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ABSTRACT

Ovarian cancer is a major clinical problem for women due to its high impact on the quality
of life. Most patients are diagnosed when the cancer is in an advanced stage because there
Is no specific sign or symptom at the early stage of the disease. Due to the poor treatment
and inadequate screening, ovarian cancer has the highest mortality rate among
gynecologic cancers. Surgery, chemotherapy, and radiation are treatment choices for
patients. However, each method has many side effects and is highly expensive. Moreover,
a cancer relapse often occurs even after aggressive treatments. Thus, alternative medicine
is an option for some patients. Kaempferia parviflora (KP) which is found in the north of
Thailand, has potential to treat various diseases. However, the effect of KP on ovarian
cancer has not yet been investigated. We, therefore, examined the effect of KP on ovarian
cancer SKOV3 cell line. The results showed that KP extract has cytotoxic effects on
SKOV3 cells at IC50 of 0.53 £ 0.08 mg/mL with the absence of EGF and 0.63 £+ 0.08
mg/mL with the presence of EGF. KP extract at 0.05 mg/mL increased the doubling time
from 24 h to 31.7 h and showed approximately 50% reduction in wound healing. These
results suggest that KP strongly suppresses cell proliferation. KP also exhibited inhibitory

effects on cell migration evaluated by Transwell migration assay. From zymography



assay, the extract significantly reduced MMP-2 and MMP-9 activities in both absence
and presence of EGF. This suggests that KP might play a role in suppressing tumor
metastasis. Moreover, KP induced apoptotic cell death demonstrated by AnnexinV/PI
staining and flow cytometry. Moreover, nuclear labelling of cell treated with KP extract
showed plasma membrane blebling, DNA fragmentation and condensation which are
apoptotic characteristics. Furthermore, western blot analysis of caspase-3, -7, -9 and
PARP which are molecules involved in apoptosis were activated upon treatment with KP
extract. The inhibitory effect of KP on SKOV3 cells on cell growth and survival may
regulate through PI3K/Akt and MAPK pathways since the phosphorylation of Akt and
Erk1/2 was reduced. The results from this study suggest that KP might be a new candidate

for being an ovarian cancer chemotherapeutic agent.
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CHAPTER 1

Introduction
1.1 Statement and significance of the problem

Ovarian cancer is the fifth most frequent cause of gynecologic malignancies. There are
about 1,600 new cases each year in Thailand (1). Compared to others, ovarian cancer is
the poorest prognosis with five-year survival rates of 44% (2). This may be due to the
advance of the disease once diagnosed and cell types. Ovarian cancer is divided into two
types; type 1 (low- grade) and type 2 ( high- grade) in which cell morphology,
pathogenesis, genotype, rate of growth, and response to treatment are different (3). Up to
70% of all ovarian cancer cases are high-grade carcinomas which grow aggressively,
metastasize rapidly, and have high chromosomal instability(4). Since there is no specific
sign and symptom at the initial stages of cancer development, most patients are therefore
diagnosed at very late stages with distant metastasis. Conventional treatments are surgery
plus platinum- based chemotherapies such as cisplatin or carboplatin. Moreover,
additional therapeutic like taxol (paclitaxel) is regularly in used (5). Traditional therapies
are less effective as seen from the majority of patients who eventually experience drug
resistance, especially in recurrent cases. Moreover, chemotherapeutic agents have many
side effects, including severe nausea/vomiting, hair loss, and bone marrow suppression.
For these reasons, new effective drugs or alternative medicine with minimal adverse

effects are urgently required.

Kaempferia parviflora (KP) is the plant in a family of Zingiberaceae known as Thai black
ginger or krachai dum. It has many pharmacological effects such as sexual enhancement,
anti-gastric ulcer, anti-allergic, and anti- plasmodial properties. Specifically, for anti-
cancer effect, several studies have shown that KP suppresses multidrug resistance
associated proteins (MRP) in A549 cells (lung carcinoma cell line) (6), induces apoptotic
cell death, and enhances doxorubicin or paclitaxel treatment in promyelocytic leukemic

cancer cell line (7). However, the effect of KP on ovarian cancer has not yet been



explored. Therefore, this present study aims to evaluate the anti-cancer properties of KP
on high-grade ovarian cancer cell line (SKOV3). The effects for KP on cell viability
assay, cell cycle analysis, zymography, apoptotic assay, cell migration assay, and
immunofluorescence study in SKOV3 were investigated. Furthermore, the molecular
signaling related to cell proliferation (MAPK pathway), cell survival (Akt) and cell death
(caspases) were also performed to find the mechanism of KP on SKOV3 cell suppression.
We hypothesized that KP has a potential to suppress ovarian cancer cell growth and
induce cell death which may be a good candidate for alternative treatment of ovarian

cancer.

1.2 Literature Review

1.2.1 Ovarian cancer

Ovarian cancer (OV cancer) is a malignant tumor in the ovaries, one of the female
organ in reproductive system. The ovaries produce eggs and hormones estrogen
and progesterone which control the menstrual cycle. In a lifetime, a woman has
about 1 in 55 risk of getting ovarian cancer without a family history (8). There are
many risk factors including elder age, inherited faulty genes ( BRCAl and
BRCAZ2), history of breast cancer, hormone replacement therapy, talcum powder,
and obesity (9) that contribute to OV cancer development. In general, early stage
of OV cancer in most patients are asymptomatic, however, some symptoms such
as nonspecific abdominal discomfort such as bloating and abdominal pain, eating

less, and pelvic pain could be noticeable (10).

