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Breast cancer is a key disease affecting women’s health worldwide and it has many
important risk factors. Many of them are associated with the different molecular

characteristics that can create several obstacles for diagnosis and treatment. Based on



differentially prominent receptors of cell surfaces, MCF-7 (ER+, PRV’, HER2+), MDA-MB-468
and MDA-MB-231 (ER, PR, HER2; Triple negative) breast cancer cell lines was classified into
varied subtypes and mostly associated with poor recognition by molecular targeted-
therapeutic approaches, particularly triple negative cells. Previously, anticancer activity of
GM1 ((-)-frullanolide) and GM2 ((-)-7-0-hydroxyfrullanolide) from an extract of the plant
Grangea maderaspatana (L.) Poir. has been used on various types of cancer cell lines
including MCF-7 breast cancer cells as well. However, their cytotoxic effect is now a little
known as well as their inhibited mechanisms have not been determined against three types
of breast cancer cell lines. This study was aimed to examine cytotoxic effect and to
elucidate mechanisms of GM1 and GM2 toward MCF-7, MDA-MB-468 and MDA-MB-231 breast
cancer cell line. Here, we screened for the cytotoxic activity of compounds against three
subtypes of breast cancer cell lines: MCF-7, MDA-MB-468 and MDA-MB-231 by MTT assay.
Apoptotic cell pattern (Annexin V-FITC and PI staining) and DNA distribution in cell cycle (PI
staining) were investigated by flow cytometry between untreated and treated cells.
Furthermore, to identify related-proteins in mechanism cytotoxic inhibition, using proteomic
techniques: (1D-PAGE, LC-MS/MS, bioinformatics) and western blotting were used to identify
and verify altered protein expressions, compared between treated cells and control. The
MTT assay revealed that the GM1 (ICyy = 5-10 pg/ml) and GM2 (ICsy < 5 pg/ml) had
moderately and highly active respective cytotoxicity against MCF-7, MDA-MB-468 and MDA-
MB-231 breast cancer cell lines. The ICs, values greater than 10 pg/ml were represented as
weak cytotoxicity toward two normal cell lines (MCF-12A and L-929), excluded moderately
activity of GM2 against MCF-12A. Also, selectivity index (SI) values were here showed to
predict safety of the compounds against normal cell lines. The results found that GM1
possessed innocuousness less than GM2 with SI values > 5 and 5-10, respectively.
Furthermore, GM1 and GM2 induced cell death via apoptosis in all treated-breast cancer
cells in term of dosage dependence. In addition to GM1 and GM2 arrest cell cycle at G,/M
checkpoint in treated-MDA-MB-468 cells in dose-dependent manner, and GM2 merely halted
cell transition of G,/M stage in treated-MCF-7 cells in dose dependent manner. Moreover,
Bax, p21 and p53 protein expressions of GM1 and GM2 obtained from western blotting in all
treated-cells could be divided into 3 groups, depending on breast cancer cell types. First, in
treated-MCF-7 cells, GM1 stimulates p21 expression at 12 h and increases Bax protein after
12 h, and increasing of Bax protein at 12-48 h and a concomitant gradual decrease of p21

alteration by GM2 treatment. In contrary to p53 expression did not detectable by the



compounds treatment in this duration. In treated-MDA-MB-231 cells were then showed that
GM1 activates only p21 expression at 12 h as well as GM2 treatment. Finally, detected
protein expressions in GM1-treated MDA-MB-468 cells were increased p21 protein at proper
12 h and gradually increased p53 protein at 12-24 h. Nevertheless, GM2 treatment toward
MDA-MB-468 cells not only western blotting was performed, but also proteomic analysis.
Notably, nucling protein was up-regulated expression at GM2-half-ICs, concentration about
5.47 fold difference, compared to control, and this protein may mediate apoptosis by
accumulation of Bax expression and active caspase-cascades proteins (Caspase 7, 8 and 9) as
well as reduction of pro-survival protein (Bcl-2) expressions as shown in western blotting
results. Accordingly, result revealed from western blotting that GM2 triggers p21 protein
expression at 12-48 h in treated-MDA-MB-468 cells as well. In conclusion, we have shown
that GM1 and GM2 compounds possessed specifically board anticancer property and mostly
exhibited selective activity toward normal cells. In addition to, GM1 may trigger p53-
independent cellular apoptosis in treated-MDA-MB-468 and MDA-MB-231 cell lines and p53-
dependent apoptosis in treated-MCF-7 cell line. GM1 also may arrest cell cycle at G,/M
checkpoint by p21 protein controlling in treated-MDA-MB-468 cells. Moreover, GM2 induce
apoptosis via Bax and p53 stimulation in treated-MCF-7 cell line. The feasibility of inhibited
mechanisms of GM2-treated-MDA-MB-468 cell line proposed by halting cell progression at
Gy/M stage through p21 regulation, and induction of cell apoptosis may mediated through
crucial nucling protein by activation of caspase cascades proteins and suppression of pro-

survival proteins.

5. Executive Summary
Introduction

The trend for breast cancer mortality in women has been progressively increasing
worldwide, and it now accounts for 29.7% of total cancer-related deaths [1, 2]. Breast cancer
is a heterogeneous disease at both the molecular and clinical levels and can be divided into
six subtypes by different gene mutations during luminal and basal progenitor cell
progression, thus causing an obstacle to breast cancer diagnosis and therapy [3, 4]. The MDA-
MB-468 cell line, the basal-like subtype of breast cancer, is widely used as the in vitro
model for cancer research because of its prominent characteristics, referred to as triple

negative or ER, PR, HER2, and its low response to targeted cancer therapies [5-7]. Several



