5 % penicillin-streptomycin (Biosciences, San Jose,
USA). Curcumin was purchased from Sigma Chemical
Co. (St. Louis, MO, USA). The MTS kit was obtained
from Promega (Madison, USA). The RASSFIA kit
was obtained from MyBioSource, and the Bax kit was
obtained from Abcam. The caspase-3 level was deter-
mined using PE-conjugated the monoclonal active the
caspase-3 antibody apoptosis kit (BD PharMingen,
Heidelberg, Germany).

Morphology of Cells

The cell morphology examination was carried
out on a paraffin block of the cancer patient using
hematoxylin-eosin staining.

The Cell Culture

The CSAO03 cells were cultured in a Tissue Flask
containing complete culture media. After the cells were
harvested, the cells were counted using a hemocytom-
eter. There were 1 x 10° cells/well, and curcumin that
had been dissolved in DMSO was added. After the
harvesting of CSA03 cells, cell blocks were made,
and hematoxylin-eosin staining was carried out to see
morphological features of the cells.

The Cytotoxicity Examination

The cytotoxicity examination used the colorimet-
ric principle with the MTS assay. As many as 5 x
10° cells of CSA03 per well were plated in 96-well
plates and treated with curcumin at concentrations of
20, 30, 40, 60, 80 pug/mL. 0.1 % DMSO was used as
a control. It was then incubated for 24 hours. After
adding 20 mg/mL 3-(4, 5 dimethylthiazol-2-yl)-5-(3-
carboximetoniphenol)-2-(4-sulphodenil)-2-H-tetrazo-
lium) (MTS) to each well, it was incubated again for 2
hours at temperature 37 °C. Furthermore, the optical
density was determined using a microplate reader that
was set at 490 nm. IC50 was calculated based on
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A Control uptake — A Sample uptake

% inhibition = x 100 %.

Eq (1)
A Control uptake
Furthermore, the data from the cytotoxicity ex-
amination were used as the basis for determining the
concentration of curcumin to be exposed to breast cell
cultures. The determination of the curcumin concentra-
tion was carried out around the IC50 value.

Caspase-3 Examination

Caspase-3 examination was carried out using the
immunofluorescence technique (apoptosis Kit Catalog
No. 550914 from BD PharMingen). The cells that had
been treated were then given the steps on the datasheet
and put into the flow chamber. The electronic system
converted the detected light signals into electronic
signals that could be processed by a computer. Cells
that did not indicate an autofluorescent pattern were
grouped, compared against the whole cell, and their
proportion was then determined as a percentage.

RASSF1A and the Bax Protein Assay

RASSF1A and Bax protein examination was con-
ducted using the ELISA technique (RASSF1 ELISA
Kit Catalog No. MBS2706790 from MyBioSource and
Bax Catalog No. ab133048 from Abcam). The results
of RASSF1A and Bax protein levels obtained from
the ELISA reader were optical density (OD) values
converted into RASSF1A protein levels (ng/mL) and
Bax protein levels (pg/mL) using standards.

Data Analysis

Data were processed statistically using the Statisti-
cal Program for Social Science (SPSS) version 20.0
software for Windows. Hypothesis testing was per-
formed using a non-parametric numerical comparative
hypothesis test flow. To assess the difference between
>2 groups of unpaired concentrations, the Kruskal—
Wallis non-parametric test was used, and to assess
the significant difference in the two groups, a Mann—
Whitney posthoc analysis was made. The correlation
test between the two variables was conducted using the
Spearman non-parametric test. All experiments were
performed in triplicate (n = 3, where n: replicate). The
average growth rate (delta) was calculated using the
following formula:

Data after exposure — Data without exposure

Growth _ x100% Eq(2)
rate (Delta) Data without exposure

Results

Cell Morphology

The morphological picture of CSA03 cells consists
of cells with pleomorphic nuclei, fine or coarse granu-
lar chromatin, partially irregularly shaped nucleolus,
a small vacuole, and eosinophilic cytoplasm (Fig. 1).
Fig. 2 illustrates the CSA03 cells in Tissue Flask that
are ready to be harvested. The results of hematoxylin-
eosin staining on CSAO03 cells that had been made
block cells indicate the same nuclei image as the nu-
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Fig. 1. The morphological feature of CSA03. Hematoxylin-eosin
staining, x 400
Puc. 1. Mopdonornyeckuii npusHak CSA03. Okpacka remaTokcu-
TIMHOM ¥ 303MHOM, X400

i 3
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Fig. 3. Microscopic feature of CSA03 made of cell blocks.
Hematoxylin-eosin staining, x1,000
Puc. 3. Mukpockonuyeckue xapaktepuctukm CSA03, caenaHHoro
13 KNeTo4HbIX 6riokoB. Okpacka reMaToKCUIIMHOM U 303UMHOM,
x1000

clei image on the paraffin block; the cell morphology
examination was carried out on the paraffin block of
the cancer patient using hematoxylin-eosin staining

(Fig. 3).

Cytotoxicity Examination

In this study, the curcumin concentrations used
were 0 pg/mL (without exposure), 40 pug/mL, and
50 pg/mL. The IC50 of curcumin on CSAO03 cells
was 40.85 pg/mL (Fig. 4). These results indicated
that curcumin has a potent anti-proliferative effect on
breast cancer cells.

Curcumin Upregulated the Protein

Expression of RASSF1A on CSA03 cells

To investigate whether suppression of proliferation
of breast cancer cells by curcumin is due to the down-
regulation of molecules involved in cell proliferation,
we tested the protein levels of RASSFIA in cells. As
illustrated in Figure 5, at the previously demonstrated
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Fig. 2. Microscopic feature of CSAO3 Cells in the Tissue Flask,
x400
Puc. 2. Mukpockonus knetok CSA03 B konbe ans tkaHen, X400

100+ y=1,041x + 7,437
~ 90+ = 0,987
s 80 ’
£ 0
£ 50
E gg =—&—Y-Values
5 20 + Jluneiinas (Y-Values)
O 10 +
0 f I f I f i
20 30 40 50 60 70 80
Curcumin (pg/mL)

Fig. 4. Cell inhibition of curcumin on CSA03 cells (n=3)
Puc. 4. lHrmbnpoBaHue kypkymunHa knetkamm CSA03 (n=3)

pharmacological effective (anti-proliferation and
apoptosis) concentrations, curcumin could signifi-
cantly increase protein levels of RASSF1A on CSA03
cells. We found that curcumin treatment increased the
protein expression of RASSF1A in a dose-dependent
manner. At concentrations of 40 pg/mL and 50 pg/
mL, curcumin increased levels of protein RASSF1A
(A =126.53 % and 47.35 %, respectively).

Curcumin Upregulated the Protein of Bax

on CSAO03 cells

We further investigated mechanisms underlying
curcumin-induced apoptosis of breast cancer cells.
As illustrated in Fig. 6, Bax levels were significantly
upregulated by curcumin in both cells in a dose-
dependent manner. Curcumin treatment increases the
protein expression of Bax in a dose-dependent man-
ner. At concentrations of 40 ug/mL and 50 pg/mL,
curcumin increases levels of protein Bax (A =48.79 %
and 386.15 %, respectively).

SIBERIAN JOURNAL OF ONCOLOGY. 2022; 21(6): 91-98



JIABOPATOPHbBIE U 3KCMNEPUMEHTAJIbHbLIE UCCJIIEOAOBAHUA

~
|
1

3.61+0.07

()
wn
1
T

3.1£0.2

(98}
|
T

2.45+0.63

— [\
[V 0 NSV
[l [l 1

RASSFIA (ng/mL)

Curcumin
50 pg/mL

B Without Treatment ™40 pg/mL

2500 —+ 2162.5143.
97

~ 2000 T+
£
< 1500 +
2
% 1000 + 661.84+296.
S 46
A 444.82+43.8

500 + -1 .

0 .