OV cancer cells can be originated from supportive tissues called sex-cord stromal
cells that produce hormones. This cancer type is very rare (7% of all primary OV
cancers) (11). The germ cell type occurs approximately 10% of all OV cancers.
More than 90% of OV cancer is developed from epithelial cells. Epithelial ovarian
cancer (EOC) is divided into 2 major types which are high-grade (type I tumor)
and low-grade (type Il tumor) carcinomas. High-grade tumor has a high frequency
of mutations in the epidermal growth factor receptor (EGFR) and HER2 genes

(12). They present unregulated inhibition of apoptosis signaling molecules,



particularly Akt which are strongly associated with the preference of high grade
tumor. Moreover, high-grade tumor is also associated with aggressive tumor
invasion and distant metastasis. The ability of tumor invasion is linked to many
factors including the matrix metalloproteinases (MMPs) which are zinc-
dependent endopeptidases that have proteolytic activity to degrade proteins
especially basement membrane and extracellular matrix (ECM). These enzymes

promote tumor invasion and progression (13, 14).

1.2.2 Human epithelial ovarian cancer cell line (SKOV3)

SKOV3 cells are ovarian adenocarcinoma cells which have epithelial- like
morphology and closely similar to high grade serious ovarian carcinomas (15) that
are resistant to tumor necrotic factor ( TNF) and to several cytotoxic drugs
including diphtheria toxin, cisplatin, and adriamycin (16). Therefore, SKOV3

cells are considered to be an aggressive type among OV cancer cell lines.

SKOV3 cells show a TP53, PIK3CA, and BRCA1 mutations (15, 16). SKOV3
cell lines contain microsatellite instability (MSI) which is more often seen in the

mucinous and endometrioid subtypes (16)

Figure 1.1 Morphology of SKOV3 cell line (17) observed by phase contrast

microscopy

1.2.3 Signal transductions involved in ovarian cancer

Cellular signal transduction is the process by which cells recognize external

stimulation and then communicate through several downstream signaling



molecules within the cell. The signals can be transferred via many mechanisms
such as phosphorylation or dephosphorylation by kinase or phosphatase enzymes,
respectively (18). These signal transductions are responsible for cell proliferation,
cell growth, cell migration, cell survival, and cell death. These signal transduction
pathways are regulated under certain condition to have normal function within the
cell. However, imbalance or dysregulation in some signaling molecules finally

causes the development of many diseases including OV cancer.

A family of cell surface receptors which are associated with ovarian cancer is the
receptor tyrosine kinases (RTKs) that can be activated by growth factors,
hormones, cytokines, and other extracellular signaling molecules. The RTK
family encloses various subfamilies that consist of hepatocyte growth factor
receptors (HGFRSs), proto-oncogene c-KIT, fibroblast growth factor receptors
(FGFRs), vascular endothelial growth factor receptors (VEGFRs) and epidermal
growth factor receptors (EGFRs) (19, 20). EGFRs or erbB receptor family are
pronounce in ovarian cancer. It is expressed in 10-70% of ovarian carcinomas and
plays important role in regulating the growth and cell division, cell survival,
motility, invasion and tumor angiogenesis (21). There are four types of erbB1
(EGFR / HERL1), erbB2 (HER2 / neu), erbB3 (HER3) and erbB4 (HER4) (22).
Binding of EGF to EGFR leads to stimulation of the mitogen-activated protein
kinase ( MAPK) pathways through the Ras effector, signal transducer and
activators of transcription, and the phosphatidylinositide- 3-kinase ( PI13K)/AKT
pathway, which eventually results in activation of proteins involved in cell cycle,
cell survival, and cell death (23)(24). Mutations occurring in signal molecules of
RTK pathway in particular PI3K/ Akt and MAPK often lead to a variety of

carcinomas (20).

Signals of MAPK in mammals are divided into 4 groups; Extracellular signal-
regulated kinases (ERKSs), C-Jun N-terminal kinases (JNKs), p38, and ERKS5.
Activation of growth factors and mitogens ERK signaling is involved to many
types of carcinomas (25). Upon RTK activation, Son of seven (SOS) is recruited

to the plasma membrane which further activates the Ras which has GTPase



activity. Ras-GTP provides the binding sites for Raf, which is a serine/threonine
kinase. Raf then activates the phospholipase C which further phosphorylates and
activates ERK1/2 (Fig.1.2) (12, 20). ERK2 plays a role in Ras-dependent
signaling in cell division while ERK1 affects to all signaling of the cell. The
activation of ERK also plays a role in cell-division cycle which is composed of
Go, G1, S, G2, and M phases. The Go phase is a period of cells that is in resting
state before moving to G; phase. Cells start to prepare mRNA and protein at this
stage in order to have materials ready for S phase. The synthesis or S phase is a
period of DNA synthesis for cell duplication. The mitosis or M phase is the stage
of cells that has double amount of DNA which is ready to separate from one to
two cells. It has been known that ERK stimulates cell activity from G1 to S and
works with PI3K to stimulate cells from G2 to M (Fig.1.3). Besides MAPK, the
cycle of cell is controlled by the kinase protein called cyclin dependent kinases
(CDKs) which are activated by specific cyclins by phosphorylation process. There
are several types of cyclins involving in cell cycle. Cyclin D, cyclin E, cyclin A,
and cyclin B control G; phase, G1 to S phase, S phase to G, phase, and G2 to M
phase, respectively (26, 27).

