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Introduction

Breast cancer is one of the most devastating diseases 
globally and one of the leading causes of death in women 
worldwide (Kunnumakkara et al., 2008). Approximately 
16% of all breast cancer patient are diagnosed with triple 
negative breast cancer (TNBC) (Zawawy and Khedr, 
2022). TNBC is typically associated with a highly 
metastasis, invasive, and could avoid cell death through 
apoptosis resistance mechanism (Hanifa et al., 2022). Due 
to is heterogenicity and lack of defined molecular target, 
treatment of TNBC remains challenging (Bianchini et al., 
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2016; Yang et al., 2022). Epidermal growth factor receptor 
(EGFR), proto-oncogene that enhances cell proliferation 
and survival (Wee and Wang, 2017). Previous study 
reported the invasion, metastasis, and proliferation of 
TNBC cells induced by modulating EGFR (Song et al., 
2020a). The mutant EGFR could activate signal transducer 
and activator of transcription -3 (STAT3) pathway via 
interleukin-6 upregulation in primary human lung cancer 
leading to cancer progression (Gao et al., 2007; Wang et 
al., 2013). On the other hand, activated STAT3 signaling 
that contributes to the pathogenesis of breast cancer 
through the prevention of apoptosis (Qin et al., 2019). 
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The recent evidence from preclinical and clinical research 
have showed that STAT3 plays a critical role in TNBC 
and STAT3 regulator have shown efficacy in inhibiting 
TNBC tumor growth and metastasis (Abdelhamed et 
al., 2016). Furthermore, E1A-associated protein p300 
(EP300) has been implicated in TNBC to promoting 
tumor growth, metastatic potential, and cancer stem cells 
phenotype leading to apoptosis resistance (Ring et al., 
2020; Li et al., 2022). Previous study also reported that 
mutated EP300 has been promoted cell proliferation and 
escape the immune checkpoint through programmed death 
ligand-1 (PD-L1) regulation and miRNA MIR17 (Yeh et 
al., 2021a). In TNBC cells, the serine/threonine kinase-1 
(AKT1) also involved in proliferation and suppressing 
apoptosis (Martorana et al., 2021). Upregulated STAT3 
induced AKT1 pathway through transcription factor EB 
(TFEB) expression promote cells migration and invasion 
by upregulation of matrix mettaloproteinase-9 (MMP-9) 
and -2 (MMP-2) protein expression (Ma et al., 2020). The 
emerging data suggest that targeting these molecules may 
be a potential molecular target and biomarker for TNBC.

Indonesian medicinal herbs shows a promising 
anti-cancer properties, including Curcuma longa and 
Phyllanthus niruri due to their capability to induce cancer 
apoptosis (Kunwar et al., 2008; Tang et al., 2010; de 
Araújo Júnior et al., 2012; Tomeh et al., 2019). Curcuma 
longa extract is rich in secondary metabolites including 
flavonoid, terpenoid, alkaloids, and steroid saponins 
that exhibit anticancer activity on several cancer cells 
(Shafabakhsh et al., 2019; Hermansyah et al., 2021; 
Paramita et al., 2022). Previous studies reported that 
Curcuma longa extract (CL) may increase the regulation 
of multiple signaling pathways to involve metastasis 
inhibition in cancer cells including STAT3, JAK, MAPK, 
and EGFR pathway (Sun et al., 2019; Farghadani and 
Naidu, 2021). In addition, CL rhizome extract was also 
reported inhibit metastasis by NF-kB/c-JUN/MMP 
pathway (Saeed et al., 2022) and targets EGFR in cancer 
leading to tumor cell killing (Sun et al., 2012; Tajuddin 
et al., 2019) Curcumin, a major compound derived from 
CL rhizome in combination with mitomycin significantly 
induces apoptosis by regulating Bcl-2 family in breast 
cancer cells (Zhou et al., 2015).  Moreover, curcumin 
overcomes multidrug resistance in various cancer (Roy 
and Mukherjee, 2014; Gou et al., 2015). We previously 
showed that Phyllanthus niruri extract (PN) improved 
the antimetastatic effect of CL extract on MDAMB-231 
(Hermansyah et al., 2021). PN possess anticancer activity 
due to the secondary metabolite’s compounds including 
flavonoid, alkaloid, terpenoid, and saponin (Jantan et al., 
2019). Furthermore, the PN extract performed antitumor 
activity by regulating regulation of NF-κB, P13K/AKT, 
and ERK/JNK/P38/MAPKs signaling pathways associated 
with cell growth, proliferation, metastasis, and apoptotic 
cell death (Huang et al., 2003; Lee et al., 2011; Tseng 
et al., 2012; Zheng et al., 2016; Saahene et al., 2021). 
However, the role of combination therapy CL and PN in 
TNBC remain largely undefined. The anticancer effect 
of combination CL-PN and the molecular mechanism 
to promote apoptosis and inhibit metastasis is required. 
Therefore, current research trends are focusing on finding 