Curcumin

= Without Treatment ™40 pg/mL 50 pg/mL

Fig. 5. Curcumin upregulated RASSF1A of protein on CSA03
cells (statistical significance: p<0.05). ELISA assay of curcumin-
induced apoptosis of cells for 24 h (RASSF1A protein level +
standard deviation, ng/mL Y-axis); untreated,

40 pg/mL, and 50 pg/mL (dose of curcumin, X-axis). Curcumin
upregulated RASSF1A of protein on CSAO03 cells in a dose-
dependent manner (n=3)

Puc. 5. KypkymuH aktnsmnpoBan 6enok RASSF1A Ha kneTtkax
CSAOQ03 (cTatuctnyeckas 3HadumocTb: p<0,05). ELISA-aHanu3
VHAYLIMPOBaHHOIO KYPKYMUHOM anonTo3a KMeTok B TeYeHue 24 4
(ypoBeHb 6enka RASSF1A + ctaHgapTHOE OTKMOHEHWe, Hr/mn,
ocb Y); HeobpaboTaHHbIn, 40 Mkr/mn 1 50 MKr/mMn (fo3a KypKymu-
Ha, ocb X). KypkymuH aktusmnpoBan 6enok RASSF 1A Ha kneTtkax
CSAO03 po3o3aBucumMbIM 0bpasom (n=3)

Curcumin Induces Apoptosis (Caspase-3)

on CSAO03 cells

In this study, the curcumin concentrations used
were 0 ug/mL (without exposure), a low concentration
below the IC50 (40 ug/mL), and a high concentration
above the IC50 (50 pg/mL). The cells were treated of
curcumin for 24 h. Our results indicated that curcumin
in a dose-dependent manner induced apoptosis. As il-
lustrated in Figure 7, the percentage of caspase-3 with
a curcumin concentration of 40 pg/mL increased to
1678.51 % in CSAO03 cells. Under the treatment with
a curcumin concentration of 50 pg/mL, the level of
caspase-3 increased to 1871.889 % in CSAO3 cells.

Discussion

The effectiveness of curcumin as a chemopreven-
tive agent has been investigated using cell culture.
The types of breast cancer cells commonly used for
research on anti-proliferative drugs are cancer cells
that have similar molecular features to those of hu-
man breast cancer cells so that they are relevant for
the development of anti-proliferative therapies for
these types of subtypes. Therefore, experimental
research on CSAO03 cells is relevant to the situation
in Indonesia, to determine the relationship between
curcumin and levels of the RASSF1A protein, Bax
protein, and caspase-3 level in supporting the apoptotic
mechanism.

In this study, CSAO03 cells originating from In-
donesia were used. An MTS assay was performed
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Fig. 6. Curcumin upregulated Bax of protein on CSA03 cells
(statistical significance: p<0.05). ELISA assay of curcumin-
induced apoptosis of cells for 24 h (Bax protein level, pg/mL,
Y-axis); untreated, 40 ug/mL, and 50 pg/mL
(dose of curcumin, X-axis) (n=3)

Puc. 6. KypkymuH aktuBupoBan 6enok Bax Ha kneTkax CSA03
(ctatuctuyeckas 3HadmmocTb: p<0,05). ELISA-aHanu3 nHayumpo-
BaHHOrO KypPKYMVMHOM arnonTosa KMeTok B TedeHne 24 4 (ypoBeHb
6enka Bax, nr/mn, ocb Y); HeobpaboTtaHHble, 40 MKr/Mn u
50 mkr/mn (0o3a KypkyMuHa, ocb X) (n=3)

to investigate the cytotoxicity effect of curcumin on
CSAO03 cells. The MTS assay in this study indicated
that the IC50 of curcumin on CSAO03 cells was 40.85
pg/mL. This result was lower than that on MCF-7
breast cancer cells (75.73 pg/mL), which had the
same molecular picture as CSAO03 cells [12]. This
indicates that CSA03 cells are quite sensitive. At low
concentrations, curcumin was able to inhibit growth
by 50 % in CSAO03 cells.

