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ABSTRACT 

The Triple Negative Breast Cancer (TNBC) is the most invasive breast cancer 

subtype enriched with cancer stem cells (CSCs). The absence of estrogen, 

progesterone and HER2 receptors make TNBCs difficult to be targeted by existing 

chemotherapy treatments. This study aimed to identify the effects of cisplatin and C. 

nutans as combined treatment on MDA-MB-231 and MDA-MB-468 breast cancer 

cells representing the Triple Negative Breast Cancer subtype. The effect of cisplatin, 

C. nutans and their combination were investigated on the viability and proliferative 

ability of MDA-MB-231 and MDA-MB-468 cells using Cell Titer-Glo® 2.0 and 

CyQuant NF Proliferation Assays, respectively. Three different treatments were 

studied, Cisplatin at 0-15.23 µg/mL, C. nutans at 0-50 µg/mL and combined treatment 

of 3.05 µg/mL cisplatin with C. nutans at 0-50 µg/mL. Next, a drug interaction study 

was done using isobologram-combination index analysis. The effect of these 

treatments to induce apoptosis in both cancer cells was also determined using Caspase-

Glo® 3/7. Additionally, cell invasion inhibition of MDA-MB-231 breast cancer cells 

was examined using Cultrex BME Cell Invasion assays. The expression of cancer stem 

cells protein (CD49f) and differentiation marker (CK18) was also elucidated using 

flow cytometry analysis. The results showed that the combined cisplatin-C. nutans 

treatment exhibited potent and synergistic anticancer effects on MDA-MB-231 and 

MDA-MB-468 breast cancer cells. Cisplatin and C. nutans alone reduced MDA-MB-

231 cell viability and proliferation in a dose-dependent manner by 6-69% and 1-59% 

respectively, whereas 13-78% when in combination. Greater cell viability and 

proliferation inhibition was seen in MDA-MB-468 by cisplatin (11-75%) or C. nutans 

(2-73%) alone or as combined treatment (15-77%). Significant apoptotic induction 

were exhibited in MDA-MB-231 (2.73%) and MDA-MB-468 cells (3.53%) upon 

combined treatment in comparison to a negligible apoptotic induction exerted by 

cisplatin or C. nutans alone. Furthermore, the MDA-MB-231 cell invasion ability was 

significantly reduced to 36% upon combined treatment compared to cisplatin (51%) 

and C. nutans (58%) alone. At protein level, cisplatin and C. nutans differentially 

regulated protein markers associated with cancer stem cells (CD49f) and 

differentiation (CK18). The expression of CK18 upon cisplatin, C. nutans and 

combined treatments were up-regulated whereas the expression of CD49f was down-

regulated upon cisplatin and combined cisplatin-C. nutans treatments. Interestingly, 

C. nutans alone caused a negligible change to CD49f expression. Altogether, these 

findings suggest that cisplatin-C. nutans combination is a potent anticancer agent for 

a targeted therapy against MDA-MB-231 cells and other CSCs-enriched cancers. The 

up-regulation of CK18 correlates with the induction of CSCs differentiation, on the 

other hand, down-regulation of CD49f links to cancer stem cells inhibition. The ability 

of C. nutans in sensitizing breast cancer cells against cisplatin was highlighted as a 

promising strategy to enhance anticancer effect of cisplatin and thus for the treatment 

and management of TNBC as a whole. 
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ABSTRAK 

Kanser Payudara Triple Negatif (TNBC) adalah sejenis barah payudara yang 

paling invasif diperkaya dengan sel stem barah (CSC). Ketiadaan reseptor estrogen, 

progesteron dan HER2 menyebabkan TNBC sasaran yang sukar bagi rawatan 

kemoterapi sedia ada. Kajian ini bertujuan untuk mengenal pasti kesan rawatan 

gabungan cisplatin dan C. nutans pada sel barah payudara MDA-MB-231 dan MDA-

MB-468 yang mewakili kanser jenis TNBC. Kesan cisplatin, C. nutans dan 

gabungannya telah dikenalpasti ke atas kebolehidupan dan proliferatif sel MDA-MB-

