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Triple-negative breast cancers (TNBC) represent the most aggressive form of
breast cancers and their treatments are challenging due to the tumour
heterogeneity and chemo-resistance which have been the major obstacle.
Chemotherapy using synthesized drugs is commonly used to treat breast
cancer. However, this kind of treatment may cause negative side effects to the
patients. Recently, eupatorin had been reported to be a potent candidate to
inhibit breast cancer cells proliferation. Eupatorin is a product that belongs to
a flavonoid family. However, the detailed information on the efficacy and
mechanisms of eupatorin as an anti-breast cancer agent /n vitro and in vivois
very limited. In this study, the cytotoxic effect, anti-proliferative action, cell
cycle arrest and apoptosis induction of eupatorin on the human breast
carcinoma cell lines of MDA-MB-231 (estrogen-receptor negative), MCF-7
(estrogen-receptor positive) and on a cell line derived from normal mammary
tissue, MCF-10a were studied. In addition, the /n vivo antitumour effect of
eupatorin was tested on the Balb/c mice challenged with 4T1 murine
mammary cancer cells. MTT assay showed that eupatorin and tamoxifen
(positive control) had cytotoxicity effects against the cancerous cell lines of
MCF-7, MDA-MB-231 and 4T1 cells. At 48 hours, eupatorin at 14.52 uM
inhibited cell proliferation of MCF-7 and MDA-MB-231 by 50%. However, the
ICso of tamoxifen at 48 hours to inhibit MCF-7 and MDA-MB-231 cells
proliferation was 5.23 pM and 7.22 uM, respectively. In contrast, the ICsg value
of eupatorin at 48 hours for MCF-10a was significantly (p<0.05) high with
58.09 uM. Through scratch assay, eupatorin (14.52 pM) prohibited the
complete closure of scratched area in MDA-MB-231 cells after 24 hours
incubation. In addition, Boyden chamber assay revealed that eupatorin at



14.52 uM inhibited the aggressiveness of MDA-MB-231 cells where less than
40% of the cells were migrating and invading the membrane in the Boyden
chamber. Moreover, ex vivo model using aortic ring from Balb/c mouse
suggested that eupatorin can act as anti-angiogeneic due to the inhibition of
aortic sprouting activation in mouse aortic rings assay. In cell cycle analysis
using MCF-7 and MDA-MB-231 cells, eupatorin enhanced the accumulation of
cells in sub GB/G1. At 48 hours, the number of MCF-7 and MDA-MB-231 cells
accumulated in sub G6/G1 was 27.52 £+ 2.06% and 42.75 * 4.67%
respectively. Concurrently, the percentage of early apoptotic of respective
MCF-7 and MDA-MB-231 cells were 28.38 + 0.24% and 64.04 £ 0.66%. In
addition, the population of late apoptotic cells of MCF-7 and MDA-MB-231 were
40.26 £ 0.33% and 18.27 + 0.57%, respectively. In contrast, more than 95%
of the untreated cells for both cell types were distributed in GB/G1 phase at
48 hours. In gene expression assay, eupatorin up-regulated the pro-apoptotic
genes such as Bakl, Bax, cytochrome ¢, SMAC/Diablo and HIF1A in both cell
lines and concurrently down-regulated the anti-apoptotic genes such as VEGFA
and Bcl2L11. Furthermore, Western Blot analysis revealed that eupatorin could
inhibit cells proliferation in MDA-MB-231 and MCF-7 cells through depletion of
Cdc2 and Chk1 protein level respectively followed by the activation of Chk2
protein which lead to the Akt and MAPK signalling pathway blockage.
Moreover, caspases activation confirmed that eupatorin initiated apoptosis via
intrinsic pathway in MCF-7 and MDA-MB-231 cells due to high fold change
number of activated caspase 9 compared to caspase 8. In vivo study showed
that eupatorin at the dosage of 20 mg/kg was sufficient to delay the tumour
development. Histologic assessment revealed that eupatorin (20 mg/kg) has
significantly (p<0.05) enhanced the number of apoptotic cells in tumour.
Additionally, clonogenic assay showed that eupatorin (20 mg/kg) has potently
reduced the number of invaded 4T1 cells in lung where 30.70 x 103 + 10.89
blue colonies were detected whereas the untreated lung possessed 400.00 x
103 + 28.28 blue colonies. Besides, eupatorin (20 mg/kg) also has significantly
(p<0.05) increased the NK cells and T-cell responses to 4T1 tumour cells in
splenocytes assay. In immunophenotyping assessment, eupatorin (20 mg/kg)
enhanced the stimulation of NK1.1*CD3 and CD8* expression by 4.75 £0.37%
and 8.83 £0.36% respectively when compared to the untreated (NK1.1*CD3
:3.57% +£ 0.13; CD8* :4.30%=0.07). Cytokine assay revealed that IL-1p was
significantly (p<0.05) suppressed to 812.00 £ 57.50 pg/mL while the IFN-y
was enhanced to 1407.41 £ 25.66 pg/mL compared to the untreated (IL-1B
:1045.33 £ 257.98 pg/mL; IFN-y :1185.19 + 187.86 pg/mL). Western blot
analysis showed that eupatorin (20 mg/kg) could delay the tumour
progression, invasion and migration through MAPK pathway blocking.
Additionally, gene expression assay revealed that eupatorin (20 mg/kg)
inhibited the regulation of gene MMP9, TNFa, and IL-1 expression sufficiently.