potentially therapeutically manageable combinations 
of herbal compounds, which could significantly help 
to decrease the risk of metastasis development and 
disease recurrence. This study focuses on elucidating the 
mechanism of CL extract when combined with PN extract 
in TNBC cells under in vitro study and bioinformatic 
approach. Our findings from this study can be fundamental 
for the development of combination CL and PN extract as 
an alternative agent for the inhibition of TNBC metastasis 
on breast cancer cells. 

Materials and Methods

Plant materials
The rhizomes of Curcuma longa and the herbs of 

Phyllanthus niruri were collected from Tawangmangu, 
Karanganyar, Central Java, Indonesia (latitude 7°40’39.3” 
north; longitude 111°08’09.4” E) in November 2019 
and February 2020, respectively. These plants were 
identified and verified by biologists from the Indonesian 
Medicinal Plants and Traditional Medicine Research and 
Development Center (B2P2TOOT). For the bioassay, the 
rhizomes of Curcuma longa and herbs of Phyllanthus 
niruri were dried and circulated at 40°C, and renewed in 
an air oven until completely dehydrated.

Extraction methods
Curcuma longa (500g) and Phyllanthus niruri (500g) 

were washed and dried, and the successively macerated 
with ethanol 96% (Merck, Darmstadt, Germany) for 72 
hours in room temperature 25°C ± 2°C. The macerated was 
filtered through Whatman No.1 filter paper and evaporated 
under reduced pressure rotary vacuum evaporator (IKA 
HB 10 basic) at 40°C and 80 rpm. Curcuma longa extract 
(CL) 5.11% yield and Phyllanthus niruri (PN) 2.37% yield 
were stored at -20°C and protected from light.

Phytochemical screening of Curcuma longa and 
Phyllanthus niruri extract

The CL and PN were tested for the presence of 
flavonoids, alkaloids, tannins, steroids, terpenoids, and 
saponins. The qualitative results are expressed as (+) for 
the presence and (−) for the absence of phytochemicals. 
The flavonoids were test using Wilstater’s test according 
to (Fernanda et al., 2019). Briefly, 2 mg of each CL and 
PN was mixed with HCl (Merck, Darmstadt, Germany)  
500µL and 0.02 mg magnesium (Merck, Darmstadt, 
Germany). The presence of flavonoids is characterized by 
the occurrence of discoloration. The presence of alkaloids 
indicated with a brown colored precipitate that determined 
under Wagner’s test, 15 mg of APE was stirred with 1% 
HCl (6 mL) on water bath for 5 minutes and filtered. The 
filtrate was added with few drops of Wagner solution 
(2 gram of Potassium iodide (Merck, Darmstadt, Germany)  
and 1,27 g of Iodine (Merck, Darmstadt, Germany) in 95 
mL of distilled water) (Y et al., 2016). Furthermore, 
Tannins content was analysis the CLE and PNE with 1% 
ferric chloride (Merck, Darmstadt, Germany), the black 
or blue coloration was taken a positive result of tannins 
(Sri Sulasmi et al., 2019). Liebermann-Burchard test was 
used to determine the presence of steroids and terpenoids, 
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and combination treatment for 24 h. After treatment, the 
cells were incubated with BD Cycletest (BD Biosciences, 
USA) according to manufacture instructions. Finally, the 
percentage of cell distribution were determined by flow 
cytometry (DB Accury C6 plus, BD Biosciences, USA) 
(Suzery et al., 2020). 