231 dan MDA-MB-468 menggunakan Cell Titer-Glo® 2.0 dan CyQuant NF 

Proliferation Assays. Tiga rawatan yang berbeza telah dikaji, Cisplatin pada 0-15.23 

µg/mL, C. nutans pada 0-50 µg/mL dan gabungan 3.05 µg/mL cisplatin dengan C. 

nutans pada 0-50 µg/mL diuji. Seterusnya, interaksi antara kedua-dua bahan turut 

dilakukan melalui analisa indeks kombinasi isobologram. Kesan rawatan mendorong 

apoptosis dalam kedua-dua sel kanser juga telah ditentukan menggunakan Caspase-

Glo® 3/7. Selain itu, perencatan penghijrahan sel barah MDA-MB-231 telah diperiksa 

menggunakan ujian Invasif Kultur Sel BMR. Pengekspresan protein sel stem barah 

(CD49f) dan penanda pembezaan (CK18) juga ditentukan menggunakan analisa flow 

cytometry. Dalam kajian ini, kombinasi rawatan cisplatin-C. nutans jelas menunjukkan 

kesan antikanser yang ketara dan bersinergi pada sel barah payudara MDA-MB-231 

dan MDA-MB-468. Cisplatin dan C. nutans masing-masing mengurangkan daya 

hidup dan proliferasi sel MDA-MB-231 sebanyak 6-69% dan 1-59% manakala 13-

78% apabila digabungkan. Perencatan terhadap daya hidup dan proliferasi sel yang 

lebih besar dilihat dalam MDA-MB-468 oleh cisplatin (11-75%) atau C. nutans (2-

73%) sahaja atau sebagai rawatan gabungan (15-77%). Induksi apoptosis yang ketara 

telah dipamerkan di dalam sel MDA-MB-231 (2.73%) dan MDA-MB-468 (3.53%) 

pada rawatan gabungan berbanding rawatan cisplatin atau C. nutans sahaja. Tambahan 

pula, keupayaan penghijrahan sel MDA-MB-231 telah berkurangan dengan ketara 

kepada 36% pada rawatan gabungan berbanding cisplatin (51%) dan C. nutans (58%) 

sahaja. Pada tahap protein, rawatan cisplatin dan C. nutans menunjukkan perbezaan 

dalam pengekspresan sel stem barah (CD49f) dan penanda pembezaan (CK18). 

Ekspresi CK18 menunjukkan peningkatan akibat rawatan cisplatin, C. nutans dan 

rawatan gabungan manakala ekspresi CD49f menunjukkan pengurangan akibat 

rawatan cisplatin dan kombinasi cisplatin-C. nutans. Sebaliknya, rawatan C. nutans 

sahaja tidak menunjukkan sebarang perubahan yang ketara pada ekspresi CD49f. 

Secara keseluruhannya, penemuan ini mencadangkan bahawa kombinasi cisplatin-C. 

nutans ialah agen antikanser yang kuat untuk terapi yang mensasarkan sel MDA-MB-

231 dan kanser lain yang diperkaya dengan CSC. Peningkatan CK18 dikaitkan dengan 

induksi pembezaan sel stem barah manakala pengurangan CD49f berkait rapat dengan 

pengurangan sel stem barah. Keupayaan C. nutans dalam pemekaan sel barah 

payudara terhadap cisplatin telah ditonjolkan sebagai strategi yang berpontensi dalam 

meningkatkan kesan anti-kanser cisplatin dan seterusnya rawatan dan pengurusan 

TNBC secara keseluruhan. 
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CHAPTER 1  

 

 

INTRODUCTION 

1.1 Background of Study 

Cancer is a non-communicable disease and is one of the leading causes of death 

at the global level. Recently, the World Health Organization (WHO) revealed that non-

communicable diseases make up 7 of the world’s top 10 death, according to WHO’s 

2019 Global Health Estimate. This new data that cover the period from 2000 to 2019 

shows an increase from 4 of the 10 in 2000. Being the 6th world’s biggest killer, 

trachea, bronchus and lung cancer death claimed 1.8 million lives, risen from 1.2 

million in 2000 (World Health Organization, 2020b). In Malaysia, statistics on cancer 

incidence shows that 14.8% of Malaysians are at risk of getting cancer and 9.1% risk 

of dying from cancer before 75 years of age for both sexes with lung and breast cancers 

as the most frequent cancer in males and females respectively (International Agency 

for Research on Cancer, 2020). This highlights the urgency of understanding cancer 

more in the prevention and managing these diseases. 