In addition to MAPK pathway, the PI3-kinase/AKT pathway is also overactivated
in OV cancers. Upregulation of AKT in cancer enhances neovascularization,
increases invasion, and raises resistance to chemotherapeutic agents. Moreover,
activated AKT can suppress apoptosis (20). The activation of this pathway starts
with binding of specific ligands to the tyrosine kinase receptor on the cell surface
that causes in matching and phosphorylation at the amino acid position of the
receptor (Fig.1.2). The PI3K is then recruited to the plasma membrane. After
PI3K is activated, it further phosphorylate PIP2 to PIP3. PIP3 then pulls the AKT
to the plasma membrane via the PH domain. AKT is activated by adding two
phosphate groups at threonine 308 (T308) of the kinase domain and serine 473
(S473) of the regulatory domain. Activated AKT acts as a mediator for stimulating
and inhibiting downstream targets such as the glycogen synthase kinase 3 (GSK-
3) enzyme. After phosphorylation, the GSK-3 becomes inactive. The AKT/GSK-

3 pathway is involved in cell survival and in the regulation of apoptosis (28) (29).
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1.2.4 Apoptotic signal transduction pathway

Apoptosis is a programmed cell death that plays an important role in the
development and maintenance of cellular balance in the higher organisms.
Abnormalities in apoptotic pathway lead to many diseases or pathologies
especially the suppression of apoptosis which results in development of cancer or
autoimmune diseases. Apoptotic cells are manifested as membrane blebbing,
chromatin condensation, DNA and nuclear fragmentation. Apoptotic cells can be
caught by macrophage without causing inflammation. In contrast, necrosis shows
massive inflammation due to cytokines leakage. Therefore, apoptosis is a
preferential process for inducing cancer cell death. Apoptotic pathway is
composed of two main pathways; extrinsic and intrinsic pathways. The extrinsic
or death receptor pathways are activated through the binding of external ligands
such as tumor necrosis factor - (TNF-p), Fas ligand, TNF-related apoptosis-
Induction ligand (TRAIL) to the death receptors (Fig.1.4). Binding of the death
ligand to its receptor results in the aggregation of FADD, TRADD receptor
molecules which further stimulates caspase-8. Caspase-8 activation leads to the
production of enzyme caspases-3, -6, and -7 enzymes which digest their substrates
and eventually cause apoptosis. Another pathway is the intrinsic pathway or
mitochondrial pathway which is caused by the release of cytochrome c¢ protein
from mitochondria into the cytoplasm. The cytochrome ¢ form a complex with
Apaf-1 protein, ATP and procasepase-9 called apoptosome that further stimulates
caspase-3, -6, and -7 activation. Some of the mitochondrial proteins, such as
Smac, are inhibited by inhibitors of apoptosis proteins (1APs) which inhibit
caspase-3, -6, and -7 (Fig.1.4) (30). In addition, survival signals have been shown
to increase the expression of apoptotic-resistant proteins or antiapoptotic proteins
such as Bcl-2, Bcl-xL. These proteins inhibit the release of cytochrome ¢ whereas
proapoptotic proteins, such as Bid, Bax, and Bak stimulate releasing of
cytochrome ¢ from the mitochondria (Fig. 1.4)(31). Caspase is able to cleave
many major cellular substrates such as PARP, poly ADP ribose polymerase which
is normally involved in DNA repair process. Cleavage of PARP normally results
in inactivated PARP which can cause DNA degradation (32, 33).
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1.2.5 Anti-ovarian cancer agents

Chemotherapeutic drugs are agents used for cancer treatment. The agents used for

OV cancer are summarized as follow (Fig. 1.5):
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Figure 1.5. Long term treatment strategy for OV cancer using various anti-
cancer drug combinations (34)

1.) Platinum agents
Cisplatin ( Platinol®; Bristol- Myers Squibb; Princeton, NJ) is a metallic
(platinum) coordination compound with a square planar geometry (35). This
agent is used as a first-line drug or second-line therapy for sensitive OV cancer
and drug- resistant OV cancer, respectively. Side effects of cisplatin are
nephrotoxicity, ototoxicity, gastrotoxicity, and neurotoxicity (36). The
mechanisms of cisplatin are induction of DNA damage, inhibition of DNA

synthesis and mitosis, and induction of apoptosis (35).



2.) Paclitaxel

Paclitaxel (Taxol®; Bristol-Myers Squibb Princet, NJ) is a nonplatinum-based
cytotoxic agent which has been used as the first-line treatment for advanced
OV cancer (36). Adverse effects of this drug consist of hypersensitivity,
diarrhea, alopecia, nausea, vomiting, and mucositis (37). Additionally, The
cumulative peripherals nerve are neurotoxicity, peripheral neuropathy,
myalgia and arthralgia (36). The drug has a specific binding site on the
microtubule polymer and blocks cells in the G2/M phase of the cell cycle and
the prophase of mitosis (38, 39).

3.) Oral etoposide
Etoposide (VVePesid®; Bristol-Myers Squibb Princet, NJ) is attributed to break
cellular DNA Dby interactions with DNA topoisomerase Il or through the
formation of reactive free radicals. The drug which is the second-line therapy
for advanced OV cancer is a derivative of the plant lignin podophyllotoxin.
The most common adverse effects are severe hematologic toxicities for long

term use and anaphylaxis, mucositis, and acute hypo- and hypertensive (36).

4.) Liposomal Doxorubicin
Doxorubicin ( Rubex®; Bristol- Myers Squibb) is an anthracycline drug
extracted from Streptomyces peucetius var. caesius. This agent intercalates
into the DNA structure and breaks topoisomerase I1-mediated DNA repair and
generates free radicals causing damage to cellular membranes, DNA and
proteins (40). Doxorubicin therapy is associated with cumulative

cardiotoxicity, and hematologic toxicity (36).

