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CHAPTER |
INTRODUCTION

1.1 Background and rationale

Lung cancer is the leading cause of cancer deaths worldwide (1). In 2018, the
International Agency for Research on Cancer (IARC) has reported that lung cancer is the
most common cancer and the leading cause of death (2). The National Cancer Institute
of Thailand (NCI) reported that in 2017, lung cancer has been the fourth most commonly
diagnosed cancer in Thais after breast cancer, liver cancer, and colorectal cancer,
respectively (3). Non-small cell lung cancer (NSCLC) is the most common form of lung
cancer, accounting for approximately 80% of all cases. Treatment options for lung cancer
include surgery, radiotherapy, chemotherapy, and targeted therapy (4). Chemotherapy is
the most common treatment options for patients with advanced stage NSCLC. The
chemotherapeutic drugs most often used for lung cancer are cisplatin, carboplatin and
paclitaxel (5). Although chemotherapeutic agents have been commonly used to treat lung
cancer patients, serious side effects often limit their clinical application. Mutations of
epidermal growth factor receptor (EGFR) have been implicated in the pathogenesis of
several cancers (6) and NSCLC patients with exon 19 deletion and exon 21 L858R
substitution mutations can be effectively treated with first- and second-small molecule
generation tyrosine kinase inhibitors (TKIs) such as gefitinib and afatinib (7-9). However,
the use of EGFR TKils are limited by the mechanisms of tumor resistance, such as the
gatekeeper EGFR-T790M mutation, and bypass activation of signaling cascades (10).
Given the fact that chemotherapeutic agents cause many serious side effects and NSCLC
cells rapidly acquire resistance to EGFR TKiIs; therefore, new compounds with high
anticancer activity and low toxicity are critically needed.

Reactive oxygen species (ROS), such as superoxide anion (O, ), hydrogen
peroxide (H,0,), and hydroxyl radical (HO'), are essential for various biological processes

in normal and cancer cells (11). It is commonly known that increase in ROS level are



detected in cancer cells compared to normal cells due to high metabolic rate and
mitochondrial dysfunction. However, excess cellular levels of ROS cause damage to
proteins, nucleic acids, lipid membranes and organelles, leading to apoptotic cell death
(7, 8). In fact, some commonly used chemotherapeutic drugs such as cisplatin,
carboplatin, oxaliplatin and doxorubicin generate ROS in cancer cells (12). Therefore,
inducing ROS production is a very promising therapeutic strategy for cancer treatment.

Mansonones are naphthoquinone-containing compounds extracted from the
heartwood of Mansonia gagei (13). Several studies have reported that mansonones have
various pharmacological activities such as antibacterial, antifungal, antioxidant,
antiestrogenic, antiadipogenic and antitumor effects (14-17). A previous study
demonstrated that mansonones E and F, isolated from the dried root bark of Ulmus
pumila, exhibited anticancer activity against several types of cancer such as melanoma
(A375-S2), cervical cancer (Hela), breast cancer (MCF-7) and lymphoma (U937) cells
(18). Similarly, mansonone E, isolated from Thespesia populnea, was found to significantly
inhibit the growth of four cancer cell lines, including breast cancer (MCF-7), cervical
cancer (Hela), colon cancer (HT-29), and oral cavity cancer (KB). Moreover, it was shown
that mansonone E induced apoptosis in Hela cells by inducing oligonucleosomal
fragmentation, activating caspase-3, downregulating expression of anti-apoptotic
proteins, Bcl-X and Bcl-2 and upregulating expression of a proapoptotic protein, BAX
(19).

Previously, Hairani et al. demonstrated that mansonone G (MG), a major
compound isolated from Mansonia gagei Drumm, exhibited a good antibacterial activity.
It however should be noted that ether analogues of MG, had higher antibacterial activity
than the parent MG (13). In addition to antibacterial activity, a recent study has shown that
the ether analogues of MG displayed higher antiadipogenic activity than the parent MG
(20). Since the anticancer activities of MG and ethoxy MG (EMG) on lung cancer cells

have never been investigated, the present study aimed to determine cytotoxic activities
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of MG and EMG and the underlying mechanism(s) in two non-small cell lung cancer cell

lines, EGFR wild-type A549 cells and EGFR mutant H1975 cells.

1.2 Objectives

To study the cytotoxic activities of mansonone G and ethoxy mansonone G in
non-small cell lung cancer cells.

To investigate mechanisms underlying cytotoxicity of mansonone G or ethoxy
mansonone G in non-small cell lung cancer cells

1.3 Hypothesis

Ethoxy mansonone G exhibits higher cytotoxic activity than mansonone G in
non-small cell lung cancer cells.
Cytotoxicity of ethoxy mansonone G is mediated through production of ROS and

induction of cell cycle arrest and apoptosis in non-small cell lung cancer cells.
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1.4 Conceptual framework

4[ Mansonone G & Ethoxy mansonone G ]7

[ A549 (Wild-type EGFR) J [ H1975 (Mutant EGFR) ]

l

Best compound

High toxicity acainst cancer cells and low toxicity toward normal cells

v \4 v l
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7

Pro-apoptosis: BAK, BAX T] -1 MAPK/ERK pathway l]

.

Vs

Anti-apoptosis: Bcl-2, BCL—XLl (
| | PI3K/AKT pathway l

.
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CHAPTER I
LITERATURE REVIEWS

2.1 Lung cancer

Lung cancer is one of the most common human cancers and represents the leading
cause of cancer mortality worldwide for both men and women. The American Cancer
Society estimates that in 2019, approximately 228,150 new cases of lung cancer will be
diagnosed (116,440 in men and 111,710 in women) and there will be an estimated
142,670 deaths from lung cancer (76,650 in men and 66,020 among women), accounting
for about 23% of all cancer deaths in the United States (21). The National Cancer Institute
of Thailand reported that in 2017, lung cancer has been the fourth most commonly
diagnosed cancer in Thais after breast cancer, liver cancer, and colorectal cancer,

respectively (3).
2.1.1 Types of lung cancer
Lung cancer can be mainly divided into 2 types including small cell lung cancer

(SCLC) and non-small cell lung cancer (NSCLC).

i)  SCLC accounts for 10%-15% of lung cancers. This type of lung cancer is the
most aggressive form of lung cancer. SCLC grows and metastasizes rapidly to many sites
within the body and is often diagnosed after cancer cells have extensively spread to other
organs. SCLC is strongly related to cigarette smoking.

i) NSCLC is the most common type of lung cancer, accounting for about 80%
of all lung cancer. It usually grows and spreads more slowly than SCLC. NSCLC can be
divided into several main types that are named based upon the type of cells found in the
tumor.

(1) Adenocarcinoma, which accounts for about 40%, is the most common
type of NSCLC and usually starts in cells that would normally secrete substances such as

mucus. It is commonly found in the outer or peripheral areas of the lungs.
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(2) Squamous cell carcinoma, which accounts for about 25-30%, generally
starts in squamous cells, which are flat cells that line inside the airways of the lungs

(3) Large cell carcinoma accounts for about 10%-15%. It tends to grow and
spread quickly, making it harder to treat.

(4) Other subtypes such as adenosquamous carcinoma and sarcomatoid

carcinoma, are much less common (4).

2.1.2 Risk factors of lung cancer
® Smoking is by far the leading risk factor of lung cancer. It is shown that about

80% of lung cancer deaths results from smoking. The risk for lung cancer among smokers
is many times higher than among non-smokers. Moreover, lung cancer is caused by

exposure to secondhand smoke.

® Personal or family history of lung cancer People with a parent, sibling or
child with lung cancer have an increased risk of this disease.

® Exposure to other cancer-causing agents in the workplace or environment
For example, asbestos, radon, arsenic, uranium, beryllium, vinyl chloride, nickel
chromates, coal products, mustard gas, chloromethyl ethers, gasoline, diesel exhaust,

and some forms of silica and chromium can increase the risk of developing lung cancer

® People with a history of lung disease Chronic obstructive pulmonary disease
(COPD), asthma, pneumonia and tuberculosis (TB) can be risk factors for developing

lung cancer (22, 23).

2.1.3 Treatment of lung cancer

There are many treatment options for lung cancer, depending on the type of lung
cancer and stage of the disease. Patients with SCLC are usually treated with
chemotherapy and radiation therapy while patients with NSCLC can be treated with
surgery, chemotherapy, radiation therapy, targeted therapy, or a combination of these
treatments (24). Surgery is the most common therapeutic option for the early stage of
NSCLC but rarely used as part of the main treatment of SCLC. Radiation therapy may be

given as adjuvant therapy in combination with surgery or chemotherapy to kill any
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remaining cancer cells in order to prolong survival (25). Chemotherapy is the most
common treatment options for SCLC and NSCLC patients with advanced stage. The
chemotherapeutic drugs most often used for lung cancer are cisplatin, carboplatin and
paclitaxel (5, 26).

Cisplatin and carboplatin are two of the most common types of platinum-based
chemotherapeutic agents. Mechanism of action of platinum compounds is binding
covalently to the N’ position of guanine on DNA to form intra-strand and inter-strand DNA
crosslinks which cause an unwinding and bending of the DNA, resulting in single- or
double-strand DNA breaks, inhibiting DNA replication and transcription (27, 28). Common
side effects of platinum compounds include hair loss, mouth sores, nausea, vomiting,
fatigue, anemia, bleeding and infection. The main side effects of cisplatin and carboplatin
are nephrotoxicity and myelosuppression, respectively (29-31).

Paclitaxel (taxol), a microtubule-stabilizing drug in the taxane class of
chemotherapeutic agents, is used for various types of cancers. Taxol strongly binds to
the N-terminal region of the B-subunit of tubulin and promotes the formation of highly
stable microtubules, preventing depolymerization, thus inhibiting cell division and
arresting the cell cycle at the G,/M phase. The main side effects of this drug are
arthralgia/myalgia, cardiovascular effects and hypersensitivity reactions (32, 33).