Breast cancer, the most common malignant disease among women (World 

Health Organization, 2020b), is a complex, biologically and molecularly 

heterogeneous disease that consists of tumour cells ranging from stem cell-like to more 

differentiated cells (Feng et al., 2018; Prabhakaran, Hassiotou, Blancafort, & 

Filgueira, 2013). Multiple studies on gene expression divided breast cancer into five 

intrinsic molecular subtypes; Luminal A, Luminal B, HER2-enriched, Triple Negative 

and Normal-like breast cancer (Feng et al., 2018; Prat et al., 2015). This classification 

is based on the expression of three primary receptors; estrogen receptor (ER), 

progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) 

which are usually become the main target of drug treatment. The Triple Negative 

Breast Cancer (TNBC) which accounts for approximately 20% of all breast cancer, is 

characterized by ER negative, PR negative and HER2 negative, making hormonal 
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therapy non-beneficial towards its treatment (Feng et al., 2018). TNBC tumors often 

grow rapidly and have a poor prognosis, with high invasiveness, high metastatic 

potential, high recurrence rate, virtually all relapse within five years and a short 

interval between recurrence and death (Hwang, Park, & Kwon, 2019; L. Yin, Duan, 

Bian, & Yu, 2020). Not only because of the heterogeneity of the disease but also due 

to the absence of well-defined molecular targets, leaving chemotherapy the only option 

in the therapeutic field (Hwang et al., 2019; L. Yin et al., 2020). TNBC more 

frequently affects younger patients and are more prevalent in African-American 

women especially among pre-menopausal individuals (Hwang et al., 2019; Keenan et 

al., 2015). Risk factors associated with the development of TNBC comprise early 

menarche, high waist-to-hip ratio, and a lack of breast feeding together with high parity 

(Feng et al., 2018).  

TNBCs are known to be enriched with functional cancer stem-like cells, 

exhibiting high migration patterns and expressing some specific breast cancer genes, 

making them the most invasive subtype among breast cancer subtypes (Palomeras, 

Ruiz-Martínez, & Puig, 2018; L. Yin et al., 2020). Generally, cancer stem cells (CSCs) 

are a sub-population within the tumor, also known as tumor initiation/propagating cells 

that possess self-renewal potential, tumor initiation capability, and tumor progression 

(Palomeras et al., 2018; J. Zhou et al., 2019). The existence of this CSC population 

with stem cell-like characteristics in TNBC tumors is a significant contributing factor 

for the development of resistance to treatment and cancer relapses, through their virtue 

of relative resistance to radiation, cytotoxic chemotherapy and molecular targeted 

therapy (S.-Y. Park, Choi, & Nam, 2019; J. Zhou et al., 2019). Therefore, patients with 

TNBC are often challenging to treat and result in lower survival rates than patients 

with other breast cancer types (Collignon, Lousberg, Schroeder, & Jerusalem, 2016; 

X. Li et al., 2017; Yeh et al., 2017). In recent years, the TNBCs have shown specific 

sensitivity towards cisplatin, the first metal-based anti-cancer drug (S. M. Al-Bahlani 

et al., 2017; Dasari & Tchounwou, 2014; Prabhakaran et al., 2013). 

Cisplatin is a metal-based anti-tumour drug that is found to be effective in the 

treatment of various cancers (S. M. Al-Bahlani et al., 2017; Dasari & Tchounwou, 

2014). It is a well-known cytotoxic drug that is claimed to be capable of interfering 
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with the DNA activity upon entering the nucleus of the cells and preventing the DNA 

repair process.  This event eventually leads to cell death (S. Al-Bahlani et al., 2017). 