Taken together, eupatorin is a potent candidate as anti-breast cancer agent
that has anti-proliferative and anti-metastasis activities on breast cancer cells
which should be examined further in clinical study.
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Kanser payudara ganda tiga-negatif (TNBC) telah dikenalpasti sebagai kanser
payudara yang paling agresif serta kaedah rawatannya yang sangat mencabar
berikutan kepelbagaian jenis tumor dan kimo-rintangan yang menjadi
penghalang utama kepada keberkesanan rawatan. Kimoterapi menggunakan
ubat sintesis lazim digunakan untuk merawat kanser payudara. Namun begitu,
kaedah rawatan ini memberikan kesan negatif kepada pesakit. Baru-baru ini,
eupatorin dilaporkan berpotensi menghalang pembiakan sel-sel kanser
payudara. Eupatorin adalah produk dari kumpulan flavonoid. Walau
bagaimanapun, maklumat lengkap keberkesanan dan kebolehan eupatorin
menyirat sebagai agen anti-kanser payudara secara /n vitro dan /n vivo adalah
sangat terhad. Dalam kajian ini, kesan sitotoksik, tindakan anti-proliferatif,
rencatan kitaran sel dan rangsangan apoptosis oleh eupatorin terhadap sel-sel
kanser karsinoma payudara seperti MDA-MB-231 (penerima estrogen negatif)
dan MCF-7 (penerima estrogen positif) serta sel normal daripada tisu payudara
iaitu MCF-10a telah dikaji. Tambahan lagi, kesan /in vivo eupatorin sebagai
anti-tumor juga diuji menggunakan tikus-tikus Balb/c yang disuntik dengan
sel-sel kanser kelenjar mamma tikus 4T1. Asai MTT menunjukkan bahawa
eupatorin dan tamoxifen (kawalan positif) mempunyai kesan sitotoksik
terhadap sel-sel kanser MCF-7, MDA-MB-231 dan 4T1. Pada 48 jam, eupatorin
pada kepekatan 14.52 uM telah merencat 50% pembiakan sel-sel MCF-7 dan
MDA-MB-231. Walau bagaimanapun, nilai ICsp tamoxifen pada 48 jam untuk
merencat pembiakan sel-sel MCF-7 dan MDA-MB-231 masing-masing adalah
5.23 UM dan 7.22 pM. Sebaliknya, nilai ICso eupatorin pada 48 jam terhadap
sel MCF-10a adalah signifikan (p<0.05) tinggi iaitu 58.09 pM. Melaui asai
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gores, eupatorin (14.52 uM) telah menghalang penutupan lengkap kawasan
gores pada sel-sel MDA-MB-231 selepas 24 jam inkubasi. Tambahan lagi, asai
Boyden chamber menunjukkan eupatorin pada kepekatan 14.52 uM telah
merencatkan kemasukan sel-sel kanser payudara (MDA-MB-231) secara
agresif di mana kurang dari 40% sel-sel yang telah merentasi membran pada
Boyden chamber. Seterusnya, model ex vivo menggunakan cincin aorta dari
tikus Balb/c mencadangkan bahawa eupatorin mampu bertindak sebagai anti-
angiogenik berikutan perencatan pertumbuhan aorta dalam asai cincin aorta
tikus. Dalam analisis kitaran sel-sel MCF-7 dan MDA-MB-231, eupatorin telah
meningkatkan taburan sel-sel di dalam sub GB/G1. Pada 48 jam, bilangan sel-
sel MCF-7 dan MDA-MB-231 di dalam sub GB/Gl masing-masing adalah