Apoptosis analysis
The cells were treated with CL, PN, and the 

combination in several concentration for 24 h. The 
quantification of apoptosis cells was measured by 
Annexin V-PI assay (BD Biosciences, USA). Briefly, 
after incubation the cells were harvested and incubated 
with 5μL Annexin V-FITC and 5μL PI (50μg/mL) for 30 
min at 4°C in the dark. Finally, the cells were analyzed 
by flow cytometry (DB Accury C6 plus, BD Biosciences, 
USA) (Jenie et al., 2019). 

ROS levels assay
For all ROS experiments, MDAMB-231 cells were 

collected by centrifugation, washed with PBS and 
incubated with 2.5 μM DCFDA (Sigma-Aldrich, USA)  
in supplemented buffer (10% FBS in PBS) for 30 min in 
the dark at 37°C. Each cell was treated with CL, PN, and 
combination thereof then incubated for 4 h in 37°C CO2 
5%. Intracellular ROS was determined by flow cytometry 
(DB Accury C6 plus, BD Biosciences, USA) (Mursiti et 
al., 2021). 

Bioinformatic analysis
We collected the active compounds of CL and PN with 

anti-breast cancer activity using Dr. Duke’s phytochemical 
and ethnobotanical databases (https://phytochem.nal.usda.
gov/). We obtained curcumin from CL, and limonene and 
rutin from PN which have anti-cancer effect to be used 
for further analysis. We used several web tools to acquire 
the potential target genes for curcumin, limonene, and 
rutin including Similarity Ensemble Approach (SEA) 
(https://sea.bkslab.org/), SwissTargetPrediction (http://
www.swisstargetprediction.ch/), and STITCH chemical 
association networks (http://stitch.embl.de/). Gene 
associated with TNBC proliferation were obtained from 
PubMed using the key words “Triple negative breast 
cancer proliferation”. Furthermore, we used Venny 2.1 
(https://bioinfogp.cnb.csic.es/tools/venny/) to obtain the 
overlapping genes between CL target genes, PN target 
genes, and TNBC proliferation (OG). The protein-protein 
interaction (PPI) was constructed the network using 
functional protein association networks (STRING-DB) 
(https://string-db.org/) with high confidence score than 
0.7. Then the network analysis was generated through 
the latest Cytoscape. According to degree, we ranked the 
selected genes and chose the top 10 genes analyzed in 
CytoHubba (Cahyono et al., 2021; Mursiti et al., 2021). 
We also curated the overall survival (OS) analysis for 
10 genes under Kaplan–Meier Plotter database (http://
www.kmplot.com/) and selected TCGA based on subtype 
TNBC. The plot consists of separate patients divided into 
the high- and low-expression subgroups based on the 
gene transcriptional expression level of a given gene, the 
hazard ratio (HR) with the 95% confidence interval, and 

briefly 100 mg of CL and PN was shaken with chloroform 
and added the few drops of acetic anhydride was added to 
the test tube and boiled in a water bath and rapidly cooled 
in iced water. Concentrated H2SO4 (Merck, Darmstadt, 
Germany) (2 mL) was added alongside of the test tube. 
Formation of a brown ring at the junction of two layers 
and turning the upper layer to green shows the presence 
of steroids while formation of deep red color indicates the 
presence of triterpenoids (Adu et al., 2019). The saponin 
presence was analysis under Forth’s test, 500 mg of CL 
and PN was shaken with 10 mL of distilled water. The 
formation of frothing, which persists on warming in a 
water bath for 5 min, shows the presence of saponins 
(Adu et al., 2019). 

Cell culture
MDA-MB-231 human breast cancer cell line was 

obtained from the American Type Culture Collection 
(#HTB26 ATCC, Manassas, VA, USA). MDAMB-231 
is cultured in high glucose Dulbecco’s modified Eagle’s 
Medium (DMEM) (Gibco, USA) enriched with 10% fetal 
bovine serum (Gibco, USA), 12.5μg/ml amphotericin B 
(Gibco, USA), 150μg/ml streptomycin, and 150 IU/ml 
penicillin (Gibco, USA). The cells were cultured at 37°C 
and 5% CO2. 