Nevertheless, a previous study had shown that cisplatin may possess other mechanisms 

of action such as inducing differentiation of cancer cells apart from apoptosis 

(Prabhakaran et al., 2013). Although previous studies pointed out that cisplatin give 

rise to some side effects after initial treatment (Czarnomysy et al., 2017; Victoria et 

al., 2007), accumulated evidence showed that co-treatment of cisplatin with other 

potential anticancer drugs induces apoptosis or autophagy in various cancer cells (S. 

M. Al-Bahlani et al., 2017; Baharuddin et al., 2016; Czarnomysy et al., 2017; N. Yu, 

Xiong, & Wang, 2017).  Cisplatin is also very powerful in killing cancer cells with 

metastatic characteristic (S. Al-Bahlani et al., 2017). 

In contrast, Clinacanthus nutans (C. nutans) is a traditional herb that is claimed 

to be a potential chemoprevention alternative for cancer patients (Fazil, Azzimi, 

Yahaya, Kamalaldin, & Zubairi, 2016). A study reported that C. nutans are the most 

consumed herbs in complementary and alternative medicines (CAM) among newly 

diagnosed breast cancer patients in Malaysia (Zulkipli et al., 2018). C. nutans extracts 

contain various types of phytochemical compounds such as phenolic, fatty acids, 

flavonoids, glycosides, glycoglycerolipids, cerebrosides and 

monoacylmonogalatosylglycerol with useful biological capabilities (Abd Samat, 

Ahmad, Awang, Bakar, & Hakiman, 2020; Alam et al., 2016; Ghasemzadeh, Nasiri, 

Jaafar, Baghdadi, & Ahmad, 2014; Huang, Guo, Gao, Chen, & Olatunji, 2015; Teoh 

et al., 2017; K. N. Zakaria, Amid, & Jamal, 2017). Natural-derived phytochemical 

constituents in C. nutans extracts also found to exhibit cytotoxicity effects through the 

induction of apoptosis (Ng et al., 2017; Teoh et al., 2017; Y. Zakaria, Yee, & Nik 

Hassan, 2017) and antioxidant activity that could reduce the risk of getting cancers 

(Abd Samat et al., 2020; Ghasemzadeh et al., 2014; K. N. Zakaria et al., 2017).  Other 

than that, C. nutans is more preferred by the people in common as it is a natural herb 

that is relatively safe with lesser side effects than conventional drugs (Sarega et al., 

2016; Sulaiman et al., 2015). In this study, we demonstrated the potential anticancer 

effects and mechanism of action of cisplatin, C. nutans and combined cisplatin-C. 

nutans at the cellular level on MDA-MB-231 and MDA-MB 468 cells.  
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1.2 Problem Statement  

The triple negative breast cancer (TNBC) subtype is considered the most 

invasive form of breast cancer and is often difficult to treat as it is known to be enriched 

with cancer stem cells (CSCs) (O'Conor, Chen, González, Cao, & Peng, 2018; Park, 

Choi, & Nam, 2019). Triple negative is usually aggressive and more likely to resurface 

than another breast cancer subtype (Hwang, Park, & Kwon, 2019; L. Yin, Duan, Bian, 

& Yu, 2020). In TNBC, three main receptors, estrogen, progesterone, and HER2 

receptor, are absent, so it does not respond to hormonal therapy, making it difficult to 

treat (Feng et al., 2018). Cisplatin is the first metal based anticancer drug produced 

and has been used extensively to treat various difficult to treat cancers for the past 4 

decades (Al-Bahlani et al., 2017; Dasari & Tchounwou, 2014).   