Unfortunately, chemotherapeutic drugs can also affect normal cells, resulting in
unwanted side effects. This has led to the development of targeted cancer therapy. The
drugs generally target proteins that found more specifically in cancer cells than normal
cells. Several targeted agents have been approved for treatment of lung cancer such as
bevacizumab (Avastin®) and erlotinib (Tarceva®)

Bevacizumab, a monoclonal antibody, specifically binds to circulating vascular
endothelial growth factor (VEGF)-A to prevent interaction with VEGF receptors (VEGFRs)
on the surface of endothelial cells and thereby inhibiting the process of angiogenesis (34,
35). The common side effects of bevacizumab include proteinuria, hypertension, and
hemorrhagic events. In addition, bevacizumab can cause serious side effects include

gastrointestinal perforation, fistula formation, serious bleeding, arterial thromboembolic
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events, nephrotic syndrome, hypertensive crisis, or hypertensive encephalopathy (35,
36).

Erlotinib is a small molecule that binds to the adenosine triphosphate (ATP) binding
site of the epidermal growth factor receptors (EGFRs), inhibiting downstream signaling
pathways (37, 38). The common side effects of erlotinib are rush, diarrhea and fatigue.
Moreover, this drug can cause serious side effects, including severe rash, severe

paronychia, interstitial pneumonia, myocardial ischemia and acute hepatitis (39, 40).

2.2 Cell cycle

Cell cycle is a process involved in the growth and proliferation of cells. The
eukaryotic cell cycle is divided into four stages, including G, (gap 1), S (synthesis), G,
(gap 2), and M (mitosis). In the first G, phase, the cell is preparing for DNA replication. S
phase is the phase of the cell cycle in which DNA is replicated. The G, phase is the second
gap phase which proteins are synthesized in preparation for mitosis while the M phase is
the phase involves chromosome segregation and cell division (41-43). The cell can stop
cycling after division and enters a state of quiescence (G0). The cell can remain in this
phase for a long time until it is stimulated by appropriate stimuli such as growth factors
(44).

The cell cycle is regulated by two protein families: the cyclins and the cyclin-
dependent protein kinases (CDKs). CDK activity depends on the presence of activating
cyclin subunit which are synthesized and degraded in a cell cycle. Cyclin D/CDK4 or
cyclin D/CDK6 complexes initiate phosphorylation of retinoblastoma (Rb) protein,
resulting in release of E2F transcription factors, enabling the expression of genes required
for G, to S phase transition. In late G,, cyclin E/CDK2 reinforce RB1 phosphorylation to
irreversibly initiate the gene expression program of the S phase. In addition to cyclin E,
cyclin A accumulates at the G,/S phase transition and persists through S phase where it
initially associates with CDK2 and then associates with CDK1 in late S phase. During the
G,/M transition, the cyclin A/CDK1 complex is activated to initiate mitosis. Finally, cyclin

B/CDK1 complexes are activated to allow the progression through the M phase (45, 46).
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(CDK)/cyclin complexes(47)

2.3 Apoptosis

Apoptosis or programmed cell death is a key regulator of physiological growth
control and tissue homeostasis. Several cancer therapy approaches, including,
chemotherapy, radiation therapy and immunotherapy, primarily exert their antitumor effect
by triggering apoptosis in cancer cells (48). Apoptosis is characterized by typical
morphological and biochemical hallmarks, including cell shrinkage, nuclear DNA
fragmentation and membrane blebbing. There are two main apoptotic pathways

including, the extrinsic and the intrinsic pathways (49).

2.3.1 Death-receptor-induced extrinsic apoptosis pathway

The extrinsic signaling pathway, that initiates apoptosis, is triggered by binding of
a death ligand to a death receptor, such as tumor necrosis factor-Ol (TNF-Ql)/ tumor
necrosis factor receptor 1(TNFR1), Fas Ligand (FasL)/ Fas receptor (FasR), TNF-related
apoptosis-inducing ligand (TRAIL)/TNF-related apoptosis-inducing ligand receptor1
(TNFR1). Binding of the ligand induces a conformational change of the death domain in
the receptor, recruiting adaptor proteins such as TNFR-associated death domain

(TRADD), Fas-associated death domain (FADD), to form death-inducing signaling



17

complex (DISC). Recruitment of procaspase-8 to DISC leads to cleavage of procaspase-
8, resulting in activation of caspase-8 and initiation of apoptosis by direct cleavage of

downstream effector caspases (49-51).

2.3.2 Mitochondrial-apoptosome-mediated intrinsic apoptosis pathway
Most chemotherapeutic drugs kill tumor cells through intrinsic apoptotic pathway.
The pathway is initiated by various extra- and intra-cellular stimuli including ultraviolet,
irradiation, growth factor withdrawal, oxidative stress, and chemotherapeutic drugs (52).
All of these stimuli cause changes in the inner mitochondrial membrane that results in an
opening of the mitochondrial permeability transition (MPT) pore, loss of the mitochondrial
transmembrane potential and release of apoptogenic factors such as endonuclease G
(Endo G), second mitochondria-derived activator of caspases/direct IAP binding protein
with a low iso-electric point (SMAC/DIABLO), Omi and cytochrome c into the cytosol.
SMAC/DIABLO and Omi are reported to promote apoptosis by inhibiting activity of
inhibitors of apoptosis proteins (IAPs) whereas endonuclease G is responsible for DNA
degradation, chromatin condensation, and DNA fragmentation. Cytochrome ¢ binds to
APAF-1, which oligomerizes to form apoptosome. Once formed, this complex, comprising
of APAF-1-cytochrome c—procaspase 9, triggers the activation of procaspase 9 to
caspase 9. This initiator caspase starts the hydrolytic cascade that stimulates the effector
caspases, leading to apoptosis (53, 54).
Regulation of intrinsic apoptosis pathway occur through members of the Bcl-2
family of proteins, which can be divided into three groups including,
I. Anti-apoptotic Bcl-2 proteins (such as Bcl-2, Bcl-X,) consist of BH1, BH2,
BH3 and BH4 domains. These proteins preserve outer mitochondrial
membrane integrity by inhibiting the pro-apoptotic members.
Il. Pro-apoptotic Bcl-2 effector proteins (such as BAK, BAX) consist of BH1,
BH2 and BH3 domains. These proteins promote apoptosis by forming
oligomers on the cytosolic side of the outer mitochondrial membrane,
creating pores that permeabilize the mitochondrial membrane and

allowing the release of apoptogenic factors to the cytosol.
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[ll.  BH3 only pro-apoptotic Bcl-2 protein (such as BAD, Bid, Bim) These
proteins promote apoptosis by inhibiting anti-apoptotic proteins or

activating anti-apoptotic members (54-56).
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Figure 2 Extrinsic and intrinsic apoptotic signaling pathways (57)

2.4 Reactive oxygen species

Reactive oxygen species (ROS) are small molecules that are short-lived and
highly reactive. ROS include oxygen (O,), superoxide anion (O, ), hydroxyl free radicals
(HO ) and hydrogen peroxide (H,0,). The generation of ROS in cells exists in equilibrium
with a wide variety of antioxidants. These include enzymatic scavengers such as
superoxide dismutase (SOD), catalase, glutathione peroxidase (GPx) and peroxiredoxins,
as well as non-enzymatic scavengers such as vitamins C and E, glutathione (GSH), lipoic
acid and carotenoids (58). Low level of ROS plays an important role in regulating normal
physiological functions involved in development such as cell cycle progression,

proliferation, differentiation, migration and cell death. However, high level of ROS caused
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by the imbalance between ROS generation and antioxidant can lead to oxidative damage
that could trigger cell death. It is now known that cancer cells have higher ROS level
compared to normal cells due to high metabolic rate and mitochondrial dysfunction. Thus,
excessive accumulation of ROS in cancer cells can induce apoptosis through oxidative
stress (58-62). In fact, there are many commonly used chemotherapeutic drugs such as
cisplatin, carboplatin, oxaliplatin and doxorubicin that have been known to increase the
level of ROS (63-65). Moreover, several studies reported that natural compounds such as
curcumin, catechins, plumbagin, shikonin and resveratrol exhibited anticancer activity by

inducing cell death through ROS generation (66-69).

2.5 Epidermal growth factor receptor cell proliferation signaling pathways

The epidermal growth factor receptor (EGFR) is a receptor tyrosine kinase that is
commonly upregulated in various types of cancers such as non-small-cell lung cancer,
metastatic colorectal cancer, glioblastoma, head and neck cancer, pancreatic cancer,
and breast cancer (70). The EGFR-regulated cell proliferation and survival are mediated
through two major signaling pathways, including MAPK/ERK and PI3K/AKT pathways
(71).

2.5.1 MAPK/ERK signaling pathway

The signal starts when receptor tyrosine kinases such as EGFR are activated by
extracellular ligands, such as epidermal growth factor (EGF), resulting in receptor
dimerization which promotes autophosphorylation of tyrosine residues in the intracellular
domain of the receptor. These phosphorylated residues serve as specific binding sites
for intracellular signaling proteins containing SH2 domain such as growth factor receptor-
bound protein 2 (Grb2). Consequently, son of sevenless (SOS), a guanine nucleotide
exchange factor (GEF), is recruited to the plasma membrane as a result of its interaction
with Grb2. Then, SOS stimulates Ras by switching from inactive GDP to active GTP bound
form of Ras. Active Ras can bind with and activate Raf. Upon activation, Raf induces the
phosphorylation of Mek1/2. Thereafter, activated Mek1/2 phosphorylates Erk1/2. Finally,

active Erk1/2 translocates to the nucleus, where Erk phosphorylates and activates various
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transcription factors that involve cellular processes such as proliferation, migration and

differentiation (72-74).
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Figure 3 MAPK/ERK signaling pathway(75)

2.5.2 PI3K/AKT signaling pathway

Binding of the ligand to membrane receptor tyrosine kinases triggers activation of
phosphatidylinositol 3-kinases (PI3K) which further converts phosphatidylinositol 4,5-
bisphosphate (PIP2) lipids to phosphatidylinositol-3,4,5-trisphosphate (PIP3) at the
membrane, providing docking sites for intracellular signaling proteins with pleckstrin-
homology (PH) domains including the phosphoinositide-dependent kinase 1 (PDK1) and
the serine-threonine kinase AKT (76, 77). Then, AKT is recruited to the plasma membrane
along with PDK1, allowing PDK1 to phosphorylates and activate AKT. Once activated,
AKT could translocate from the plasma membrane to the cytoplasm and nucleus to
phosphorylate many target proteins, promoting cell proliferation, differentiation,

apoptosis, angiogenesis and metabolism (78, 79).
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2.6 Mansonone and its derivative

Mansonones are naphthoquinone-containing compounds isolated from the
heartwood of Mansonia gagei Drumm, a Thai plant in family Sterculiacae. The common
names in Thai are Chan-cha-mod, Chan-hom and Chan-pha-ma. The heartwood of this
plant has been used in Thai traditional medicine as antidepressant, antiemetic, cardiac
stimulant, and refreshment agents (81, 82). Previous studies have reported that the
chemical constituents from heartwood of Mansonia gagei Drumm are mansonones C, E,

F,G H,I,N,O, P,Qand S (15, 82, 83).
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Pharmacological effects of mansonones

Several studies reported that mansonones have various pharmacological
activities such as antibacterial, antifungal, antiestrogenic, antiadipogenic and anticancer
effects.