Cell viability assay
The effect of CL and PN on MDAMB-231 breast 

cancer cell proliferation was determined using MTT 
assay (Ikawati et al., 2020). Briefly, 5x103 cells/well were 
cultured in 96-well plate for 24 h. Then, the treatment with 
0-200 μg/mL of CL or PN was applied for 24, 48, and 
72 h. Untreated cells are considered as negative controls 
(DMEM containing DMSO 0.01%). After the treatment, 
the medium containing the extracts was replaced by 
fresh complete medium and 0.5 mg/mL MTT (Sigma-
Aldrich) was added for 4h. Then, DMSO was added to 
dilute formazan crystals, and the OD of the supernatant 
was measured at λ595 nm under ELISA reader (Biorad 
iMarkTM Microplate Reader). The IC50 value was 
calculated through linier regression equation (Y= bX + 
a). The data for this study was conducted through three 
replication experiments (Amalina et al., 2021a).

Combination activity
We evaluated the combination effect of CL, PN, and 

their combination on MDAMB-231 cells under MTT 
assay (Hermansyah et al., 2021). The cells were treated 
with one IC50, one-half IC50, one-fourth IC50, and one-
eighth IC50 of CL, PN, and combination thereof for 24 
h. After 24 h of treatment, the percentage of viable cells 
was determined using the above in vitro cytotoxicity assay 
method (Ikawati et al., 2020; Hermansyah et al., 2021). 
Furthermore, the drug interactions between CL and PN 
were determined using isobologram analysis and denoted 
with the combination index under CompuSyn software 
(ComboSyn Inc, Paramus, New Jersey). 

Cell cycle analysis
MDAMB-231 breast cancer cells were cultured in the 

6-well plates in the presences of CL and PN in the single 
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the log-rank P value were calculated and displayed on the 
chart. Furthermore, we conducted pathway analysis using 
the Kyoto Encyclopedia of Genes and Genomes database 
(KEGG) (www.genome.jp/kegg). Functional enrichment 
and pathway enrichment analyses were analyzed under 
the Database for Annotation, Visualization and Integrated 
Discovery (DAVID) (http://david-d.ncifcrf.gov) (Amalina 
et al., 2021b). P-value was adjusted by the method of 
Benjamini-Hochberg to control the false discovery rate. 
Enriched GO terms and KEGG pathways were identified 
as significant with P<0.05 (Tjipta et al., 2022).

Statistical analysis
Statistical analyses were accomplished with software 

SPSS 26.0 (SPSS Inc., Chicago, IL, USA). All quantitative 
variables are expressed as mean and standard deviation. 
The data obtained were collected, compiled, and tested for 
normality with the Shapiro-Wilk test and homogeneity test 
with the Lavene test. Data analysis used one-way ANOVA 
and a least significant difference [LSD] comparison post 
hoc test p value <0.05 indicated statistical significance. 

Results

Phytochemical screening of Curcuma longa extract and 
Phyllanthus niruri extract

The phytochemical screening of crude ethanolic 
extract of Curcuma longa extract and Phyllanthus 
niruri extract revealed the presence of some secondary 
metabolites such as alkaloids, tannins, flavonoids, 
terpenoids, saponins, and steroids (Table 1). However, 
CL does not contain saponins.

Anti-proliferative effects of single treatment Curcuma 
longa extract and Phyllanthus niruri extract on 

MDAMB-231 cells
The anti-proliferative activities of CL and PN in the 

TNBC MDAMB-231 cells were used MTT assay. CL 
caused a significant dose-and time-dependent reduction in 
the number of colonies compared to that of the untreated 
cells (Figure 1A). A similar pattern was found in the PNE 
antiproliferative effect (Figure 1B). After 24, 48, and 72 
h incubations, IC50 value were calculated respectively, 
for CL on MDAMB-231 cells to be 13, 7, and 2 μg/mL, 
for PNE to be 45, 38, and 29 μg/mL (Figure 1C). The 
cytotoxic effect of CL was found higher than PNE in 
TNBC cells.  