While cisplatin might be effective in treating TNBC, cisplatin therapy's success 

is compromised due to dose-limiting toxicity, especially nephrotoxicity as well as 

resistance by tumor cells to cisplatin (Al-Bahlani et al., 2017; Dilruba & Kalayda, 

2016). Therefore, exploring and seeking a new efficient target for TNBC 

chemotherapy is needed. Combination therapy is one of the efforts to overcome these 

problems. Numerous studies on combination therapy of cisplatin with other agents on 

various cancer cells had shown promising results in enhancing anti-cancer efficacy of 

cisplatin and reducing its cisplatin dose, thus reducing its toxicity (H. Liu, Lee, Lee, 

Ahn, & Kim, 2019; Rodriguez et al., 2021; Sun, Zhang, Zheng, & Feng, 2019; Zhang 

& Lu, 2021). The widespread consumption of Clinacanthus nutans (C. nutans) on the 

other hand has being used as an alternative and complementary approach to cancer 

treatments with minimal cost and side effects in various cancer types, including breast 

cancer (Fazil, Azzimi, Yahaya, Kamalaldin, & Zubairi, 2016). Despite its popular 

consumption among breast cancer patients in Malaysia, to the best of our knowledge, 

there is no report on combination anticancer effect of combined cisplatin and C. nutans 

on TNBC. Therefore, this study is exploring the potential cytotoxic effect and 

mechanism of action in combination cisplatin and C. nutans treatment in treating 

TNBC. We hypothesized that C. nutans could enhance the anticancer effect of cisplatin 

treatment in TNBC.  
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1.3 Research Objectives 

To give insight into the mechanisms through which cisplatin-C. nutans 

affecting breast cancer cells in TNBC. Two types of TNBC cell lines, mainly the 

MDA-MB-468 and MDA-MB-231 will be tested in this study. Followings are the 

objectives for this study:  

(a) To evaluate the effects of combined cisplatin-C. nutans extract treatment on 

the cell viability and proliferation in TNBC cells via Cell Titer-Glo® 2.0 and 

CyQuant NF Proliferation Assays. 

(b) To determine the ability of combined cisplatin-C. nutans extract treatment to 

induce apoptosis in TNBC cells using the Caspase 3/7 Glo Assay.  

(c) To elucidate the effects of combined cisplatin-C. nutans extract treatment on 

the cell invasion activity in TNBC cells via the Cultrex® BME Cell Invasion 

Assay. 

(d) To analyze the effects of combined cisplatin-C. nutans extract treatment on the 

protein expression of CD49f and CK18 in TNBC cells via flow cytometry 

analysis. 

 

1.4 Scope of Study 

The goal of this research is to study the effect of cisplatin, C. nutans and 

combined cisplatin-C. nutans treatment in TNBC cells representative by MDA-MB-

231 and MDA-MB-468 on cell viability and proliferation via Cell Titer-Glo® 2.0 and 

CyQuant NF Proliferation Assays respectively. The effect of these treatments was also 

tested on the ability to induce apoptosis in both cell lines using Caspase-Glo® 3/7. 

Besides, the ability to inhibit cancer cell invasion in MDA-MB-231 was investigated 

via Cultrex BME Cell Invasion assays. In addition, the protein expression of cancer 

stem cell (CCD49f) and differentiation markers (CK18) in MDA-MB-231 via flow 

cytometry analysis was also elucidated in this study. 
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1.5 Significant of Study 

Years of study have failed to demonstrate a single unifying alteration that is 

targetable in TNBC. Recently, treatment of breast cancer is selected according to the 

specific subtype, moving closer to the goal of ‘’tailor made therapy’’. Treatment 

strategies for breast cancer are no longer similar for different subtypes (Feng et al., 

2018; Jézéquel et al., 2019; Yagata, Kajiura, & Yamauchi, 2011). Besides, severe side 

effects and development of resistance in standard therapeutic chemotherapy becoming 

significant problems in the treatment of TNBC. Therefore, much effort has been 

devoted to developing a novel strategy to overcome these issues. In this study, we 

investigate the potential anticancer effect of cisplatin, C. nutans and combined 

cisplatin-C. nutans treatment in TNBC cells. This research provides insight into the 

mechanism of single cisplatin, C. nutans and combination treatment in TNBC, thus 

treating them in the future. 
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