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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 CSA03 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 µg/mL. At concentrations of 40 µg/mL 
and 50 µg/mL, curcumin increases levels of protein RASSF1A (∆ = 26.53% and 47.35%, respectively), Bax 
(∆ = 48.79% and 386.15%), and caspase-3 (∆ = 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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Аннотация

Актуальность. Куркумин представляет собой полифенол, обладающий фармакологической активно-
стью, которая может ингибировать рост опухолевых клеток и вызывать апоптоз с помощью различных 
механизмов. Однако конкретный механизм цитотоксичности куркумина остается спорным из-за множе-
ства анти- и проапоптотических сигнальных путей в различных типах клеток. Целью исследования 
явилось изучение взаимосвязи куркумина с уровнями белка RASSF1A, Bax и активностью каспазы-3 
в поддержке механизма апоптоза в клетках рака молочной железы CSA03. Материал и методы. 
Введение куркумина в раковые клетки основано на различиях в дозировке при 24-часовой инкубации. 
Цитотоксичность после введения куркумина определяли с помощью MTS. Уровни белков RASSF1A и 
Bax тестировали с помощью ELISA. Активность каспазы-3 использовали для определения апоптоза 
и тестировали с помощью проточной цитометрии. Статистическая обработка данных проводилась с 
использованием программы Statistical Program for Social Science (SPSS) версии 20.0 для Windows. 
Проверка гипотез выполнялась с использованием непараметрического численного сравнительного 
теста проверки гипотез. Для оценки разницы между >2 группами непарных концентраций использова-
ли непараметрический критерий Крускала–Уоллиса, а для оценки значимой разницы в двух группах 
проводили апостериорный анализ Манна–Уитни. Результаты. Показано, что цитотоксический эффект 
куркумина составил 40,85 мкг/мл. В концентрациях 40 мкг/мл и 50 мкг/мл куркумин увеличивает уровни 
белка RASSF1A (∆ = 26,53 % и 47,35 %, соответственно), Bax (∆ = 48,79 % и 386,15 %) и каспазы-3 (∆ = 
1678,51 % и 1871,889 %). Заключение. Введение куркумина в клетки CSA03 эффективно уменьшало 
рост клеток рака молочной железы in vitro за счет реактивации RASSF1A в качестве гена-супрессора 
опухоли и повышало уровень белка Bax в качестве индукции апоптоза (caspase-3).

Ключевые слова: Bax, caspase-3, куркумин, 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, 8]. 
Therefore, the use of new compounds from natural 

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 CSA03 cells. The CSA03 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 T2N0M0. 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, CSA03 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 CSA03 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 CSA03 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 RASSF1A 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 CSA03 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 × 106 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 × 
103 cells of CSA03 per well were plated in 96-well 
plates and treated with curcumin at concentrations of 
20, 30, 40, 60, 80 μg/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

% inhibition = -------------------------------------------- × 100 %.
Δ Control uptake − Δ Sample uptake

Δ Control uptake
     Eq (1)

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
 = ------------------------------------------------------- × 100 %        

Data without exposure

Growth 
rate (Delta)

    Eq (2)

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 CSA03 cells that had been made 
block cells indicate the same nuclei image as the nu-
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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 µg/mL (without exposure), 40 µg/mL, and 
50 µg/mL. The IC50 of curcumin on CSA03 cells 
was 40.85 µg/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 RASSF1A in cells. As 
illustrated in Figure 5, at the previously demonstrated 

Fig. 1. The morphological feature of CSA03. Hematoxylin-eosin 
staining, × 400

Рис. 1. Морфологический признак CSA03. Окраска гематокси-
лином и эозином, ×400

Fig. 2. Microscopic feature of CSA03 Cells in the Tissue Flask, 
×400

Рис. 2. Микроскопия клеток CSA03 в колбе для тканей, ×400

Fig. 3. Microscopic feature of CSA03 made of cell blocks. 
Hematoxylin-eosin staining, ×1,000

Рис. 3. Микроскопические характеристики CSA03, сделанного 
из клеточных блоков. Окраска гематоксилином и эозином, 

×1000 Fig. 4. Cell inhibition of curcumin on CSA03 cells (n=3)
Рис. 4. Ингибирование куркумина клетками 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 µg/mL and 50 µg/
mL, curcumin increased levels of protein RASSF1A 
(∆ = 26.53 % and 47.35 %, respectively).