Synergistic effect of CL and PN on MDAMB-231 cells
MDAMB-231 cells were treated with several 

concentration of CL and PN in single and combination for 
24 h to investigate the combined effect. The IC50 value 
obtained after cytotoxic single treatment were used to 
evaluate their concentration on CL and PN combinations. 
The concentration used were calculated as one, one-half, 
one-fourth, one-eighth IC50. The combining CL and PN 
enhanced their anticancer effect against MDAMB-231. 
In comparison with CL and PN in single treatment, this 
combination resulted in greater efficacy in inducing 
antiproliferative of MDAMB-231 cells (Figure 2A). 
Furthermore, the combination index value of CL and PN 
under CompuSyn calculation showed slightly strong to 
very strong synergistic effects with combination index 
values ranged from 0.08 – 0.90 (Figure 2B).

Effect of CL and PN on cell cycle distribution 
To investigate the factors contributing to the growth 

inhibition of MDAMB-231 cells, we analyzed the effect 
of CL and PN on cell cycle distribution under single and 
combination treatment in several concentration for 24 h. 

Figure 1. Percentage of MDAMB-231 Cells Survival after 24, 48, and 72 h after Treatment with (A) CL and (B) PN 
with Several Concentration 0-200 μg/mL. (C) IC50 value of CL and PN in several treatment duration. The results are 
presented as the mean ± standard deviation for n = 3, p < 0.05.
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The flow cytometry results showed the single treatment CL 
13 μg/mL and PN 45 μg/mL induce S- and G2/M-phases 
cell cycle arrest (Figure 3A). The average proportion of 
S phase and G2/M phases after CL 13 μg/mL treatment 
was 22.57 ± 1.80% and 26.35 ± 1.10%, respectively. In 
addition, the percentage of S phase and G2/M phases 
induced by PN lower than CL was 18.09 ± 1.65% and 
19.00 ± 0.86%, respectively. Moreover, the percentage 
of cells in the G2/M phase significantly increase in a 
combination treatment of CL 13 μg/mL and PN 45 μg/

mL up to 42.59 ± 0.74% (Figure 3B). The results suggest 
that the combination treatment of CL and PN blocks 
MDAMB-231 cells in G0/G1 phase and increases the 
percentage of cells in the G2/M phase.  

Effect of CL and PN on apoptosis induction
To determine the effect of CL or PN alone and 

combination on apoptosis induction was onbserved via 
Annexin V-PI flow cytometry assay. The presence of 
CL and PN was significantly induced apoptosis up to 

Figure 2. Combination Efect of CL and PN on MDAMB-231 Cells. (A) The combination index plot in several 
concentration and (B) combination index value of CL and PN calculated using CompuSyn. The results are presented 
as the mean ± standard deviation for n = 3, p < 0.05.

Figure 3. CL and PN Induced Cell Cycle Arrest on MDAMB-231 Cells. (A) Flow cytometry analysis of percentage 
cell in each phase of cell cycle for the indicated treatment. (B) Percentage of cell cycle distribution of CL or PN 
in single and combination treatment for 24 h. The results are presented as the mean ± standard deviation for n = 3, 
p < 0.05.
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6.03 ± 0.26% and 8.73 ± 0.15%, respectively for 24 h. 
Interstingly, the combination treatment was shown to 
induce apoptosis at a higher rate than alone treatment up 
to 11.47 ± 0.18% (Figure 4A). To clarify the molecular 
mechanisms underlying combination CL and PN-induced 
apoptosis, we analysed the intracellular ROS levels. 

CL and PN induce the intracellular ROS levels in 
MDAMB-231 cells 

The ROS is essential for most cellular activities and 
survival (Weinberg et al., 2019). The role of induction 
ROS levels in CL and PN-induces TNBC cancer cell 
apoptosis was further investigated. We found that CL 
significantly increased the ROS levels, but PN doesn’t 
(Figure 4B). However, the combination therapy strongly 
increased intracellular ROS levels up to 56.80 ± 6.08% 
(Figure 4C).  