Antibacterial effect

Boonsri et al. demonstrated that mansonone E isolated from Thespesia populnea
displayed antibacterial activity against Bacillus subtilis with  minimum inhibitory
concentration (MIC) of 4.69 pug /mL (19). Moreover, mansonone E has shown to possess
potent antibacterial activity against both Xanthomonas oryzae pv. oryzae (Xoo) and
Xanthomonas oryzae pv. oryzicola (Xoc) with MIC and minimum bactericidal
concentration (MBC) of 7.8 and >500 ug mL™, respectively (84).

Antifungal effect

Tiew P. et al. reported that mansonones C and E have antifungal activities against
Candida albicans with a minimal amount of 1.5 yg and 2.5 pg, respectively. They also
effectively inhibited Cladosporium cucumerinum growth with a minimal inhibitory amount
of 0.6 ug, and 0.6 ug respectively (85). Additionally, mansonone E exhibited antifungal
activity against Phytophthora parasitica with 94% inhibition at 1000 ug mL™". Similar to
mansonone E, the growth of this fungus was significantly inhibited by mansonones C and G
at concentration of 1000 pg mL~" with 81 and 84% inhibition, respectively (84).

Anti-estrogenic effect

In 2013, El-Halawany AM, et al. reported that acetyl mansonone G displayed
a 10-fold increase in its binding ability to estrogen receptor alpha (ERQL), when compared
to mansonone G, with an IC_,630 uM. Moreover, acetyl mansonone G at 10 uM has shown
to inhibit 17B—estradio|—induced B-galactosidase activity in the yeast estrogen screen
(YES) expressing ER-QL and ER-B model (86).

Anti-adipogenic effect

A recent study reported that mansonones C and G suppressed differentiation of
3T3-L1 cells into adipocyte-like cells, with a 40% decrease in lipid accumulation via the

suppression of peroxisome proliferator-activated receptor (PPAR)-Y activity (20).
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Anticancer effect

Wang D. et al. demonstrated the anticancer activities of mansones E and F
isolated from the dried root bark of Ulmus pumila. The IC,, values of mansonone E were
2.2,7.9,3.1,and 0.9 yM while the IC,, values of mansonone F were 13.3, 30.5, 29.4, and
3.0 UM in melanoma (A375-S2), cervical cancer (Hela), breast cancer (MCF-7) and
lymphoma (U937) cells, respectively. Similarly, mansonone E, isolated from Thespesia
populnea, has significantly inhibited the growth of four cancer cell lines including breast
cancer (MCF-7), cervical cancer (Hela), colon cancer (HT-29), and oral cavity cancer
(KB) with IC,, of 0.05, 0.55, 0.18 and 0.4 uM, respectively (59). Moreover, it was reported
that mansonone E induces apoptosis in Hela cells by inducing oligonucleosomal
fragmentation, activating caspase-3, downregulating expressions of anti-apoptotic

proteins, Bcl-X and Bcl-2 and upregulating expression of proapoptotic protein, Bax (17).

In 2016, Hairani R, ef al. isolated several mansonones, including mansonones C
(77 mg), E (207 mg), G (10 g) and H (196 mg), from heartwood of Mansonia gagei Drumm
and evaluated for their antibacterial activities. The results revealed that mansonones E
and G displayed antibacterial activity against Staphylococcus aureus, Streptococcus
mutans, Streptococcus sobrinus higher than the others (13). Since mansonone G
exhibited good antibacterial activity and could be obtained in the highest yield, its ether
and ester analogues were synthesized. Notably, ether analogues of mansonone G, had
higher antibacterial activity than the parent mansonone G (87). In addition to antibacterial
activity, a recent study has shown that the ether analogues of mansonone G displayed

higher antiadipogenic activity than the parent MG (20).

Figure 6 Structure of EMG



3.1 Equipment

3.2 Materials

3.3 Reagents

CHAPTER IlI
MATERIALS AND METHODS

Analytical balance 0.001 g (Mettler Toledo, Switzerland)
Analytical balance 0.00001 g (Sartorius, Germany)
Autoclave (Sanyo, Japan)

Autopipette (Brand, Germany)

Biohazard laminar flow hood (Labconco, USA)
Centrifuge (Hettich, Germany)

CO, incubator (Thermo, USA)

Controller pipette (Gilson, USA)

Electrophoresis system (Bio-Rad, USA)

Fluorescence microplate reader (Thermo, Finland)
Fluorescence flow cytometer (BD Bioscience, USA)
Light microscope (Nikon, Japan)

Microplate reader (Thermo, Finland)

Temperature control centrifuge (Eppendrof, Germany)

Vortex mixer (Scientific Industries, USA)

6 well plate (Corning Inc., USA)

15 mL conical tube (Corning Inc., USA)

25 and 75 cm’ rectangular cell culture flask (Corning Inc., USA)
96 well black polystyrene plate (Corning Inc., USA)

96 well plate (Corning Inc., USA)

Nitrocellulose membrane (Bio-Rad, USA)

0.4% Trypan blue dye (Sigma, USA)

2,7-dichloro-dihydro-fluorescein diacetate (Sigma, USA)

25



Ammonium persulfate (Sigma, USA)
Annexin V, fluorescein conjugate (FITC) (Invitrogen, USA)
Anti-IgG, horseradish peroxidase (HRP)-linked antibody (Cell
Signaling Technology, USA)
Bromophenol blue (Sigma, USA)
B—meroaptoethanol (Sigma, USA)
Cis-diammineplatinum (Il) dichloride (Sigma, USA)
Dimethyl sulfoxide (DMSQ) [analytical grade] (Merck, Thailand)
Dimethyl sulfoxide (DMSO) [molecular grade] (Sigma, USA)
Dulbecco’s Modified Eagle Medium (DMEM) (Gibco, USA)
Fetal bovine serum (Gibco, USA)
Glycerol (Sigma, USA)
Glycine (Sigma, USA)
Hank’s buffered salt solution (HBSS) (Sigma, USA)
Western horseradish peroxidase substrate (Merck, Germany)
N,N,N,N-tetramethyl ethylenediamine (TEMED) (Sigma, USA)
N-acetylcysteine (Sigma, USA)
Penicillin-streptomycin (Gibco, USA)
Primary antibodies (Cell Signaling Technology, USA)

- AKT (pan) rabbit monoclonal antibody

- BAK rabbit monoclonal antibody

- BAXrabbit monoclonal antibody

- Bcl-2 rabbit monoclonal antibody

- Bcl-X_ rabbit monoclonal antibody

- GAPDH rabbit monoclonal antibody

- p44/42 MAPK (Erk1/2) rabbit monoclonal antibody

- PARP rabbit monoclonal antibody

- phospho-AKT rabbit monoclonal antibody

- Phospho-p44/42 MAPK (Erk1/2) rabbit monoclonal antibody



27

- Propidium iodide (BD Pharmingen, USA)

- Protease inhibitors (Sigma, USA)

- Protein assay kit (Bio-Rad, USA)

- Protogel (National Diagnostic, USA)

- RIPA lysis buffer (Thermo scientific, USA)

- Roswell Park Memorial Institute (RPMI)-1640 medium (Gibco, USA)
- Sodium dodecyl sulfate polyacrylamide gel (SDS) (EM science, USA)
- Thiazolyl blue tetrazolium bromide (MTT) (Sigma, USA)

- Tris base (Vivantis, USA)

- Triton X-100 (Sigma, USA)

- Trypsin/EDTA (Gibco, USA)

- Tween 20 (Sigma, USA)

3.4 Methods

3.4.1 Preparation of test compound stock solutions

Mansonone G (MG) was isolated from the heartwood of Mansonia gagei (M.gagei)
whereas ethoxy mansonone G (EMG) was semi-synthesized according to the previous
study (20). Stock solutions of MG, EMG and cisplatin were prepared in dimethy! sulfoxide
(DMSO) at 50 mM and stored at 4°C until use. In the experiments, the stock solution was
diluted in culture media to give appropriate final concentrations. The 0.2% DMSO was

used as a vehicle control.

3.4.2 Cell culture

Human lung adenocarcinoma cell lines, A549 and H1975 were from American Type
Culture Collection (ATCC, USA) and normal human primary dermal fibroblasts (PCS201-
010) was kindly provided by Ms. Nalinee Pradubyat from College of Pharmacy, Rangsit
University. A549 cells were maintained in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and 100 units/mL penicillin and 100

pMg/mL streptomycin. H1975 cells were maintained in Roswell Park Memorial Institute
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(RPMI) 1640 medium supplemented with 10% FBS, 100 U/mL penicillin and 100 ug/mL
streptomycin. PCS201-010 cells were maintained in DMEM with high glucose
supplemented with 10% FBS and 100 units/mL penicillin and 100 pg/mL streptomycin.

The cells were maintained in 5% CO, humidified at 37°C.

3.4.3 Cytotoxicity assay

The cytotoxic effects of MG and EMG were determined by methyl thiazolyl
tetrazolium (MTT) assay. Briefly, A549, H1975 and PCS201-010 cells were seeded at
a density of 2.5x10" cells/mL in 96-well plates and incubated at 37°C and 5% CO,
overnight. Cells were then treated with 2.5, 5, 10, 20 and 40 uM of MG, EMG or cisplatin
(positive control) or 0.2% DMSO (vehicle control) for 48 h. After treatment, 15 yL of MTT
(5 mg/mL) was added into each well and incubated at 37°C for 4 h. The formazan crystals
created after incubation were dissolved in DMSO. The absorbance of obtained colored
solution was measured at 570 nm using a microplate reader (Thermo, Finland). The

percentage of cell viability was calculated using the following equation:

% cell viability= (Absorbance g,/ Absorbance x100

Untreated group)

The half inhibitory concentration (IC,,) was obtained using GraphPad Prism 7
(GraphPad Software, USA).