5.) Topotecan
Topotecan (Hycamtin®; GlaxoSmithKline; Philadelphia, PA) a water-soluble
derivative of camptothecin which plays a role as an inhibitor of topoisomerase
I, an enzyme essential for DNA replication (41). The drug prevents re-ligation
of the single-stranded breaks (36).
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6.) Gemcitabine
Gemcitabine (Gemzar®; Eli Lilly; Indianapolis, IN) acts by inhibiting DNA
synthesis which eventually prevents the progression of cells to the G1/S-phase
of the cell cycle (42). This agent is a synthetic nucleoside analogue and used
in combination with platinum as the second- line therapy. Its adverse effects

include cardiac and pulmonary toxicities.

Most chemotherapy drugs exhibit many adverse effects, and they are less effective
in the treatment of OV cancer (34). Moreover, resistant to these chemotherapies
are commonly observed. Therefore, it is always a good idea to seek for alternative
and complementary therapies from herbs which may be less toxic and effective

for OV cancer treatment.

1.2.6 Kaempferia parviflora (KP)

KP is an herb in the Zingiberaceae family found in India, Myanmar, Thailand
(Loei, Tak, Kanchana Buri, and other northern provinces). It is commonly known
as “Thai black ginger, or Krachai dum”. Its rhizome is normally used in traditional
medicine. This plant has simple leaf with deep violet color, oval, or elliptical

shape. The flower is inflorescence appearing and can be white or pink (Fig. 1.6).

Figure 1.6. Leaves (A), rhizomes (B), and flowers (C) of Kaempferia parviflora
(43)

KP is famous in enhancing sexual activity in male (44). In addition, it has been

previously demonstrated to have several pharmacological effects including anti-
plasmodial (45), anti-fungal (45), anti-mycobacterial (45), anti-gastric ulcer (45),

11



anti-allergic (46), anti-acetylcholine-esterase (AChE) activities (47), and anti-
cancer (6, 45, 48). It has been reported that major bioactive flavonoids of KP,
called “polymethoxyflavones (PMFs)” possesses inhibitory biological activities
(Fig. 1.7). (45, 48) PMFs of KP have been studied for its anticancer activity in
may cancer cell lines; for example, human cervical cancer cell line (HelLa)
(48), human gastric adenocarcinoma cell line (AGS) (48), lung carcinoma cell
line (NCI-H187, A549) (6, 45), breast cancer cell line (BC) (45), oral human
epidermoid carcinoma cell line (KB)(45), promyelocytic leukemic cell line (HL-
60, U937) (7, 49), and colorectal carcinoma cell line (HCT-15) (50). However,
there has been no report for the anticancer activity of KP in OV cancer cell line
(SKOV3).

Compound R Ry R: Ry Rs Re
5,7-Dimethoxyflavone H OCH; H H H H
5,74~ Trimethoxyflavone H OCH; H H H OCH;
5,7.3' 4 Tetramethoxyflavone H OCH; H H OCH; OCH;
S-Hydroxy-7-methoxyflavone H OH H H H H
5-Hydroxy-7,4"-dimethoxyflavone H OH H H H OCH;
5-Hydroxy-3,7-dimethoxyflavone OCH; OH H H H H

5-Hydroxy-

-trimethoxyflavone OCH; OH H H H OCH;

5-Hydroxy-3,7,3' 4-tetramethoxyflavone OCH;: OH H H OCH; OCH;
3,5,7-Trimethoxyflavone OCH;: OCH; H H H H

3,5,74" letramethoxy flavone OCH; OCH; H H H OCH;
3,5,7.3' 4-Pentamethoxyflavone OCH; OCH; H H OCH; OCH;

Figure 1.7. The major structures of PMFs in KP (48)

1.2.7 Pharmacological effects of KP

1.) Sexual activity
There is a study showing that the KP extract at 240 mg/kg reduced the time in
the first 10 minutes of rat courting behavior. All dosages have no effect on

kidney and liver function, but the histopathological study showed a
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morphological change in the liver. Therefore, safety in human needs to be

verified before use (44).

2.) Anti-fungal activity
3,5,7,4'-tetramethoxyflavone and 5,7,4'-trimethoxyflavone active flavonoids
of KP have been shown to have antifungal activity against Candida albicans
with 1C50 values (determined by formazan assay) of 39.71 and 17.63 pg/mi,
respectively (45).

3.) Anti-plasmodial activity
Micro-dilution radioisotope technique revealed that the active flavonoid of KP
named 5,7,3',4'-tetramethoxyflavone and 5,7,4'-trimethoxyflavone exhibit
anti- plasmodial activity against Plasmodium falciparum with 1C50 values of
3.70 and 4.06 pg/ml, respectively (45).

4.) Anti-mycobacterial activity
The study using Micro- Alamar Blue assay for anti- mycobacterial activity
demonstrated that 5,7,4" - trimethoxyflavone and 3,5,7,4" -
tetramethoxyflavone” ulcer activity. Oral administration of the KP extract at
30, 60, and 120 mg/kg inhibited significant gastric ulcer formation activated
by indomethacin, HCI/EtOH and water immersion restraint-stress in rats. In
ethanol-induced ulcerated rats, gastric wall mucus was fermented significantly
by the KP extract pretreatment at doses of 60 and 120 but not at 30 mg/kg.

Moreover, the ethanolic extract of KP inhibited gastric acid secretion (51).

5.) Anti-allergic activity
Previous studies reported that the powder of KP can be used to treat allergy
and asthma. The isolated active compound 5- hydroxy- 3,7,3",4'-
tetramethoxyflavone, had the highest anti-allergic activity against antigen-
induced beta- hexosaminidase release.  The 5- hydroxy- 3,7,3',4'-
tetramethoxyflavone and 5- hydroxy- 7- methoxyflavone inhibited cell

degranulation which is involved in Ca?" influx to the cells (46)
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6.) Anti-acetylcholine-esterase (AChE)
The rhizome of KP significantly showed acetylcholinesterase (AChE) and
butyrylcholinesterase  (BChE) inhibitory activities. The 5,7,4'-
trimethoxyflavone and 5,7-dimethoxyflavone exhibited the highest potential
inhibition of AChE and BChE with the percentage inhibitory activity of 43-
85%. However, only 5,7-dimethoxyflavone exerts strong selectivity for AChE

inhibition which is preferred in the treatment of Alzheimer's disease (47).