Bioinformatic analysis 
We screened out a total of 206 genes and 50 genes were 

encoded as a direct protein target of CL (curcumin) and PN 
(limonene and rutin) (DPT), respectively (Supplementary 
Data 1).  A PubMed generated 1016 genes associated 
with triple negative breast cancer proliferation (TNBC-
Proliferation) (Supplementary Data 2). Furthermore, under 
Venny 2.1 we analysis the overlapping genes and the gene 
list from PubMed generated 56 genes that were regulated 
by DPT and were related with TNBC proliferation (Figure 
5A) (Supplementary Data 3). Protein-protein interaction 
(PPI) network investigated the systemic interaction 
between the overlapping gene we got above. Fifty-six 
the overlapping genes (DEG) in total ere mapped to the 
DEG PPI network with 56 nodes and 149 edges (Figure 
5B). And the Cytoscape CytoHubba was applied for 
further analysis of DEG in PPI network, and we got a 
result of 10 particular nodes being identified which were 
all up-regulated DEG (Figure 5C). To Investigate the 
survival data of 10 genes were identified, K-M plotter 
indicated that four (AKT, EP300, STAT3 and EGFR) of 
them had a significant survival rate while other 6 genes 
had not (P<0.05) (Figure 6). For estrogen receptor (ER) 
negative, progesterone receptor (PR) negative, and HER 
negative subtypes 2168, 1989, and 6262 samples are used 
respectively. The results also show of the survival analysis 
with the smallest log-rank p-value of gene for each 
subtype. The p-values of AKT, EP300, STAT3, and EGFR 
are less than 0.05. This indicates that these genes can be 
used as potential prognostic markers of TNBC subtypes.

KEGG pathway enrichment analysis was performed 

Figure 4. CL and PN Induce Cell Apoptosis through Increasing Intracellular ROS Level. (A) Percentage of apoptosis 
cells were detected with Annexin V/PI staining by flow cytometry analysis. (B) Percentage of intracellular ROS levels 
were (C) analysed with DCFDA flow cytometry assay. The results are presented as the mean ± standard deviation for 
n = 3, p < 0.05.

Chemical 
componenet

Name of the test CL PN

Alkaloids Wagner test + +
Flavonoids Wilstater test + +
Tannins Braemer’s test + +
Saponins Forth test - +
Steroids Lieberman Burchardt test + +
Terpenoids Lieberman Burchardt test + +

Table 1. Phytochemical Screening of Secondary 
Metabolites from Curcuma Longa Extract and 
Phyllanthus Niruri Extract
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by using DAVID. There were 56 pathways obtained and 
36 of them were statistically significant (P<0.05). The 
top nine important pathways involved in EGFR tyrosine 
kinase inhibitor resistance, PD-L1 expression and PD-1 
checkpoint pathway cancer, ErbB signaling pathway, 
Notch signaling pathway, NF-kappa B signaling pathway, 
cell cycle, P53 signaling pathway, focal adhesion, and 
regulation of actin cytoskeleton (Table 2). 

Discussion

Natural products especially the herbal products 
induce the cancer cell death by induction of apoptosis, 
alteration of cell cycle and by modifying the various 
signaling pathways. The major problem with the currently 

available chemotherapeutic agents is the side-effects, 
which kill both cancerous and normal cells since they 
are not selective. In light of this, the use of plant to kill 
cancer cells is a more promising area of cancer research 
thereby reduces the adverse effects of cancer treatment. 
The previous reports showed 38% viable cells when breast 
cancer stem cells (BCSCs) treated with Curcuma longa 
(CL) (Hermansyah et al., 2021). Phyllanthus niruri (PN) 
has previously shown to be an effective in MCF-7 and 
A549 cells (Lee et al., 2011; Parvathaneni et al., 2014). 
Previous study also reported that the combination therapy 
more effective which indicated by a higher number of cells 
undergoing apoptosis (Amalina et al., 2021b). In order 
to identify more effective antiproliferative biomarker in 
TNBC under CL and PN treatment, we used invitro and 

Pathway ID Name Count p-value Genes
1521 EGFR tyrosine kinase inhibitor resistance 9 3.10E-10 MET, EGFR, RPS6KB1, GSK3B, AKT1, 