sebanyak 27.52 + 2.06% dan 42.75 + 4.67%. Sementara itu, peratusan sel-
sel MCF-7 dan MDA-MB-231 pada awal apoptosis masing-masing adalah 28.38
+ 0.24% and 64.04 £ 0.66%. Tambahan lagi, populasi sel-sel MCF-7 dan
MDA-MB-231 pada akhir apoptosis masing-masing adalah 40.26 + 0.33% dan
18.27 + 0.57%. Sebaliknya, lebih 95% sel bagi kedua-dua jenis sel yang tidak
dirawat berada pada GB/G1 pada 48 jam. Melaui asai ekspresi gen, eupatorin
meningkatkan regulasi gen pro-apoptotik seperti Bakl ,Bax, cytochrom c,
SMAC/Diablo dan HIF1A di kedua-dua jenis sel serta menghalang regulasi gen
anti-apoptotik seperti VEGFA dan Bcl2L11. Selain itu, analisis sap western
mendedahkan bahawa eupatorin mampu menghalang pembiakan sel-sel MCF-
7 dan MDA-MB-231 dengan mengurangkan kandungan protein Cdc2 dan Chk1
seterusnya mengaktifkan protein Chk2 yang mengakibatkan terhalangnya
isyarat tapak jalan Akt dan MAPK. Tambahan lagi, pengaktifan kaspase
mengesahkan eupatorin memulakan apoptosis melaui tapak jalan intrinsik di
dalam sel-sel MCF-7 dan MDA-MB-231 berikutan kadar pengaktifan kaspase 9
yang lebih tinggi dari kaspase 8. Kajian /n vivo menunjukkan eupatorin pada
dos 20 mg/kg mampu merencatkan pembiakan tumor. Penilaian histologi
menunjukkan peningkatan signifikan (p<0.05) sel-sel apoptosis di dalam
tumor oleh eupatorin (20 mg/kg). Tambahan lagi, asai klonogenik
menunjukkan eupatorin (20 mg/kg) berpotensi mengurangkan bilangan sel-
sel 4T1 yang merebak ke paru-paru di mana 30.70 x 103 + 10.89 koloni biru
telah dikesan sementara paru-paru yang tidak dirawat mempunyai 400.00 x
103 + 28.28 koloni biru. Disamping itu, eupatorin (20 mg/kg) juga
meningkatkan tindak balas sel-sel NK dan T terhadap sel-sel 4T1 secara
signifikan (p<0.05) di dalam asai splenocytes. Melalui penilaian fenotipimun,
eupatorin (20 mg/kg) meningkatkan stimulasi ekspresi NK1.1*CD3 dan CD8*
dengan peratusan masing-masing sebanyak 4.75 %+ 0.37% dan 8.83 £ 0.36%
berbanding yang tidak dirawat (NK1.1*CD3 :3.57% + 0.13; CD8* :4.30% =+
0.07). Asai sitokin juga menunjukkan pengurangan signifikan (p<0.05) IL-1
kepada 812.00 £ 57.50 pg/mL dan peningkatan IFN-y kepada 1407.41 %
25.66 pg/mL yang tidak dirawat (IL-1B :1045.33 + 257.98 pg/mL; IFN-y
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:1185.19 + 187.86 pg/mL). Analisis sap Western menunjukkan eupatorin (20
mg/kg) merencatkan pembiakan tumor, menghalang rebakan sel-sel tumor
dengan menyekat tapak jalan MAPK. Seterusnya, ujian ekspresi gen
mendedahkan eupatorin (20 mg/kg) menghalang regulasi gen MMP9, TNFa
dan IL-1B dengan cekap. Berdasarkan hasil kajian, eupatorin adalah calon
yang berpotensi tinggi sebagai agen anti-kanser payudara yang mempunyai
sifat anti-pembiakan dan anti-metastasis terhadap sel-sel kanser payudara
yang seharusnya dikaji dengan lebih lanjut dan terperinci secara klinikal.
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CHAPTER 1