The selective index (SI) which indicates the cytotoxic selectivity of a test compound
against cancer cells was calculated from the IC,, of the test compound in normal cells

versus cancer cells.

3.4.4 Analysis of cell cycle progression

The proportion of cells within each stage of the cell cycle was detect by flow
cytometry using propidium iodide (Pl). Cells that are in the G,/G, phase have a diploid
DNA content (2n). During S phase (DNA synthesis), cells contain between 2n and 4n.
Within G,/M phase, cells have a tetraploid DNA content (4n).

A549 and H1975 cells were seeded at a density of 2.5x1 0" cells/mL in 6-well plates
and incubated at 37°C and 5% CO, overnight. Cell were synchronized in G /G, phase
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using serum starvation for 24 h. Then, the cells were treated with 5, 10 and 20 pM of
EMG or 0.2% DMSO for 24 h. After that, the cells were washed with PBS, harvested by
trypsinization, and centrifuged at 1,500 rpm for 5 min. Then, the cell pellets were
collected, washed twice with cold PBS and fixed in 70% ethanol at -20°C for 15 min. The
fixed cells were washed twice with cold PBS, resuspended with 300 ul of PBS and
incubated with 2 uL of 4 mg/ml RNase A at room temperature for 30 min. The cells were
then stained with 1 uL of 0.05 ug/ml PI (BD Pharmingen, USA) at room temperature in
the dark for 15 min. The stained cells were analyzed by flow cytometer (BD LSR I,

Biosciences).

3.4.5 Detection of apoptosis using Annexin-V/PI| staining assay

Apoptosis was detected by staining the cells with fluorescein isothiocyanate (FITC)-
conjugated annexin V (annexin V-FITC) and PI solution followed by flow cytometry
analysis. In early apoptotic cells, phosphatidyl serine (PS), which are normally located on
the inner membrane, will redistribute to the outer membrane that can be detected with
annexin V-FITC). However, in late apoptotic and necrotic cells, the integrity of the plasma
and nuclear membranes are lost, allowing Pl to pass through the membrane.

A549 and H1975 cells were seeded at a density of 2.5x10" cells/mL in 6-well plates
and incubated at 37°C and 5% CO, overnight. Then, the cells were treated with 5, 10 and
20 UM of EMG for 24 h or 0.2% DMSO. After incubation, the cells were washed twice with
cold PBS, harvested by trypsinization, and centrifuged at 1,500 rpm for 5 min. The cell
pellets were re-suspended with 500 uL of assay buffer and stained with 1 pL of Pl and
3 pL of annexin V-FITC (Invitrogen, USA) in the dark at room temperature for 15 min. The
stained cells, including viable cells (annexin V-, PI-), early apoptotic cells (annexin V+, Pl-),
late apoptotic cells (annexin V+, PI+) and necrotic cells (annexin V-, Pl+), were

quantitatively analyzed using flow cytometer (BD LSR II, Biosciences).

3.4.6 ROS generation assay

The ROS levels in the cells were determined by dichloro-dihydro-fluorescein

diacetate (DCFH-DA). DCFH-DA, a nonpolar dye, is deacetylated by cellular esterases to
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a non-fluorescent dichlorodihydrofluorescein (DCFH). In the presence of cellular ROS,
DCFH is oxidized to the highly fluorescent dichlorofluorescein (DCF).

A549 and H1975 cells were seeded at a density of 2.5x1 0* cells/mL in 96-well plates
and incubated at 37°C and 5% CO, overnight. Then, the cells were incubated with 100 pL
of 10 uM DCFH-DA (Sigma, USA) in Hank’s buffered salt solution (Sigma, USA) at 37°C
in the dark for 30 min. After incubation, buffer was removed and the cells were washed
with PBS. Subsequently, the cells were treated with 5, 10 and 20 uM of EMG, 200 yM of
H,O, (positive control) or 0.2% DMSO for 1 h. After that, the cells were washed twice with
cold PBS and 200 pL of 1% triton-X (Sigma, USA) in 0.3 M NaOH was added. The levels
of ROS were analyzed by measuring the DCF fluorescence intensity at an excitation
wavelength of 502 nm and an emission wavelength of 523 nm using a fluorescence
microplate reader (Thermo, Finland). The fluorescence intensity in each group were

expressed in the percentage of control as calculated from following equation:

% control = F /F x 100

Sample Control

3.4.7 Evaluation of protein expression using western blotting

Effects of EMG on the expression of apoptosis-related proteins, including pro-
apoptotic proteins (BAK, BAX), anti-apoptotic proteins (Bcl-2, Bcl-X ) and poly (ADP-
ribose) polymerase (PARP) and proteins involved in PI3BK/AKT and MAPK/ERK signaling
pathways, including AKT, phospho-AKT, MAPK (Erk1/2) and phospho-ERK1/2 were
determined by western blotting using GAPDH as an internal control.

A549 and H1975 cells were seeded at a density of 2.5x10" cells/mL in 6-well plates
and incubated at 37°C and 5% CO, overnight. Then, A549 cells were treated with EMG at
concentrations of 5, 10 and 20 pM while H1975 cells were treated with EMG at
concentrations of 2.5, 5 and 10 pM for 24 h. Subsequently, cells were lysed with RIPA
buffer (Thermo scientific, USA) containing protease inhibitors (Sigma, USA) and
phosphatase inhibitors (Sigma, USA) and centrifuged at 14,000 rpm for 30 min. The
supernatants were collected and the protein concentrations were evaluated by Bio-Rad

DC Protein assay reagents (Bio-Rad, USA) using bovine serum albumin as a standard.
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Then, the protein samples were separated by 8% SDS-PAGE and transferred to
nitrocellulose membranes. The membrane was incubated in 3% non-fat dry milk (NFDM)
in 1X Tris-buffered saline containing 0.1% Tween 20 (TBST) at room temperature for 1 h,
and then incubated with the primary antibodies specific to proteins of interest, including
BAK, BAX, Bcl-2, Bcl-X, PARP, AKT, phospho-AKT, MAPK (Erk1/2), phospho-ERK1/2
(1:1000 dilution, Cell signaling, USA) at 4°C overnight. Then, the membrane was
incubated with HRP-conjugated secondary antibody (1:2000 dilution, Cell signaling, USA)
at room temperature for 2 h. The target proteins were detected by Luminata Crescendo
Western HRP substrate (Merck, Germany) and analyzed by Image Studio software (LI-
COR, USA)

3.4.8 Statistical analysis

All data are presented as mean * standard error of mean (SEM) from three
independent experiments performed in triplicate. Statistical analysis of data was
performed by one-way analysis of variance (ANOVA) followed by LSD using SPSS
statistics 21 software (IBM Corporation, USA). The difference was considered significant

if p value was < 0.05.
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CHAPTER IV
RESULTS

4.1 Effect of mansonone G (MG), ethoxy mansonone G (EMG) and cisplatin (CDDP) on
viability of non-small cell lung cancer and normal cells

Initially, the cytotoxic effects of MG, EMG and CDDP on NSCLC cell lines
expressing wild-type EGFR A549 and mutant EGFR H1975 and normal fibroblast PCS201-
101 cells were determined. Cells were exposed to 2.5, 5, 10, 20 or 40 yM of MG, EMG or
CDDRP for 48 h and the cell viability was evaluated using MTT assays. As shown in Figures
7A-C, MG, EMG and CDDP significantly inhibited the growth of A549 and H1975 cells in
a concentration dependent manner (p<0.001). The values of half maximal inhibitory
concentration (IC,,) of MG, EMG and CDDP were illustrated in Table 1. It, however, should
be noted that EMG displayed the most potent cytotoxicity toward NSCLC cells, compared
to MG and cisplatin. Similar to cancer cells, MG, EMG and CDDP significantly inhibited
the growth of normal fibroblast PCS201-101 cells in a concentration dependent manner
(Figures 8A-C, p<0.001). Of all three compounds, EMG showed highest selectivity index
(Sl) values, which represents IC, for normal cells/IC,, for cancer cells for both NSCLC cell
lines (Table 1). The Sl values of EMG for A549 and H1975 cells were 2.76 and 3.60,

respectively. Thus, EMG was selected for further studies.



33

120+

B As40

100+ [] H1o75

*%k%k %
*kk kkk

40 ] Kkkk kkk

20+

Cell viability (% of control)
()]
S

0- — —
control 2.5 5 10 20 40

concentration (UM)

B) EMG
= 120
£ | EEE
§ 100 = m-*— E] H1975
S 80
o\c *kk
E 60 F*kk
S 40
S *kk
% 20 *kkkkk s
&) Sk
0 o L

control 2.5 5 10 20 40

concentration (uM)

C) CDDP
1201

10017 sax [] H1975
80
60
40-
204

Cell viability (% of control)

0- - L
Control 2.5 5 10 20 40

concentration (uM)

Figure 7 Effects of MG, EMG and CDDP on viability of A549 and H1975 cells. The cells
were treated with MG, EMG or CDDP at 2.5, 5, 10, 20 or 40 uM for 48 h. Cell viability was
evaluated using MTT assays. Each value is expressed as the mean + SEM (n=3). *P<0.05,

**P<0.01, **P<0.001 compared with vehicle control (0.2% DMSO).
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Figure 8 Effects of MG, EMG and CDDP on viability of PCS201-010 cells. The cells were
treated with MG, EMG or CDDP at 2.5, 5, 10, 20 or 40 yM for 48 h. Cell viability was
evaluated using MTT assays. Each value is expressed as the mean + SEM (n=3).