STAT3, RAF1, BRAF, BCL2
5235 PD-L1 expression and PD-1 checkpoint 

pathway cancer
9 6.34E-10 AKT1, STAT3, PTPN6, JUN, EGFR, RAF1, 

TRL9, NFKB1, RPS6KB1
4012 ErbB signaling pathway 7 8.41E-08 EGFR, AKT1, RPS6KB1, GSK3B, BRAF, 

RAF1, JUN
4330 Notch signaling pathway 3 0.0018 ADAM17, EP300, HDAC2
4064 NF-kappa B signaling pathway 5 6.08E-05 PTGS2, TNF, CXCL2, NFKB1, BCL2
4110 Cell cycle 5 0.00012 EP300, HDAC2, GSK3B, CHEK1, WEE1
4115 P53 signaling pathway 3 0.004 CHEK1, BCL2, SERPINE1
4510 Focal adhesion 8 9.50E-07 MET, EGFR, AKT1, GSK3B, RAF1, JUN, 

BRAF, BCL2
4810 Regulation of actin cytoskeleton 4 0.009 BRAF, RAF1, EGFR, CXCL2, 

Table 2. KEGG Analysis of DEG

Figure 5. Common DEG PPI Network of Overlapping Genes Constructed by STRING Online Database and Cytoscape 
Analysis. (A) Overlapping genes analysis by venny 2.1. (B) Node meant protein; the edge meant the interaction of 
protein. (C) Degree score analysis via Cytoscape CytoHubba tool. 
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bioinformatic approach.  
Cytotoxic assay with MTT showed that CL and PN 

exhibited cytotoxic activity in MDAMB-231 cells at 
doses- and time-dependent manner. A natural compound 
for combination therapy should be potent, but also less 
toxic toward normal cells (Yan et al., 2017). Previous 
acute and chronic toxicity studies showed that CL and PN 
are not toxic in animals (de Queiroz et al., 2013; Abdel-
Shafy et al., 2020). Further, the study was continued using 
CL-PN combination to investigate the synergistic effect 
mechanism of combination thereof.  Combination of CL 
and PN showed that PN augmented the inhibitory effect 
of CL on the growth of MDAMB-231 cells in vitro. The 
antiproliferative effect of combination treatment with 
CL and PN depends on their individual concentrations, 
suggesting a synergistic effect. The combination index 
value of CL and PN under CompuSyn calculation showed 

slightly strong to very strong synergistic effects with 
combination index values ranged from 0.08 – 0.90. The 
previous paper revealed that CL it has potent cytotoxic 
effect on leukemic cancer and breast cancer (Larasati et 
al., 2018; Hermansyah et al., 2021). Thus, those findings 
support the use of CL and PN as a combination agent in 
TNBC treatment. 

The potential reason for the perceived cytotoxicity of 
the compounds was indorsed to the formation of reactive 
oxygen species (ROS), which subsequently induces cell 
death (Mursiti et al., 2021). The results of this study 
proved that combination treatment of CL and PN blocks 
MDAMB-231 cells in G0/G1 phase, increases the 
percentage of cells in the G2/M phase, and significantly 
induced apoptosis through ROS level elevation. Cell 
cycle checkpoint dysfunction might lead to abnormal 
cell proliferation and cancer development. Furthermore, 