INTRODUCTION

Cancer is a genetic disease, caused by changes of genes that control the cells
growth and division. There are several types of cancer such as carcinoma,
sarcoma, leukaemia, lymphoma, melanoma etc. (National Cancer Institute,
2015). Today, breast cancer is the second most common causes of cancer-
related death in women worldwide, where delay diagnosis, rising incidence
and high mortality rates make it essential to understand breast cancer literacy
in women (Gupta et al., 2015).

Most patients are diagnosed with hormone-positive breast cancer
(Steponaviciene et al., 2011) which can be classified into three subtypes based
on the expression of the following hormone receptors: estrogen receptor (ER),
progesterone receptor (PR), and cell surface receptor of human epidermal
growth receptor 2 (HER2). However, breast cancer that do not express HER2,
ER, and PR hormone is known as triple negative breast cancer (TNBC).

TNBC is more aggressive, difficult to treat and more likely to spread in
diagnosed patients (National Breast Cancer Foundation, 2015). Women with
TNBC have poor prognosis with few treatment options and therefore, new
therapeutic agents for this aggressive tumour are critically needed (LaPorta &
Welsh, 2014).

Unsuccessful TNBC treatment or late detection may lead to metastatic breast
cancer, which is also known as advanced breast cancer or stage IV breast
cancer. Metastatic TNBC may occur through lymphatic system or blood vessels
which the aggressive breast cancer cells spread beyond breast to other organs
such as brain, lung and liver to form secondary tumour through angiogenesis.
Although metastatic breast cancer has invade to another part of body, it is still
considered as breast cancer and treated with breast cancer drugs (Chang et
al., 2014).

Previous studies have shown that matrix metalloproteinase-9 (MMP9) is
involved in tumour metastasis and their elevated expression often lead to poor
prognosis (Dodd et al., 2011; Kuei et al., 2012). In addition, high regulation
of important angiogenic factor such asvascular endothelial growth factor A
(VEGFA) also enhanced the tubular network formation (Karroum et al., 2012).
Many studies repoted that the mitogen activated protein kinases (MAPKs) and
protein kinase B (Akt) are commonly involved in promoting cancer cells
invasion metastasis by activating the expression of MMP9 (Chun & Kim, 2013;



Chung et al., 2011; Dodd et al., 2011). MMP9 regulate the expression of VEGF
to initiate angiogenesis (Tang et al., 2013). Hence, by inhibiting the signalling
pathway of MAPK and Akt, expression of MMP9 and VEGF could be deactivated
which lead to the inhibition of angiogenesis and metastasis.

Today, chemotherapy using synthesized drugs such as doxorubicin, cisplatin
and epirubicin remains the only possible therapeutic option in the adjuvant
setting in case of such cancers (Steponaviciene et al., 2011). In chemotherapy
practice, the key success of the treatment is through induction of apoptosis
and anti-metastatic event on cancer cells (Ferreira et al., 2014; Yixiang et al.,
2012; Kuei et al., 2011). However, this kind of treatment may cause negative
side effects to the patients such as low white blood cells count, hair loss,
vomiting, and loss of weigh (McCarty, 2005; Rooijen et al., 2015; Vriens et al.,
2013). Furthermore, although single pure chemical compounds can be very
potent therapeutic agents, adverse side effects often lead to poor compliance,
limited applications, and potential withdrawal from the market (Gosslau et al.,
2011).

Besides the synthetic drugs, natural products such as flavonoids are also well
known to have chemotherapeutics properties in treating cancer. Flavonoids
may prevent cancer incidence and delay tumour development (Ledesma,
2011; Slattery et al., 2014). Additionally, it also help to reduce some negative
side effects of synthesized compounds by reducing the cytotoxic effect and
suppressing inflammation to patients (Gosslau et al., 2011).