7.) Anti-cancer activity

8.1.) Lung carcinoma cell line
The effects of KP extracts on multidrug resistance associated- proteins
(MRP) - mediated transport in A549 cells were evaluated. The
accumulation of calcein and doxorubicin by KP ethanol extract for MRP
function was better than that of the KP aqueous extract. The 5,7-
Dimethoxyflavone isolated from KP had a maximal induced effect on the
accumulation of doxorubicin in A549 cells. This study examined that KP
extracts suppressed MRP function which may be helpful for improving

multidrug resistance in cancer cells (6).

8.2.) Promyelocytic leukemia
The study showed that KP extract has cytotoxicity and apoptotic effects
on HL-60 cells in a concentration- and time- dependent manner (49).
Combination of KP extract with chemotherapeutic drugs, doxorubicin or
paclitaxel, showed synergistic effect for reducing mitochondrial
transmembrane potential in the human promonocytic leukemic U937 cell
line (7).

8.3.) Human colorectal carcinoma
This study focused on anticancer activity of the three KP compounds;
574" - trimethoxyflavone (TMF) , 5- hydroxy- 3,7,3' 4" -
tetramethoxyflavone (5- H- TeMF) and 5,7,4' - tetramethoxyflavone
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(TeMF). The authors showed that the compounds were toxic to human
colorectal carcinoma (HCT-15) cells. Induction of caspase-3 which are

the executor for cell death were shown in the cells treated with KP

compounds (50).

1.3 Objective of this study/Hypothesis

1.3.1 To investigate whether Kaempferia parviflora ethanol extract is
cytotoxic to ovarian cancer cell line, SKOVa3.

1.) KP ethanol extract has cytotoxicity to ovarian cancer cell line, SKOV3.

1.3.3 To further investigate the effect of Kaempferia parviflora ethanol extract
on cell proliferation, cell metastasis, and cell death in ovarian cancer

cell line, SKOV3.

1.) KP ethanol extract decreases cancer cell proliferation, reduces metastasis,

and increases cell death in ovarian cancer cell line, SKOV3.

1.3.3 To determine signal transduction pathways and underlying mechanisms
of inhibitory effects of KP to cell growth, survival, and motility in

SKOV3.

1.) The inhibitory effect of KP ethanol extract is via suppression of AKT and
MAPK signal molecules.
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CHAPTER 2

Materials and methods

Kaempferia parviflora (KP)

ﬁ
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Figure 2.1. Methodology of the study

2.1 Preparation of KP crude extract

The plant used in the current study was from the area of Chiang Dao District of Chiang
Mai. The plant has been identified using plant taxonomy methodology performed by
Associate Professor Dr. Somporn Putiyananta, Faculty of Pharmacy, Chiang Mai

University. The voucher specimen of KP has been identified by Assistant Professor Dr.
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Angkana Inta. The dried plant samples were kept at the herbarium at the Faculty of
Pharmacy, Chiang Mai University. Moreover, techniques in molecular biology were used
to verify the species of the plant by Assistant Professor Dr. Siriporn Rotarayanont and
Assistant Professor Dr. Masalin Osathanunkul from Department of Biology, Faculty of
Science, Chiang Mai University. The rhizomes of the plant were extracted using ethanol,
and the extracted chemicals were quantified by Assistant Professor Dr. Pitchaya
Mungkornasawakul, Department of Chemistry, Faculty of Science, Chiang Mai
University. Briefly, the rhizomes of KP were cut into small pieces and extracted with
95% ethanol at room temperature for 3 days. Then, the ethanolic extract was filtered. The
extract was evaporated to eliminate the solvent under reduced pressure. The KP
extraction had yielded 9.85% dry weight of KP rhizomes. The plant ethanolic extraction
was prepared by dissolving 1 g of KP ethanolic extract with 1 ml of 100% DMSO
(dimethyl sulfoxide) to make a 1 g/ml stock concentration. The KP stock was pre-diluted
in the medium prior to each treatment. Each experiment was performed with three
independent batches of KP extract. The final concentration of DMSO was maintained

below 0.5% v/v throughout the experiment.

2.2 Cell culture

The human ovarian cancer SKOV3 cell line (ATCC, USA) maintained in complete media
which composed of RPMI-1640 medium (Gibco, USA), 10% fetal bovine serum (FBS)
(Gibco BRL, USA) and 100 U/ml penicillin-100 pg/ml streptomycin (Caisson, USA) and
incubated at 37°C in a humidified 5% CO> atmosphere. The cells were sub-cultured at

70%-80% confluent by 0.1%trypsin. The complete media were changed every 2-3 days.

2.3 Cell viability assay

The cytotoxicity of KP on SKOV3 cells was performed by MTT (3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyl tetrazolium bromide). Cells were seeded at a density of 1x10*cells
per well in 96-well plates in complete media overnight at 37°C in a humidified 5% CO-
atmosphere. Then, cells were divided into two groups; vehicle control group and

treatment group. For treatment group, cells were incubated with complete media
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containing different concentrations of KP extract ranging from 0-1 mg/ml with or without
the presence of 100 ng/ml of EGF in quadruplicate for 24 h at 37°C in a humidified 5%
CO, atmosphere. Since DMSO was used to solubilize KP extract, we therefore used
DMSO as a vehicle control. DMSO was diluted in medium to obtain the concentrations
corresponding to those DMSO concentrations (0.006-0.1%) present in the KP treatment
groups with or without the presence of EGF. The condition of cell incubation was similar
to that in the treatment groups. After 24 h of incubation, 12.5 pl of 0.5 mg/ml MTT
reagent (Applichem GmbH, Germany) was added to each well containing 100 ul of
complete cells media, and the plate was incubated for 1-3 h at 37 °C until the purple color
of formazan crystal is visible. The suspension was aspirated, and 100 ul of DMSO was
added to stop the reaction and dissolved the formazan crystal. Finally, the intensity of
MTT reaction was measured by Synergy™ H4 Hybrid Multi-Mode Microplate Reader at
570 nm of absorbance. Cell viability assay was performed in 3 individual experiment.