**P<0.01, **P<0.001 compared with vehicle control (0.2% DMSO).
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Table 1 IC,, and selectivity index values of MG, EMG and CDDP on A549, H1975 and

PCS201-010 cells

IC,, values (uM) S| INDEX
Compounds
A549 H1975 PCS201-010 A549 H1975
MG 20.88+0.44 | 30.03%1.84 27.59+1.99 1.32 0.92
EMG 9.49+0.58 7.27+0.26 26.19+1.31 2.76 3.60
CDDP 12.70+0.61 | 17.66%0.20 28.66+2.15 2.26 1.62

4.2 Effect of EMG on ROS generation in A549 cells

Several studies reported that natural naphthoquinones such as curcumin,
plumbagin, shikonin and juglone induced oxidative stress via ROS generation in cancer
cells (88). Thus, the effect of EMG on ROS generation in A549 cells was evaluated. Cells
were treated with EMG at 5, 10 and 20 uM, CDDP at 10 uM or H,0, at 200 uM for 1 h. The
levels of ROS were determined by measuring the DCF fluorescence intensity. As shown
in Figure 9A, EMG at 10 and 20 yM, CDDP at 10 yM and H,0, at 200 uM significantly
increased ROS levels from 100% to approximately 150%, 200%, 165% and 200%,
respectively (P<0.05). To determine whether cytotoxicity of EMG is mediated through ROS
generation in A549 cells, the cells were pre-treated with 5 mM N-acetylcysteine (NAC,
a ROS scavenger) for 2 h and then incubated with 5, 10 and 20 uM of EMG or 10 uM of
CDDRP for additional 24 h. The cell viability was evaluated using MTT assays. The results
showed that pretreatment with NAC significantly increased the viability of A549 cells by
1.2, 1.2, and 5.6 folds, when compared with the viability of the cells treated with EMG
alone at 5, 10 and 20 uM, respectively (Figure 9B, P<0.01). Similarly, pretreatment with
NAC prevented CDDP-induced cytotoxicity on A549 cells. These results suggest that

cytotoxicity of EMG is partly mediated through ROS production in A549 cells.
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Figure 9 Effect of EMG on ROS generation in A549 cells. (A) Cells were treated with EMG
at 5, 10 and 20 yM, CDDP at 10 uM or H,O, at 200 uM for 1 h. The levels of ROS were
determined by measuring the DCF fluorescence intensity using a fluorescence microplate
reader. (B) Cells were treated with EMG at 5, 10 and 20 uM for 24 h in the presence or
absence of 5 mM NAC. The cell viability was evaluated using MTT assays. Each value is
expressed as the mean + SEM (n=3). *P<0.05, **P<0.01, ***P<0.001 compared with

vehicle control (0.2% DMSO).
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4.3 Effect of EMG on cell cycle distribution in A549 cells

Some chemotherapeutic agents exerts their actions only during specific phase of
the cell cycle while others exerts their actions at any point of the cell cycle (89, 90). Thus,
the effect of EMG on cell cycle distribution of A549 cells was investigated. Initially, cells
were synchronized in G,/G, phase using serum starvation for 24 h before treatment with
5, 10 and 20 pM of EMG, 10 uM of CDDP or 0.2% DMSO for 24 h. Distribution of A549
cells in each phase of cell cycle after treatment was determined using Pl staining, followed
by fluorescence flow cytometry analysis. As shown in Figure 10, EMG at 5 and 10 uM
significantly induced cell accumulation in the G, phase whereas CDDP at 10 uM
significantly induced cell accumulation in the G,/M phase in A549 cells (P<0.05). These

results suggest that EMG induced G, phase arrest in A549 cell.
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Figure 10 Effect of EMG on cell cycle distribution of A549 cells. Cells were synchronized
in G /G, phase using serum starvation for 24 h. After serum starvation, the cells were
treated with 5, 10 and 20 uM of EMG, 10 uM of CDDP, or 0.2% DMSO for 24 h. Flow
cytometry analysis of Pl-stained cells was used to determine cell cycle distribution. Each
value is expressed as the mean + SEM (n=3). *P<0.05, ***P<0.001 compared with vehicle

control (0.2% DMSO).
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4.4 Effect of EMG on apoptosis induction in A549 cells

Most approved chemotherapeutic drugs induce cancer cells to undergo
apoptosis via the mitochondrial pathway (91, 92). Thus, the apoptosis-inducing effect of
EMG was evaluated in A549 cells. The cells were treated with 5, 10 and 20 uM of EMG
and 10 yM of CDDP for 24 h. After annexin V-FITC/PI staining, apoptotic cells were
identified by flow cytometry analysis. As shown in Figure 11, EMG induced A549 cells to
undergo apoptosis. Treatment of A549 cells with EMG at 20 uM significantly increased
apoptosis cell death by approximately 6-fold greater than the vehicle control (P<0.001)
whereas apoptotic A549 cells after treatment with CDDP at 10 uM were twice that of the

vehicle control (P<0.01).
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Figure 11 Apoptosis-inducing effect of EMG on A549 cells. Cells were treated with EMG
at5,10 and 20 yM, CDDP at 10 uM or 0.2% DMSO for 24 h. Following treatment, apoptotic
cells or necrotic cells were identified using annexin V-FITC/PI, followed by flow cytometry.
Each value is expressed as the mean + SEM (n=3). **P<0.01, ***P<0.001 compared with

vehicle control (0.2% DMSO).
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During apoptosis, poly (ADP-ribose) polymerase (PARP) is cleaved by caspase-
3, resulting in DNA fragmentation (93). To confirm the apoptosis-inducing effect of EMG
on A549 cells, the expression of cleaved PARP was determined using western blotting.
The results showed that EMG at 20 pM as well as CDDP at 10 uM significantly induced
PARP cleavage in A549 cells (Figure 12, p<0.01). Taken together, these results suggest

that cytotoxic effect of EMG is partly mediated via apoptosis induction in A549 cells.
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Figure 12 Effect of EMG on PARP cleavage in A549 cells. Cells were treated with EMG at
5,10 and 20 pM or CDDP at 10 uM for 24 h. The protein expression of cleaved PARP and
PARP were determined by western blotting. Each value is expressed as the mean + SEM

(n=3). **P<0.01 compared with vehicle control (0.2% DMSQO).
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4.5 Effect of EMG on the expression of Bcl-2 family proteins in A549 cells

The mitochondrial or intrinsic apoptotic pathway is regulated by the Bcl-2 family
proteins. In this study, the expression of Bcl-2 family proteins, including pro-apoptotic
proteins (BAK, BAX) and anti-apoptotic proteins (Bcl-2, Bcl-X), was assessed using
western blotting after the cells were treated with 5, 10 and 20 yM of EMG, 10 yM of CDDP
or 0.2% DMSO for 24 h. As shown in Figures 13A and 13B, EMG at 20 yM and CDDP at
10 uM significantly increased the expression of BAK and BAX in A549 cells (P<0.05).
Moreover, EMG at 10 and 20 uM significantly decreased the expression of Bcl-X and Bcl-2
in A549 cells whereas CDDP at 10 uM significantly decreased the expression of Bcl-2 but
did not alter the expression of Bcl-X, in A459 cells (Figures 14A and 14B, P<0.05). Taken
together, these results suggest that EMG induces apoptosis via upregulation of BAK and

BAX and downregulation of Bcl-X and Bcl-2 in A549 cells.
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Figure 13 Effects of EMG on the expression of pro-apoptotic Bcl-2 family proteins in A549
cells. Cells were treated with EMG at 5,10 and 20 uM or CDDP at 10 pM for 24 h. The
levels of pro-apoptotic proteins including (A) BAK (B) BAX were determined by western
blot analysis. (C) Representative immunoblot images of BAK and BAX. The values are
shown as fold change relative to the vehicle control. Each value is expressed as the mean

+ SEM (n=3). *P<0.05, **P<0.01, ***P<0.001 compared with vehicle control (0.2% DMSO).
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Figure 14 Effect of EMG on the expression of anti-apoptotic Bcl-2 family proteins in A549

cells. Cells were treated with EMG at 5,10 and 20 uM or CDDP at 10 pM for 24 h. The
levels of anti-apoptotic proteins including (A) Bcl-X and (B) Bcl-2 were determined by
western blot. (C) Representative immunoblot images of Bcl-X_and Bcl-2. The values are
shown as fold change relative to the vehicle control. Each value is expressed as the mean

+ SEM (n=3). *P<0.05, **P<0.01, ***P<0.001 compared with vehicle control (0.2% DMSO).
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4.6 Apoptosis-inducing effect of EMG through ROS generation in A549 cells

To determine whether ROS is involved in apoptosis-inducing effect of EMG in
A549 cells, the cells were pretreated with or without NAC for 2 h followed by EMG at 5, 10
and 20 M or CDDP at 10 pM for 24 h. Then, the cells were stained with annexin V-FITC/PI
and analyzed by flow cytometry. As shown in Figure 15, NAC prevented EMG-induced
apoptosis in A549 cells. The percentage of apoptotic cell significantly decreased when
the cells were pretreated with NAC by 3.2 and 1.1 folds, compared with cells treated with
EMG at 20 uM and CDDP at 10 uM alone, respectively (P<0.05). These results suggest

that EMG-induced apoptosis is partly mediated through ROS generation in A549 cells.
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Figure 15 Apoptosis-inducing effect of EMG was mediated through ROS generation in
A549 cells. Cells were treated with EMG at 5, 10 and 20 yM or CDDP at 10 uM for 24 h in
the presence or absence of 5 mM NAC. Apoptotic and necrotic cells were identified by
flow cytometry analysis using annexin V-FITC/PI staining method. Each value is expressed

as the mean + SEM (n=3). *P<0.05, ***P<0.001 compared with EMG-treated cells.
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4.7 Effect of EMG on MAPK/ERK and PI3K/AKT signaling pathways in A549 cells

It is commonly known that EGFR activation induces cell proliferation through two
major signalling pathways, the MAPK/ERK and PI3K/AKT (94). Thus, the effects of EMG
on the MAPK/ERK and PI3K/AKT signaling pathways in A549 cells were investigated.
Cells were treated with EMG at 5, 10 and 20 uyM, CDDP at 10 yM or 0.2% DMSO for 24 h
and the expression of AKT, phospho(p)-AKT, ERK1/2 and p-ERK1/2 proteins was
determined by western blotting. As shown in Figures 16A and 16B, EMG at 20 uM
significantly increased the phosphorylation of AKT and ERK1/2 whereas CDDP at 10 uM
did not alter the phosphorylation of ERK1/2 and AKT in A549 cells (P<0.01). These results
suggest that cytotoxicity of EMG may be madiated via activation of the MAPK/ERK and
PISK/AKT pathways in A549 cells.
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Figure 16 Effects of EMG on MAPK/ERK and PI3K/AKT signaling pathways in A549 cells.
Cells were treated with EMG at 5, 10 and 20 uM, CDDP at 10 uM or 0.2% DMSO for 24 h.
The protein levels were determined by western blotting. (A) The ratio of phospho-
AKT/total-AKT (p-AKT/A-AKT) (B) The ratio of phospho-ERK1/2/total-ERK1/2 (p-ERK1/2/t-
ERK1/2) (C) Representative immunoblot images of p-AKT, t-AKT, p-ERK1/2 and t-ERK1/2.
The values are shown as fold change relative to the vehicle control. Each value is
expressed as the mean + SEM (n=3). **P<0.01, ***P<0.001 compared with vehicle control