Figure 6. Survival Analysis (Kaplan-Meier plots) of up-Regulated DEG. biomarkers high values is shown in red and 
low values are shown in black
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the G2/M checkpoint prevented damaged DNA from 
entering mitosis and was critical in DNA damage-induced 
apoptosis (Khazaei et al., 2017). Most anticancer drugs 
induced cancerous DNA damage, blocked mitosis and 
arrested cells at the G2/M phase (Amalina et al., 2017; 
Jenie et al., 2019). According to the findings of this 
investigation, the combination was more effective than 
single treatment in causing G2/M cell cycle arrest. The 
results also indicated that combination of CL and PN-
induced cell death is mediated by induction in ROS 
in breast cancer MDAMB-231 cells. Increased ROS 
activated phosphatidylinositide 3-kinase/ protein kinase B 
(PI3K/Akt) signaling pathway and lead to the secretion of 
cytokines chemokine ligand 7, colony-stimulating factor-1 
(CSF-1), and interlukin-8 leading to macrophag M2 
polarization, thus inhibiting to cell growth. In addition, the 
high levels of ROS inhibit tumor invasion and metastasis 
by inhibiting matrix mettaloprotease (MMP)-dependent 
extracellular matrix (ECM) formation (Wang et al., 2021). 
Furthermore, ROS-activated PI3K/Akt signaling pathway 
can inhibit glycogen synthase kinase 3β (GSK-3β) that 
promote the nuclear-translocation of β-catenin, finally 
inhibiting epithelial mesenchymal transtition (EMT) 
leading to metastasis inhibition (Huang et al., 2021). 
Therefore, Combination treatment is more effective in 
promoting cancer cell death resulting in enhanced ROS 
levels. However, the limitation of this study we didn’t 
evaluate the effect of combination treatment in the normal 
cells to evaluating the selectivity of these agents. 

To determine the molecular mechanism of combination 
CL and PN on TNBC cell proliferation, we conduct 
bioinformatic analysis using several public data-based 
and tools analyses. A total of 256 genes as a direct 
protein target of CL (curcumin) and PN (limonene and 
rutin) (DPT) were selected by three data sets including 
SEA, SwissTargetProtein, and STITCH. Under Venn 
software analysis, 56 overlapping genes were extracted 
that associated with TNBC proliferation. The KEGG 
pathway analysis were significantly enriched in various 
cell pathways. Furthermore, in this study we observed the 
top four genes as a potential of antiproliferation biomarker 
in TNBC, including AKT1, EP300, STAT3, and EGFR. 
Research reported that downregulation of AKT1 gene 
inhibit cellular growth and survival by phosphorylating 
and regulating many targets, including the mammalian 
target of rapamycin (mTOR) (Cohen, 2013; Martini et 
al., 2014). The inhibition of AKT1 inhibits metastasis of 
TNBC cancer subtype (Johnson et al., 2021). In addition, 
suppressing AKT1 expression dramatically decreased 
metastatic colonization of lungs by inducing apoptosis 
or inhibiting invasion (Johnson et al., 2021)

On the other hand, signaling transduction protein 
EP300 in TNBC could silence miRNA MIR17 leading 
to PD-L1 regulation (Yeh et al., 2021a). Furthermore, 
the ligand PD-L1 is speculated to play a major role in 
suppressing the adaptive arm of immune system in many 
diseases (Mooradian and Sullivan, 2017). It is shown that 
the upregulation of PD-L1 may allow cancers to evade 
the host immune system. EP300 also activated miRNA 
MIR17 to negatively regulate target genes BECN1 
and CD28 to promote cell proliferation and escape the 

immune checkpoint (Gayther et al., 2000). In this study 
also revealed that STAT3 as a specific biomarker for 
TNBC (Xu et al., 2018). STAT3 plays a crucial role 
of mediating tumor-induced immune suppression in 
various microenvironment conditions (Lee et al., 2010). 
The overexpression of STAT3 modified by acetylation 
regulates target genes BECN1 and CD28 to trigger 
autophagy and the inhibition of the immune response 
(Yeh et al., 2021b). Here, in the core signaling pathway 
of TNBC, autophagy has the ability to regulate T-cell 
functions, which inhibit the immune response, and cell 
proliferation to reduce the consumption and accumulate 
abundant energy for angiogenesis. Another study revealed 
that EGFR silencing inhibits TNBC cell proliferation and 
increase apoptosis through the suppression of STAT3 
(Song et al., 2020b). Nude mouse tumor formation assays 
verified that EGFR silencing could suppress tumor cell 
growth (Song et al., 2020b; Deng et al., 2022).

In conclussion, Through this study, we summarized 
that combination of CL and PN exhibited a synergistic 
effect on MDAMB-231 highly metastasis breast cancer 
by inducing the S- and G2/M-phases cell cycle arrest 
and ROS levels leading to apoptosis induction. More 
importantly, the AKT1, EP300, STAT3 and EGFR 
signaling as potential targets of combination CL and PN 
in antiproliferation and antimetastatic of TNBC.
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