2.4 Determination of the duplication time of SKOV3 cells

Cells were plated in 24-well plates at a density of 5 x 10* cells/well in complete media.
KP extract at non-toxic concentrations (0, 0.01, 0.025, and 0.05 mg/ml) obtained from
the MTT assay was used to treat the cells. Cells were counted for the total number of cells
using a hemocytometer at different time points including 0, 24, 48, 72, and 96 h. A
specific time for cell duplication was calculated as the following formula;

Doubling time = (Timexlog2)/log (final number)-log (initial number).

2.5 Gelatin zymography

MMP-2 and MMP-9 levels were evaluated by gelatin zymography. Cells were seeded at
a density of 3 x 10° cells/ml and cultured in complete media in 3-cm culture dishes for 24
h at 37°C, 5% CO>. Then, cells were washed with PBS and treated with different
concentrations of KP extract (0, 0.01, 0.05, and 0.1 mg/ml) with or without EGF (100
ng/ml) in complete media for 24 h at 37°C, 5% CO.. Next, the supernatants were collected
and separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) containing 0.1 mg/mL of gelatin B (Bio-Rad Laboratories, Hercules, California,

USA) under a non-reducing condition in a cold condition. After electrophoresis, the gels
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were washed twice in 2.5% TritonX-100 for 60 min at room temperature and then rinsed
with 10 mM Tris, pH 8.0 for 2 min. Then, the gels were incubated overnight at 37°C with
gelatinase buffer (50 mM Tris, pH 8, 5 mM CaClz and 10° M ZnCl,). After incubation,
the gels were stained with 0.5% (w/v) Coomassie brilliant blue R250 ( Bio- Rad
Laboratories) in 50% methanol and 10% glacial acetic acid and destained with destaining
solution (10% acetic acid and 50% methanol). The bands of gelatinolytic activity were
detected as clear zone bands on a blue background, indicating the digestive activity of

MMP-2 or MMP-9 and analyzed using ImageJ software.

2.6 Cell cycle analysis

Percent of cells in GO/G1, S, and G2/M phases of the cell cycle using cell cycle analysis
was performed. Cells were seeded in 3-cm culture dishes at a density of 5 x 10° cells/ml
in complete media for 24 h at 37°C, 5% CO.. Before treating cells with the KP extract,
media was changed to serum- free media ( SFM, RPMI without FBS) to acquire
homogenous cells at the same starting point in the cell cycle. Cells were then treated with
KP extract at different concentrations (0, 0.01, 0.025, and 0.05 mg/ml) in complete media
and incubated for at least its duplication time at 37°C, 5% CO>. Then, cells were harvested
into centrifuge tubes and washed twice with cold PBS. Cells were centrifuged at 300 g
for 5 min and then fixed with 70% ethanol on ice for at least 1-2 h at 4°C. Cells were
subsequently centrifuged for 5 min at 300g and washed one time with cold PBS. Finally,
the cell pellet was resuspended in 200 ul of cell cycle guava reagent (Merck), kept in the

dark at room temperature for 30 min, and measured by flow cytometry.

2.7 Cell migration

A 24-multiwell insert plate (8 um) (SPL Life Sciences, South Korea) was used to confirm
the effect of KP on suppressing cell migration. Cells were seeded on the upper chambers
at a density of 3x10° cells/ml with complete media in a 24-well plate for 24 h. Then, cells
in the upper chamber were treated with non-cytotoxic concentrations of KP (0, 0.01, 0.05
and 0.1 mg/ml) in serum-free media, and the upper chambers were put into the (lower)
wells containing RPMI with 5% FBS and incubated for 24 h (Fig. 2.2). The invading or
migrating cells were fixed with absolute methanol for 5 min and then stained with 0.5%
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crystal violet for 15 min. The upper chambers were washed for 3 times with water, and
cells attached to the surface of the chamber were removed with a cotton swab and the
stained cells attached at the other site of the chamber were captured under microscope.

The amount of migrated cells were determined by ImageJ free software.

Plate well _-.—‘ D Transwell insert

Membrane pore

l ———Seeded cells

Migrated cells _E.@ 'W

Figure 2.2. Cell migration was performed by Trans well plate (52)

2.8 Wound healing assay

Cell migration was confirmed by wound healing assay. Cells were seeded at a density of
3 x 10° cells/ml and cultured in 24-well plates for 24 h in complete media in 3-cm culture
dishes for 24 h at 37°C, 5% CO,. A scratch wound was made by using 200 pL pipette tip.
Then, cells were treated with different concentrations of KP extract (0.01, 0.05, and 0.1
mg/mL) for 24 h. Images of the scratched wounds were captured at different time points
(0, 12, and 24 h). The closing of scratched wounds was considered to be the completion
of the migration process. The migrated areas were analyzed and determined using the

ImageJ software.