(0.2% DMSO).
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4.8 Effect of EMG on ROS generation in H1975 cells

Mutations of EGFR have been reported and implicated in the pathogenesis of
several cancers, including NSCLC (6). Thus, the effect of EMG on ROS generation was
evaluated in EGFR mutant H1975 cells. Cells were treated with EMG at 5, 10 and 20 pM,
CDDP at 20 uM or H,O, at 200 uM for 1 h and the levels of ROS were determined by
measuring the DCF fluorescence intensity. As shown in Figure 17A, EMG at 10 and 20 pM,
CDDP at 10 uM and H,0, at 200 uM significantly increased ROS levels from 100% to
approximately 155%, 190%, 150% and 300%, respectively (P<0.05). Notably, the viability
of H1975 cells significantly increased by 1.1, 1.9, 2.8 and 1.3 folds when the cells were
pre-treated with NAC, compared with treatment with EMG at 5, 10 and 20 uM or CDDP at
20 uM alone, respectively. (Figure 17B, P<0.05). These results suggest that cytotoxicity

of EMG is partly mediated through ROS production in H1975 cells.
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Figure 17 Effect of EMG on ROS generation in H1975 cells. (A) Cells were treated with
EMG at 5, 10, 20 uM, CDDP at 20 uM or H,0, at 200 uM for 1 h. The levels of ROS were
determined by measuring the DCF fluorescence intensity using a fluorescence microplate
reader. (B) Cells were treated with EMG at 5, 10 and 20 uM or CDDP at 20 pM for 24 h, in
the presence or absence of 5 mM NAC. The cell viability was evaluated using MTT assays.
Each value is expressed as the mean + SEM (n=3). *P<0.05, ** P<0.01, ***P<0.001

compared with vehicle control (0.2% DMSO).
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4.9 Effect of EMG on cell cycle distribution in H1975 cells

To investigate the effect of EMG on H1975 cells in each phase of the cell cycle,
the cells were initially synchronized in G,/G, phase using serum starvation for 24 h. Then,
cells were treated with 5, 10 and 20 uM of EMG, 20 yM of CDDP or 0.2% DMSO for 24 h.
Distribution of Pl-stained cells was identified by fluorescence flow cytometry. The result
showed that EMG and CDDP did not induce significant accumulation of H1975 cells
in a certain phase. Treatment with EMG at 5, 10 and 20 uM significantly decreased cell
accumulation in the G, S and G,/M phase when compared with vehicle control. However,
EMG at 10 and 20 uM significantly induced accumulation of H1975 cells in the sub-G,
phase, a good indicator of apoptosis. (Figure 18, P<0.05). These results suggest that

EMG likely exerts its action on H1975 cells during any phase of the cell cycle.
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Figure 18 Effect of EMG on cell cycle distribution of H1975 cells. After serum starvation
for 24 h, cells were treated with 5, 10 and 20 uM of EMG, 20 pM of CDDP, or 0.2% DMSO
for 24 h. Cell cycle distribution was determined by flow cytometry analysis after Pl staining.
Each value is expressed as the mean + SEM (n=3). *P<0.05, **P<0.01, ***P<0.001

compared with vehicle control (0.2% DMSO).
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4.10 Effect of EMG on apoptosis induction in H1975 cells

To determine the apoptosis-inducing effect of EMG in H1975 cells, the cells were
treated with 5, 10 and 20 pM of EMG, 20 uM of CDDP, or 0.2% DMSO for 24 h. Apoptotic
cells death were determined using flow cytometry analysis of annexin V-FITC/Pl-stained
cells. As shown in Figure 19, EMG induced H1975 cells to undergo apoptosis. Treatment
of H1975 cells with EMG at 5, 10 and 20 uM significantly increased apoptosis cell death
in a concentration-dependent manner by approximately 45.9%, 62.9% and 79.2%,
respectively, whereas CDDP at 10 pM significantly increased apoptosis cell death by
approximately 21.9% (P<0.05). To determine the effect of EMG on PARP cleavage in
H1975 cells, the expression of cleaved PARP was measured after treatment with EMG at
2.5, 5 and 10 uyM as well as CDDP at 20 pyM. The results showed that EMG and CDDP
significantly induced PARP cleavage in H1975 cells (Figure 20, p<0.001). These results
suggest that cytotoxic effect of EMG is partly mediated via apoptosis induction in H1975

cells.
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Figure 19 Apoptosis-inducing effect of EMG on H1975 cells. Cells were treated with EMG
at5, 10 and 20 uM and CDDP at 20 uM for 24 h. Following treatment, cells were analysed
for apoptotic cells or necrotic cells by staining with annexin V-FITC/Pl and examined by
flow cytometry. Each value is expressed as the mean + SEM (n=3). *P<0.05, **P<0.01,

***P<0.001 compared with vehicle control (0.2% DMSO).
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Figure 20 Effect of EMG on PARP cleavage in H1975 cells. The cells were treated with
EMG at 2.5, 5 and 10 uM, CDDP at 20 pM, or 0.2% DMSO for 24 h. The protein levels of
cleaved PARP and PARP were determined by western blotting. Each value is expressed

as the mean + SEM (n=3). **P<0.001 compared with vehicle control (0.2% DMSO).
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4.11 Effect of EMG on the expression of Bcl-2 family proteins in H1975 cells

To determine the effects of EMG on the expression of apoptosis-related proteins,
cells were treated with 2.5, 5 and 10 yM of EMG, 20 uM of CDDP or 0.2% DMSO for 24 h
and the expression of pro-apoptotic proteins (BAK, BAX), anti-apoptotic proteins (Bcl-2,
Bcl-X) in H1975 cells was evaluated. The results showed that the protein expression of
BAK was significantly increased after treatment with EMG at 10 uM and CDDP at 20 uM,
compared with vehicle control. Moreover, EMG at 2.5, 5 and 10 pM significantly
upregulated the expression of BAX proteins in a concentration-dependent manner in
H1975 cells (Figures 21A and 21B, P<0.05). Similarly, the expression of BAX protein was
significantly increased after treatment with CDDP at 20 yM. In addition to increases in
pro-apoptotic proteins, EMG significantly downregulated the expression of antiapoptotic
proteins. The expression of Bel-X was significantly decreased after treatment with EMG
at 20 uM and CDDP at 20 uyM. Notably, EMG at 5 and 10 yM and CDDP at 20 yM also
significantly decreased the expression of Bcl-2 in H1975 cells (Figure 22A and 228,
P<0.05). These results suggest that apoptosis-inducing effect of EMG is likely mediated
through upregulation of BAK and BAX and downregulation of Bcl-X and Bcl-2 in H1975

cells.
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Figure 21 Effect of EMG on the expression of pro-apoptotic Bcl-2 family proteins in H1975
cells. Cells were treated with EMG at 2.5, 5 and 10 uM and CDDP at 20 pM for 24 h. The

levels of pro-apoptotic proteins, including (A) BAK and (B) BAX, were determined by
western blotting. (C) Representative immunoblot images of BAK and BAX. The values are
shown as fold change relative to the vehicle control. Each value is expressed as the mean

+ SEM (n=3). *P<0.05, **P<0.01, ***P<0.001 compared with vehicle control (0.2% DMSO).
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Figure 22 Effect of EMG on the expression of anti-apoptotic Bcl-2 family proteins in H1975
cells. Cells were treated with EMG at 2.5, 5 and 10 pM and CDDP at 20 uM for 24 h. The
levels of anti-apoptotic proteins including (A) Bcl-X_and (B) Bcl-2 were determined by
western blotting. (C) Representative immunoblot images of Bcl-X_ and Bcl-2. The values
are shown as fold change relative to the vehicle control. Each value is expressed as the
mean + SEM (n=3). *P<0.05, **P<0.01, ***P<0.001 compared with vehicle control (0.2%
DMSO).
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4.12 Apoptosis-inducing effect of EMG through ROS generation in H1975 cells

To determine whether apoptosis-inducing effect of EMG is associated with ROS
generation in H1975 cells, the cells were treated with NAC for 2 h before treatment with
EMG at 5, 10 and 20 uM, CDDP at 20 uM, or 0.2% DMSO for 24 h. Then, apoptotic and
necrotic cells were identified by flow cytometry analysis of annexin V-FITC/PI-stained
cells. As shown in Figure 23, pretreatment with NAC for 2 h significantly prevented
apoptosis in H1975 cells. The percentage of apoptotic cells significantly decreased by
1.5, 1.6 and 1.4 folds when pre-treated with NAC, compared with treatment with EMG at
5, 10 and 20 uM alone, respectively (P<0.05). These results suggest that ROS is likely

involved in EMG-induced apoptosis in H1975 cells.
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Figure 23 Apoptosis-inducing effect of EMG is mediated through ROS generation in
H1975 cells. Cells were treated with EMG at 5, 10 and 20 pM or CDDP at 20 uM for 24 h,
in the presence or absence of 5 mM NAC. Apoptotic cells were analyzed by flow
cytometry analysis using annexin V-FITC/PI staining. Each value is expressed as the mean

+ SEM (n=3). *P<0.05 and **P<0.01 compared with EMG-treated cells.
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4.13 Effect of EMG on MAPK/ERK and PI3K/AKT signaling pathways in H1975 cells
To evaluate the effect of EMG on MAPK/ERK and PI3K/AKT signaling pathways in

H1975 cells, the cells were treated with EMG at 2.5, 5 and 10 uM, CDDP at 20 pM, or
0.2% DMSO for 24 h and the levels of proteins involved in MAPK/ERK and PI3K/AKT
signaling pathways, including, AKT, p-AKT, ERK1/2 and p-ERK1/2 were determined by
western blotting. As shown in Figures 24A and 24B, EMG at 10 and 20 uM significantly
decreased the phosphorylation of AKT and ERK1/2. Notably, CDDP at 20 pM significantly
decreased the phosphorylation of AKT but increased the phosphorylation of ERK1/2 in
H1975 cells (P<0.05). These results suggest that cytotoxicity of EMG may be mediated

via inhibition of MAPK/ERK and PI3K/AKT signaling pathways.
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Figure 24 Effect of EMG on MAPK/ERK and PI3K/AKT signaling pathways in H1975
cells. Cells were treated with EMG at 2.5, 5 and 10 uM, CDDP at 20 yM or 0.2% DMSO
for 24 h. The levels of proteins involved in MAPK/ERK and PI3K/AKT signaling
pathways were determined by western blot. (A) The ratio of phospho-AKT/total-AKT
(p-AKT/t-AKT) (B) The ratio of phospho-ERK1/2/total-ERK1/2 (p-ERK1/2/t-ERK) (C)
Representative immunoblot images of p-AKT, AKT, p-ERK and ERK2. The values are
shown as fold change relative to the vehicle control. Each value is expressed as the
mean * SEM (n=3). *P<0.05, **P<0.01, ***P<0.001 compared with vehicle control
(0.2% DMSO).
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CHAPTER V
DISCUSSION AND CONCLUSION

Lung cancer is one of the most common human cancers and represents the
leading cause of cancer mortality worldwide for both men and women. Surgery, radiation
therapy, chemotherapy and targeted therapy are the standard cancer therapies (4, 95).
For lung cancer patients with advanced stage, chemotherapy is the treatment of choice,
which is mostly associated with severe adverse events. Therefore, new compounds with
high anticancer activity and low toxicity are critically needed.