Curcumin Upregulated the Protein of Bax 
on CSA03 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 µg/mL and 50 µg/mL, 
curcumin increases levels of protein Bax (∆ = 48.79 % 
and 386.15 %, respectively).
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Curcumin Induces Apoptosis (Caspase-3) 
on CSA03 cells
In this study, the curcumin concentrations used 

were 0 µg/mL (without exposure), a low concentration 
below the IC50 (40 µg/mL), and a high concentration 
above the IC50 (50 µg/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 μg/mL increased to 
1678.51 % in CSA03 cells. Under the treatment with 
a curcumin concentration of 50 μg/mL, the level of 
caspase-3 increased to 1871.889 % in CSA03 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 CSA03 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, CSA03 cells originating from In-
donesia were used. An MTS assay was performed 

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 μg/mL, and 50 μg/mL (dose of curcumin, X-axis). Curcumin 
upregulated RASSF1A of protein on CSA03 cells in a dose-

dependent manner (n=3)
Рис. 5. Куркумин активировал белок RASSF1A на клетках 

CSA03 (статистическая значимость: p<0,05). ELISA-анализ 
индуцированного куркумином апоптоза клеток в течение 24 ч 
(уровень белка RASSF1A ± стандартное отклонение, нг/мл, 

ось Y); необработанный, 40 мкг/мл и 50 мкг/мл (доза куркуми-
на, ось X). Куркумин активировал белок RASSF1A на клетках 

CSA03 дозозависимым образом (n=3)

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 μg/mL, and 50 μg/mL 

(dose of curcumin, X-axis) (n=3)
Рис. 6. Куркумин активировал белок Bax на клетках CSA03 

(статистическая значимость: p<0,05). ELISA-анализ индуциро-
ванного куркумином апоптоза клеток в течение 24 ч (уровень 

белка Bax, пг/мл, ось Y); необработанные, 40 мкг/мл и 
50 мкг/мл (доза куркумина, ось X) (n=3)

to investigate the cytotoxicity effect of curcumin on 
CSA03 cells. The MTS assay in this study indicated 
that the IC50 of curcumin on CSA03 cells was 40.85 
µg/mL. This result was lower than that on MCF-7 
breast cancer cells (75.73 µg/mL), which had the 
same molecular picture as CSA03 cells [12]. This 
indicates that CSA03 cells are quite sensitive. At low 
concentrations, curcumin was able to inhibit growth 
by 50 % in CSA03 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 
MCF-7 cells in a concentration-dependent manner. In 
that study, curcumin was only given at one time, 48 
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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, CSA03 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. 
CSA03 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 ubiq-
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 RASSF1A 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].

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 5Methylcytosine (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 CSA03 breast cancer cells after 24 hours 
of curcumin administration, both at concentrations of 
40 µg/mL and 50 µg/mL (Fig. 6, 7). This is according 
to the research of Law et al. [6], who demonstrated 
that RASSF1A can regulate the activity of the Bax 
protein. The results of this study indicated an increase 
in the percentage of Bax protein levels delta, the high-
est occurred in the administration of curcumin 50 
µg/mL. In the study of Lv et al. [18], it was reported 
that curcumin administration would increase Bax on 
MCF-7 cells in a concentration-dependent manner. 
Curcumin also increases caspase-3 protein levels, 
especially in the administration of curcumin of 50 
µg/mL. This increase was higher than the increase 
in RASSF1A protein levels. This can occur because 
curcumin can restore the function of protein genes of 
other tumor suppressors that are also hypermethylated. 
Together with the RASSF1A gene, these tumor sup-
pressor proteins can activate Bax levels and apoptotic 
functions that end in caspase-3 being an executor and 
responsible for apoptosis.

Conclusion
The administration of the curcumin to CSA03 cells 

efficiently decreased the growth of breast cancer cells 
in vitro through the reactivation of RASSF1A as cancer 
the tumor suppressor gene and upregulated the Bax 
protein as the induction of apoptosis (caspase-3).

Fig. 7. Curcumin upregulated Caspase-3 on CSA03 cells 
(statistical significance: p<0.05) (n=3)

Рис. 7. Куркумин активировал Caspase-3 на клетках CSA03 
(статистическая значимость: p<0,05) (n=3)
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