2.9 Trypan blue exclusion test

Cells were plated in 24-well plates at a density of 5 x 10* cells/well in complete media
and incubated for 24 h at 37°C, 5% CO>. Cells were incubated with different cytotoxic
concentrations (0, 0.05, 0.1, and 0.25 mg/mL) of KP extract and harvested after 3, 6, 12,
24, and 48 h of incubation. Cells were trypsinized and washed. Trypan blue solution
(Gibco, USA) was added to the cell suspensions in a ratio of 1:1. Then the average of
total cell number was counted from 4 areas of a hemocytometer. Dead cells stained in

blue were counted. The percentage of living cells and dead cells was calculated.
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2.10 Cell apoptosis assay

SKOV3 cells were seeded at a density of 3 x 10° cells/ml in 3-cm culture dishes and
cultured in complete media for 24 h at 37°C, 5% CO>. Then, cells were washed with PBS
and incubated with different concentrations of KP extract (0, 0.1, 0.3, 0.5 mg/ml) for 12
h at 37°C, 5% COa. Then, cells were harvested and centrifuged at 300g for 2 min. Cells
were washed with PBS and resuspended in 100 pl 1X annexin V-FITC binding buffer
(50 mM Tris-HCI (pH 7.5), 5 mM EDTA, 0.5 mM DTT, 50% glycerol). Then, 7 pl of
annexin V-FITC and 1 pl (ImmunoTools, Germany) of propidium iodide (PI) (Sigma
Aldrich) was added and incubated for 15 min in the dark at room temperature. Finally,
400 pl of 1X annexin V-FITC binding buffer was added before the evaluation by flow
cytometer.

2.11 Nuclear staining

Cells were seeded at a density of 5 x 10° cells/well on glass cover slips in 3-mm cell
culture dishes and cultured in complete media for 24 h at 37°C, 5% CO,. Then, cells
were treated with KP extract at different cytotoxic concentrations (0.1, 0.3, and 0.5
mg/ml) in complete media. Cells were then fixed with 4% paraformaldehyde/PBS at
room temperature for 15 min and then rinsed with PBS for 3 times. Then cells were
incubated with 5 pg/ml of Hoechst 33342 (Thermo Fisher Scientific. Thailand) in PBS
for 1 h. The sample slides were washed twice with PBS for 5 min and then with distilled
water for 5 min. Finally, 8 ul of the fluoromount media (SouthernBiotech, United States)
was added before observed by a fluorescent microscope, AX70 Olympus R, Japan, with
40x magnification, and micrographs were captured with the DP-BSW Basic Software for

the DP71 microscope digital camera.

2.12 Western blot analysis

SKOV3 cells were seeded at a density of 3 x 10° cells/ml in 3-cm cell culture dishes and
cultured in complete media for 24 h at 37°C, 5% CO.. Cells were serum-starved with
serum free media (SFM) overnight before treating cells. Then, cells were treated with KP

extract at non-toxic concentrations (0.01 and 0.05 mg/mL for evaluating the relevant
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signaling) for 6 h and 100 ng/ mL EGF was added to the wells 15 min before harvesting
cells. For evaluating apoptotic signaling molecules, cells were treated with KP extract at
toxic concentrations (0.1, 0.3, and 0.5 mg/mL for caspase activation). Cells were lysed in
300 pL of 1X lysis buffer (50 mM Tris-HCI pH 6.8, 2% SDS, 10% glycerol, 1% B-
mercaptoethanol, 12.5 mM EDTA, and 0.02 % bromophenol blue). The proteins were
separated in 10% SDS- PAGE for 90 min at 140 V and transferred to PVDF
(polyvinylidene difluoride) membranes for 120 min at 100 V (Immobilon-P; Millipore,
Bedford, MA) in a cold condition. The membranes were blocked with 5% skim milk in
PBS for 1 h at room temperature. Then, the membranes were incubated with primary
antibodies (1:10000 of anti-3-actin, 1:5000 of anti-pERK1/2, 1:5000 of anti-pAkt, 1:5000
of anti-ERK1/2, 1:5000 of anti-Akt, 1:3000 of caspase-3, or caspase-7, or caspase-9, or
PARP) at 4°C overnight. Anti-[3-actin was obtained from US biological (USA) and the
remaining antibodies were purchased from Cell Signaling Technology (USA). After
washing 3 times with Tris buffer containing 0.05% tween-20 (TBST), the blots were
followed by the incubation with an 1: 5000 of anti- mouse Ig conjugated with
IRDye®800CW or an 1:5000 of anti-rabbit g conjugated with IRDye®680RT for 2-3 h,
at room temperature. Finally, the protein bands were captured by Odyssey® CLx
Imaging System (LI-COR Biosciences, NE, USA) and the immunoreactive band intensity

was quantified by Image Studio Lite software.
2.13 Data Analysis and Statistical Methods
All data from the experiment were expressed as the mean + standard deviation (SD). One-
way ANOVA was used to determine the statistical significance of the difference between

the values of various experimental and control groups. Then, post hoc least-significant

difference (LSD) test with p values less than 0.05 was considered significant.
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CHAPTER 3

Results

3.1 The cytotoxic effect of KP ethanol extract on human ovarian cancer cell line
(SKOV3)

The cytotoxicity effects of KP ethanol extract on SKOV3 cell line were evaluated using
the MTT assay, as shown in figure 3.1. The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) tetrazolium assay is a colorimetric based-method for
measuring cellular metabolic activity. In viable cells, the mitochondrial reductase can
convert a yellow tetrazole of MTT into a purple formazan product which can be further
quantified by spectrophotometer with an absorbance of 540-570 nm (53). When cells die,
they lose an ability to convert MTT into purple formazan. Therefore, the intensity of

purple color reflexes the amount of living cells.