Mansonones are naphthoquinone-containing compounds extracted from the
heartwood of Mansonia gagei (13). A previous study reported that mansonones E and F
exhibited anticancer effects against various cancer cell lines such as breast cancer (MCF-
7), cervical cancer (Hela), lymphoma (U937) and melanoma (A375-S2) (18). Additionally,
mansonone G (MG) exhibited anticancer activity against ovarian (A2780) and tamoxifen-
resistant breast LCC2 cancer cell lines with IC,, values of 10.2 + 0.9 and 26.19 + 0.16 uM,
respectively (96, 97). In this study, the cytotoxicity of MG and its derivative, ethoxy
mansonone G (EMG), were investigated on two non-small cell lung cancer cell lines, A549
expressing wild-type EGFR and H1975 expressing mutant EGFR. The result showed that
both MG and EMG exhibited cytotoxicity against A549 and H1975 NSCLC cells. However,
it should be noted that EMG displayed higher cytotoxicity than MG in both A549 and
H1975 cells. Previously, it was reported that ether analogues of mansonone G displayed
higher antiadipogenic activity higher than the parent MG (4). Moreover, ether analogues
of MG were found to have higher antibacterial activity than the parent MG (3). It was
suggested that increasing alkyl chain length on ether analogues of MG, made the
compounds more hydrophobic which could facilitate the access of compounds to
bacterial cells. Thus, it is likely that increasing number of carbon units of alkyl side chain

enhances the cytotoxicity of EMG against NSCLC cell lines.
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ROS levels are higher in cancer cells than normal cells. It is known that ROS can
generate from dysregulated mitochondria and high level of ROS can cause the oxidative
stress and damage the cellular components (98, 99). Therefore, inducing ROS generation
in cancer cells has been considered a new strategy for anti-cancer therapy. Indeed, many
chemotherapeutic drugs, including cisplatin, oxaliplatin and doxorubicin and natural
compounds such as curcumin, lawsone, shikonin, juglone and plumbagin, have been
known to induce various cancer cells to undergo apoptosis through ROS production (100-
102). Similarly, this study found that EMG induced ROS production in NSCLC cells and
N-acetylcysteine (NAC), a ROS scavenger, could prevent EMG-induced cell death in both
A549 and H1975 cells. Moreover, NAC was able to prevent apoptosis-inducing effect of
EMG in both cell lines. Taken together, these results suggest that ROS generation are
partly involved in cytotoxicity and apoptosis-inducing effect of EMG in NSCLC cells.

Most chemotherapeutic agents cause DNA damage and activate a complex
signaling network, resulting in cell cycle arrest and/or apoptosis (103). A previous study
reported that EPDMNQ and ENDMNQ, 1,4-naphthoquinone derivatives, induced A549
cell cycle arrest at the G, phase (104). In this study, treatment of A549 cells with EMG at
5 and 10 uM induced cell cycle arrest at G, phase while EMG at a higher concentration
(20 uM) induced apoptosis. In contrast to A549 cells, the result showed that EMG at 5 uM
did not induce cell cycle arrest at any phase of cell cycle in H1975 cells whereas EMG at
10 and 20 pM induced accumulation of H1975 cells in the sub-G, phase. A previous study
reported that CDDP induced G,/M cell cycle arrest in A549 cells (105). Similarly, the
present study found that cisplatin induced accumulation of A549 cells in the G,/M phase
whereas CDDP did not induce accumulation of H1975 cells in a certain phase. It is well
established that induction of the p53 tumor suppressor protein in cells can lead to either
cell cycle arrest or apoptosis (106) and loss of p53 lead to loss of cell cycle arrest after
DNA damage or physiological stresses (107). Thus, it is possible that effect of EMG on
cell cycle arrest may have been compromised by mutation of p53 in H1975 cells.

Several chemotherapeutic drugs and natural naphthoquinones induce cancer

cells to undergo apoptosis via the mitochondrial pathway (91, 108, 109). A recent study
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reported that mansonone E induced apoptosis in cervical cancer cells by downregulating
expression of anti-apoptotic proteins, Bcl-X and Bcl-2 and upregulating expression of
a proapoptotic protein, Bax (18). In the present study, EMG induced apoptosis in NSCLC
cells. Western blotting demonstrated that EMG downregulated the expression of Bcl-X,
and Bcl-2 and upregulated the expression of BAK and BAX in both A549 and H1975 cells.
Taken together, these results suggest that EMG-induced apoptosis by modulating Bcl-2
family proteins in NSCLC cells. The most common signaling cascades involved in
apoptosis is the activation of caspases. Once activated, caspases initiate cell death by
cleaving and activating effector caspases which drive the process of apoptosis (110,
111). PARP is a key nuclear enzyme involved in DNA repair (112-115) and cleavage of
PARP is considered to be a hallmark of apoptosis (111). This study found that EMG
induced PARP cleavage in both A549 and H1975 cells, highlighting the apoptosis-
inducing effect of EMG. Studies in several cancer cell types such as melanoma, ovarian
and small cell lung cancer cells have demonstrated that treatment of cells with CDDP
induced PARP cleavage and apoptosis (64, 116-118). Similarly, this study found that in
A549 cells, CDDP upregulated the expression of BAK and BAX and downregulated the
expression of Bcl-2 whereas CDDP upregulated the expression of BAK and BAX and
downregulated the expression of Bcl-X and Bcl-2 in H1975 cells. Moreover, CDDP also
induced cleavage of PARP and apoptosis in both A549 and H1975 cells.

The PI3K/AKT and MAPK/ERK signaling pathways are frequently activated in
NSCLC and play important roles in the oncogenesis through promoting cell survival,
growth, proliferation and migration. These signal transduction cascades are also known
to contribute to tumor progression and resistance to chemotherapeutic agents (119, 120).
A previous study reported that artocarpin exhibited apoptosis-inducing effect by
activating cellular protein kinases including Erk1/2, p38 and AKT in A549 cells (121).
Moreover, ellipticine was shown to induce apoptosis cell death via activation of AKT
signaling pathway in A549 cells (122). Similarly, the present study found that EMG
increased AKT phosphorylation in A549 cells. In addition to PISK/AKT pathway, EMG

could increase ERK1/2 phosphorylation in A549 cells. These findings are consistent with
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others that showed 1,2-Naphthoquinone increased EGFR phosphorylation, resulting in
activation of MAPK/ERK signaling pathway in A549 cells (123). A recent evidence
suggests that ERK can contribute to cell apoptosis through activation of caspase 3 (124).
Taken together, it is likely that anticancer of EMG may be mediated through activation of
PISK/AKT and MAPK/ERK signaling pathways in A549 cells. Notably, in contrast to A549
cells, the present study found that EMG inhibited the phosphorylation of AKT and ERK1/2
in H1975 cells. This was in agreement with previous study reported that butoxy
mansonone G significantly inhibited AKT signaling pathways in H1975 cells (125).
Moreover, it was shown that isoliquiritigenin (ILQ) induced apoptosis and inhibited
xenograft tumor growth of H1975 cells by inhibiting the phosphorylation of AKT and
ERK1/2 (126). Thus, itis possible that anticancer activity of EMG may be mediated through
modulation of PI3K/AKT and MAPK/ERK signaling pathways in NSCLC cells.

ROS are known to be involved in activation of PISK/AKT and MAPK family
members, including JNK, p38 and ERK1/2 (121, 127, 128). Previous study reported that
some natural compounds such as resveratrol, EGCG and curcumin suppressed cancer
cell growth by mediating apoptotic signaling components, including MAPKs (p38, ERK1/2
and JNK), PI3K/AKT, BAX/Bcl-2 ratio, cytochrome ¢, Apaf-1, caspase cascade (caspase
3, 8 and 9) and PARP via ROS production (129-131). Moreover, ROS have been shown to
be upstream modulators of MAPK and PISK/AKT signaling pathways during anticancer
drugs-induced apoptosis (132-134). Therefore, it is likely that ROS-mediated PI3K/AKT
and MAPK/ERK signaling pathways are involved in apoptosis-inducing effects of EMG.
The role of ROS in PISK/AKT and MAPK/ERK signaling pathways in EMG-treated NSCLC

cells needs further investigation.
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Conclusion

The present study demonstrated that EMG exerted a potent anticancer activity
against two NSCLC cell lines, A549 expressing wild-type EGFR and H1975 expressing
mutant EGFR. In A549 cells, EMG induced cell cycle arrest at G, phase and apoptosis
through modulation of Bcl-2 family proteins, Bcl-2, BAK and BAX and accumulation of
ROS level. Moreover, EMG activated PI3K/AKT and MAPK/ERK signaling pathways by
upregulating the phosphorylation of ERK1/2 and AKT. In H1975 cells, treatment with EMG
induced apoptosis through modulation of Bcl-2 family proteins, Bel-X, Bcl-2, BAK and
BAX and accumulation of ROS level and inhibited the phosphorylation of ERK1/2 and AKT.
These findings suggest that EMG may potentially be used as a novel anticancer agent for

NSCLC.