Numerous researchers found that, flavonoids were capable to inhibit cancer
cell proliferation and delay tumour progression (Androutsopoulos & Tsatsakis,
2013; Park et al., 2009) via supressing the metastasis, angiogenesis (Park et
al., 2009) and by regulating many apoptosis related signalling pathways such
as P13K/Akt/PTEN (Kim et al., 2014; Wrdbel & Gregoraszczuk, 2015).
Therefore, consuming natural products containing flavonoids may help
patients with aggressive breast cancer to fight the disease.

Eupatorin (3’,5-dihydroxy-4’,6,7-trimethoxyflavone) is one of the potent
candidate as anti-breast cancer agents (Androutsopoulos et al., 2008; Salmela
et al., 2012). This bioactive compound belongs to flavonoid group and can be
found in local herbs such as the leaves of Misai Kucing (Orthosiphon
stamineus) (Yam et al., 2012). Previous research reported that eupatorin
potently suppressed proliferation and induced apoptosis in multiple cancer cell
lines such as HelLa cells and breast cancer cells (Salmela et al.,, 2012;
Doleckova et al., 2012). However, the detail efficacy and mechanisms of
eupatorin as anti-breast cancer agent /n vitro and in vivo are very limited.



In vitro study, MCF-7 and MDA-MB-231 cells are widely used to study breast
cancer disease. The MCF-7 cells is a human breast cancer cell line express
estrogen-positive alpha receptor (ERa+). In breast cancer disease,
approximately 70% patients highly express the ERa+ and therefore, the ERa+
has been proven to be one of the most important therapeutic targets in breast
cancer over the last 30 years (Zheng et al., 2015). In contrast, MDA-MB-231
cell is triple-negative breast cancer cell line that represent estrogen receptor
negative (ER-) (Hernandez-Bedolla et al., 2014). This type of cell line is highly
invasive and metastasize and therefore it is extensively used in breast cancer
research (Hernandez-Bedolla et al., 2014). Thus, this study was aimed to
evaluate the cytotoxic effect and the mechanisms of eupatorin on MCF-7 and
MDA-MB-231 breast cancer cell lines /in vitro. In addition, the /n vivo antitumor
effect of eupatorin was tested on the murine mammary carcinoma 4T1
challenged Balb/c mice. The 4T1 cell is one of the most aggressive metastatic
cancer cell lines that closely resemble the aggressive triple-negative breast
cancer disease (Gao et al., 2011).

The hypotheses formulated in this study are as follows:

1. Eupatorin could show cytotoxic effects on MCF-7 and MDA-MB-231 cells
by inhibiting the proliferation and induce apoptosis of cancer cell lines.
Also, eupatorin could inhibit the angiogenesis and metastatic activity of
breast cancer cells /in vitro.

2. Eupatorin could enhance the pro-apoptotic genes regulation and
concurrently reduced the activity of pro-survival and anti-apoptotic
genes of cancer cells. Furthermore, eupatorin could also blocked the
regulation of genes expression such as MMP9 and VEGFA which related
to angiogenesis and thus prevented the cancer metastases.

3. Eupatorin could delay the tumour progression in 4T1-induced Balb/c
mice by suppressing 4T1 cells proliferation and metastasis. Moreover,
eupatorin at sufficient dosage could also enhanced the immune system
of tumour mice by regulating T cells and natural killer (NK) cells
activities that initiate antitumor cytokines production including
interferon gamma (IFN-Y") and interleukin-1 beta (IL-1B).

The objectives of the study were:

1. To determine the /n vitro cytotoxicity, anti-angiogenesis and anti-
metastatic effects of eupatorin in MCF-7 and MDA-MB-231 cells.

2. To evaluate the differential regulation of target proteins and genes
expression involve in metastases, angiogenesis and apoptosis of MCF-
7 and MDA-MB-231 cells treated with eupatorin.

3. To determine the /in vivo anti-tumour potential of eupatorin in Balb/c
mice challenged with 4T1 cells.
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