In some Southeast Asian countries, including In-
donesia, turmeric is often used as a cooking spice, so
that lower concentrations have shown a cytotoxicity
level of 50 %. Frequent use of turmeric may interfere
with the antitumor activity of curcumin. In the study
of Hafner et al. on growth rates, it was reported that
modification of genes or the microenvironment often
results in changes in cell division [14, 15]. One of the
cytotoxicity mechanisms of curcumin is the oxidative
stress pathway. Curcumin, in high doses, can activate
mitochondrial enzymes that lead to the production of
ROS. The induction of ROS by curcumin can occur
through its interaction with thioredoxin reductase,
thereby altering the activity of NADPH oxidase, which
in turn can lead to the production of ROS. Several
studies have demonstrated that curcumin can induce
ROS [16, 17].

In the study of Lv et al. [18], it was reported that
curcumin administration would increase Bax on
MCEF-7 cells in a concentration-dependent manner. In
that study, curcumin was only given at one time, 48
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4.98+1.16

Curcumin

B Without Treatment ™40 pg/mL 50 pg/mL

Fig. 7. Curcumin upregulated Caspase-3 on CSA03 cells
(statistical significance: p<0.05) (n=3)
Puc. 7. KypkymuH aktnmnpoBan Caspase-3 Ha krneTkax CSA03
(ctatnctnyeckas 3HadmmocTb: p<0,05) (n=3)

hours, so it is not known whether the effect of curcumin
is time-course. However, the results of this study prove
that the effect of curcumin as pro-apoptotic breast
cancer cells is concentration-dependent. Furthermore,
based on the results of the immunohistochemical ex-
amination, CSAO03 cells have a molecular picture of
luminal subtype A. Based on the secondary data results
of the immunohistochemical examination, CSA03
cells have a molecular picture of luminal subtype A.
CSAO3 cells have low ER-positive, HER2-negative,
low Ki67-positive so that the receptors on the cell
surface for cancer growth and cell proliferation are
also low, but cancer growth occurs with sufficiently
large mass (>5 cm). In these circumstances, it should
be suspected that a series of mechanisms occur and
involve many genes in cells for cancer growth.

In cancer, there is a susceptibility to genetic variant
loci that influence the regulation of gene expression,
including variants in genes involved in DNA repair,
cell cycle control, apoptosis, tumor suppressor ubig-
uitination, and mitotic kinases. The DNA methylation
factor is also suspected to be one of causes of tumor
growth. DNA methylation is one of the most com-
mon epigenetic modifications. These modifications
do not alter the main sequence of DNA but are criti-
cal factors for normal development, gene expression
patterns, and genomic stability. The RASSFIA gene
is epigenetically inactivated in various solid tumors.
In several studies reported, RASSF1A hypermethyla-
tion was detected in 48—70 % of breast cancer patients
[19, 20].
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The results of this study indicated that giving cur-
cumin to CSA03 breast cancer cells increased levels of
RASSF1A protein (Fig. 5). This agrees with the study
by Ung et al., that DNA hypermethylation correlates
with ER-positive, although it is also ER negative [21].
On this basis, it should be suspected that there has
been an increase in DNA hypermethylation in CSA03
cells. In DNA hypermethylation, a DNMT catalytic
mechanism occurs that involves the formation of co-
valent bonds between cysteine residues on the active
site of the enzyme and carbon 6 (C6) cytosine DNA.
This bond increases the flow of electrons to carbon 5
(C5) so that it readily accepts the methyl base cyto-
sine group facilitated by the DNA methyltransferase
(DNMT) enzyme, known as SMethylcytosine (5 mC)
[22]. Curcumin can also act as a competitive inhibitor
with the C6 atom of the cytosine ring in the catalytic
space through the C3 keto-enol curcumin portion. This
covalent bond will inhibit DNMT1 activity without
joining the DNA [23].

The increase in the RASSF1A protein was also fol-
lowed by an increase in the levels of Bax and caspase-3
proteins in CSAOQ3 breast cancer cells after 24 hours
of curcumin administration, both at concentrations of
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