APPENDIX A
PREPARATION OF REAGENTS

1. DMEM stock solution (1 L)

DMEM powder 104 ¢
NaHCO, 3.79
ddH,O 900 mL

Adjust pH to 7.4 with 1 N HCl or 1 N NaOH
Add ddH,O to 1 L and sterilized by filtering through a 0.2 sterile membrane filter

Store at 4°C

2. RPMI 1640 stock solution (1 L)

RPMI powder 104 ¢
NaHCO, 159
Glucose 459
Sodium pyruvate 0.11g
HEPES (1M) 10 mL
ddH,O 900 mL

Adjust pH to 7.2 with 1 N HCl and 1 N NaOH
Add ddH20 to 1 L and sterilized by filtering through a 0.2 sterile membrane filter

Store at 4°C

3. DMEM high glucose stock solution (1 L)

DMEM powder 104 g
NaHCO, 3.79
Glucose 459
ddH,O 900 mL

Adjust pH to 7.4 with 1 N HCl or 1 N NaOH
Add ddH,O to 1 L and sterilized by filtering through a 0.2 sterile membrane filter

Store at 4°C

63



4. 1X Phosphate Buffer Saline (PBS) (1 L)
NaCl
KCI
KH,PO,
Na,HPO,
ddH,O
Adjust pH to 7.4 with 1 N HCl or 1 N NaOH

Add ddH,O to 1 L and sterilized by autoclaving

Store at room temperature

5. 1x Assay Buffer for Flow Cytometer (100 mL)
HEPES (1M)
CaCl, (0.1M)
NaCl (5M)
ddH,0
Store at 4°C

6. Hank’s buffered salt solution (HBSS) (1 L)
Hank balance salt powder
NaHCO,
ddH,O

Adjust pH to 7.24 with 1 N HCI or 1 N NaOH

8.065 g
02g
02g
1.15¢g

900 mL

1.0 mL
2.8 mL
2.5mL
93.7 mL

9.8¢
0.35¢
850 mL

Add ddH,O to 1 L and sterilized by filtering through a 0.2 sterile membrane filter

Store at room temperature

7. Separating buffer (500 mL)
Tris base
ddH,O
Adjust pH to 8.8 with 1 N HCl or 1 N NaOH
Add ddH,O to 500 mL
Store at 4°C

4543 g
350 mL
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8. Stacking buffer (500 mL)
Tris base

ddH,0

Adjust pH to 6.8 with 1 N HCl or 1 N NaOH

Add ddH,0 to 500 mL
Store at 4°C

9. Sample diluting buffer (SDB) (225 mL)

Stacking buffer

10% Sodium dodecyl sulfate (SDS)

Pyronin Y (0.5% stock)

Bromophenol blue (0.5% stock)

Glycerol
Add ddH,0 to 225 mL

Store at room temperature

10. 10X Laemli buffer (1L)
Tris base
Glycine
Sodium dodecyl sulfate (SDS)
ddH,0
Add ddH,Oto 1L
Store at 4°C

11. 1X Laemli buffer (1L)
10X Laemli buffer

ddH,0
Store at 4°C

15.14 g
350 mL

31.25 mL
50 mL
5mL
5mL

50 mL

30.25 g
144 g
1049
700 mL

100 mL
900 mL



12. 10X Tris-Buffered Saline (TBS) (1L)

Tris base 121¢g
NaCl 87.5¢g
ddH,O 800 mL

Adjust pH to 7.4 with 1 N HCl or 1 N NaOH
Add ddH,Oto 1L

Store at 4°C

13. 1X Tris-Buffered Saline (TBS) (1L)
10X Tris-Buffered Saline (TBS) 100 mL
ddH,O 900 mL

Store at 4°C

14. 1X Tris-Buffered Saline (TBS)/Tween buffer (1L)
Tween 20 0.5mL
1X Tris-Buffered Saline (TBS) 999.5 mL

Store at 4°C

15. 10X Transfer buffer (1L)

Tris base 309
Glycine 144 g
Sodium dodecyl sulfate (SDS) 19
ddH,O 700 mL

Add ddH,Oto 1L

Store at 4°C

16. 1X Transfer buffer (1L)

10X Transfer buffer 100 mL
Methanol 200 mL
ddH,O 700 mL

Store at 4°C



APPENDIX B
RESULTS
Appendix B-1: The cytograms of cell cycle distribution in A549 cells (EGFR wild type)
after treatment with 5, 10 and 20 pM of EMG and 10 uM of CDDP for 24 h
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Appendix B-2: Distribution of A549 cells in the cell cycle phases after treatment with 5,

10 and 20 pM of EMG and 10 uM of CDDP for 24 h

% Cell population
Treatment
Sub-G, G, S G,/M
Untreated 3.2640.75 53.97+1.38 16.29+1.65 17.27£0.75
0.2%DMSO 3.84+0.79 53.86+1.01 17.30+2.17 15.16+1.38
Cisplatin 10 uM 6.52+2.66 6.44+2.99 13.44+2.10 36.09+1.13
EMG 5 uM 5.45+1.86 64.21+0.43 11.53+1.63 11.01+2.23
EMG 10 uM 4.83+1.53 67.84+1.03 9.36+1.26 8.69+1.45
EMG 20 uM 65.99+7.01 3.86+1.15 1.72+0.11 7.28+2.57

Data represent mean+SEM from three independent experiments.
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Appendix B-3: The cytograms of cell cycle distribution in H1975 cells (EGFR mutant) after
treatment with 5, 10 and 20 uM of EMG and 20 yM of CDDP for 24 h
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Appendix B-4: Distribution of H1975 cells in the cell cycle phases after treatment with 5,

10 and 20 pM of EMG and 20 uM of CDDP for 24 h
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% Cell population
Treatment
Sub-G, G, S G,/M
Untreated 10.85+1.64 56.75+1.98 13.33+2.22 17.15+2.63
0.2%DMSO 8.9443.52 59.14+1.98 14.31+1.68 13.64+2.27
Cisplatin 20 uM 6.55+1.02 60.11+£1.93 8.85+0.42 2.78+0.53
EMG 5 uM 13.17£1.99 | 40.74+3.62 5.75+0.39 4.64+1.51
EMG 10 uM 29.00+1.65 | 28.43+2.73 5.41+0.77 3.41+0.56
EMG 20 uM 49.74+1.03 19.46+0.35 3.24+0.13 2.43+0.14

Data represent mean+SEM from three independent experiments.




Appendix B-5: Representative cytograms of cell apoptosis analysis of A549 cells after

treatment with 5, 10 and 20 uM of EMG and 10 yM of CDDP for 24 h
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Appendix B-6: The percentage of apoptotic and necrotic cells of A549 cells after

treatment with 5, 10 and 20 uM of EMG and 10 pM of CDDP for 24 h

Cell population (%)

Treatment
Alive Apoptosis | Necrosis
Untreated 89.58+0.82 | 8.98+0.98 | 1.44+0.19
0.2%DMSO 84.69+0.69 | 13.36+0.35 | 1.96+0.41
Cisplatin 10 uM | 76.78+£0.97 | 21.71+0.99 | 1.51+0.56
EMG 5 uM 79.04£2.60 | 18.88+£1.39 | 2.09+1.26
EMG 10 uM 74.91£1.51 | 24.07+£1.37 | 1.35+0.71
EMG 20 uM 17.48+4.72 | 80.70£5.10 | 1.83£0.60

Data represent mean+SEM from three independent experiments.
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Appendix B-7: Representative cytograms of cell apoptosis analysis of A549 cells after

treatment with or without 5 mM of NAC for 1 h and then treated with 5, 10 and 20 pM of

EMG and 10 uM of CDDP for 24 h
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Appendix B-8: The percentage of apoptotic cells of A549 cells after treatment with or

without 5 mM of NAC for 1 h and then treated with 5, 10 and 20 uM of EMG and 10 pM

of CDDP for 24 h

Cell population (%)

Treatment NAC 5 mM

+ -

0.2%DMSO 3.96+1.12 3.71+0.95

Cisplatin 10 uyM | 6.86+1.93 | 23.62+5.86

EMG 5 uM 3.52+1.18 7.89+2.44

EMG 10 pM 6.66+1.50 9.63+1.97

EMG 20 uM 23.33+x11.56 | 75.24+5.88

Data represent mean+SEM from three independent experiments
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Appendix B-9: Representative cytograms of cell apoptosis analysis of H1975 cells after

treatment with 5, 10 and 20 uM of EMG and 20 yM of CDDP for 24 h
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Appendix B-10: The percentage of apoptotic and necrotic cells of H1975 cells after

treatment with 5, 10 and 20 uM of EMG and 20 pM of CDDP for 24 h

Cell population (%)
Treatment
Alive Apoptosis Necrosis

Untreated 93.96+£0.85 | 5.64+0.72 | 0.40+0.17

0.2%DMSO 93.75+£1.05 | 5.97+£0.99 | 0.28+0.07
Cisplatin 20 uM | 77.6942.26 | 21.87+2.41 | 0.45+0.15

EMG 5 uM 51.58+7.05 | 45.85+7.10 | 2.57+0.23

EMG 10 uM 25.52+8.54 | 62.88+7.21 | 11.61+1.34

EMG 20 uM 5.44+1.40 | 79.16£2.61 | 15.40+1.34

Data represent mean+SEM from three independent experiments.
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Appendix B-11: Representative cytograms of cell apoptosis analysis of H1975 cells after

treatment with or without 5 mM of NAC for 1 h and then treated with 5, 10 and 20 pM of

EMG and 20 uM of CDDP for 24 h
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Appendix B-12: The percentage of apoptotic cells of H1975 cells after treatment with or

without 5 mM of NAC for 1 h and then treated with 5, 10 and 20 uM of EMG and 20 uM of

CDDP for 24 h

Cell population (%)
Treatment NAC 5 mM
4 -

0.2%DMSO 10.49+2.13 5.97+£0.99
Cisplatin 20 pM | 13.41£2.15 21.87+2.41

EMG 5 pM 30.42+£2.07 | 45.94+7.01

EMG 10 uM 40.49+5.44 62.88+7.21

EMG 20 pM 57.61£7.96 79.16£2.61

Data represent mean+SEM from three independent experiments
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