In the present study, various concentrations of KP ethanol extract (0.006-1 mg/ml) were
applied to determine its cytotoxic effect on SKOV3 cell for 24 h. We found that KP
ethanol extract significantly decreased cell viability in a concentration-dependent manner
when the concentration was in the range of 0.09 mg/ml - 1 mg/ml (Fig.3.1A). The half
maximal inhibitory concentration (IC50) value was at 0.53 + 0.08 mg/ml. Since the
epidermal growth factor receptor (EGFR) is often exhibited in human carcinomas and
associated with the progression and pathogenesis of ovarian cancer (54), we therefore
incubated cells with KP extract with the presence of 100 ng/ml EGF and determined
cytotoxic effect of KP extract. We demonstrated that with the presence of EGF, KP
ethanol extract still significantly inhibited SKOV3 cell viability in a concentration-
dependent manner which was in the range of 0.2 mg/ml to 1 mg/ml (Fig.3.1B). The IC50
of KP extract with the presence of EGF was 0.63 = 0.08 mg/mL which is similar to IC50
of KP ethanol extract alone. These results indicates that KP ethanol extract has an ability
to decease ovarian cancer cell proliferation in both presence and absence of EGF

induction. Since DMSO was used as a solvent to dissolve KP ethanol extract, we also
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evaluated the cytotoxic effect of DMSO in SKOV3 and showed that DMSO at all

concentrations relevant to the doses of KP did not affect cell viability.

From MTT assay, we chose non-toxic concentrations of KP ethanol extract (< 0.1 mg/ml)
for cell counting, gelatin zymography, cell migration assay, and protein analysis of signal
transduction molecules involved in cell proliferation and survival pathway, whereas toxic
concentrations (> 1 mg/ml) were chosen for cell death evaluation including nuclear

staining, apoptosis, and caspase induction.
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Figure 3.1 The cytotoxicity effect of different concentrations of KP ethanol extract on
SKOV3 cells without EGF (A) and with 100 ng/ml EGF (B). All data were from 3
independent experiments and reported as means + SD of each quadruplicate *p<0.05

compared to the control (untreated and EGF).
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3.2 The proliferative effect of KP ethanol extract on SKOV3 cells

The doubling time is the period of time necessary for cells to increase in double amount
which reflexes cell proliferation. It can be used to predict growth rate and the progression

of ovarian cancer.

To study the growth rate of SKOV3 cells, we therefore performed cell counting assay at
24, 48, 72 and 96 h. In the absence of EGF, KP ethanol extract reduced cell growth in a
concentration-dependent manner at all time points (Fig. 3.2). The number of the cells at
48 and 72 h was used to calculate the doubling time. In the control condition, SKOV3
spent 24 h to double amount of cell number. The doubling time of KP at 0.01, 0.025 and
0.05 mg/ml was 27.5 h, 30.9 h, and 31.7 h, respectively. This indicates that KP extract
slows down the growth rate of SKOV3 in a concentration-dependent manner. Cells
treated with KP at 0.01, 0.025 and 0.05 mg/ml with the presence of EGF increased
doubling time to 26.5 h, 26.0 h, and 26.3 h, respectively.
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Figure 3.2 The number of SKOV3 cells treated with non-toxic concentrations of KP (0.01,
0.025, 0.05 mg/ml) without EGF (A) and with 100 ng/ml EGF (B) at 24, 48, 72 and 96 h.

Data are expressed as mean £ SD (n = 3). *p<0.05 as compared to untreated (A) or EGF

(B).
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3.3 The effect of KP ethanol extract on cell migration inhibition

The effect of KP ethanol extract on cell metastasis was determined by the wound healing
assay (Fig. 3.3 A), and Transwell migration assay (Fig.3.3C). In the wound healing assay,
SKOV3 cells were scratched with the pipette tip and the areas between scratch margins
were measured at 0, 12 and 24 h. As shown in Figure 3.3A, KP ethanol extract shows a
significant reduction in cell migration at all three different time points. In control group,
SKOV3 cells migrated approximately 60 % of the wound area after 12 h and the wound
completely closed after 24 h of incubation. Cells treated with KP ethanol extract at
concentration of 0.01, 0.05 and 0.1 mg/ml significantly reduced the percentage of cell
migration to 56.6 = 10.9 %, 48.2 + 1.45 %, and 34.56 + 2.18 %, respectively at 12 h and
58.30 £ 5.8 %, 52.91 + 5.32 %, and 40.50 + 9.27 %, respectively at 24 h. We next
confirmed the results of wound healing assay with Transwell migration assay. The
number of cells that migrated through the membrane filter were visualized and counted
as migratory cells (Fig. 3.3C). We found that the amount of migratory cells was
significantly reduced in cells treated with KP 0.01, and 0.05 mg/ml to 33.92 + 4.6 % and
21.9 £ 2.7 %, respectively (Fig.3.3D). The vehicle control, DMSO at the comparable
concentrations dissolved in KP ethanol extract did not suppress cell migration. The results

showed that KP ethanol extract could suppress the migration of SKOV3 cell line.
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Figure 3.3 The effect of KP on SKOV3 cell migration. Wound-healing assay of SKOV3
cells treated with KP ethanol extract at 0, 12, and 24 h after performing the scratch (A).
Histogram represents the percentage of cell migration (B). Transwell migration assay and
represented histogram are shown in C and D. All data were from 3 independent
experiments and reported as means + SD for measurements in quadruplicate *p<0.05 as

compared to the control.

29



3.4 The effect of KP ethanol extract on inhibition of MMP-9 and MMP-2 activities

Enzyme matrix metalloproteinases (MMPs) are calcium-dependent and zinc-dependent
endopeptidases which are secreted from many cell types. These enzymes are involved in
the degradation of extracellular matrix (18). MMPs such as MMP-2 and MMP-9 are
founded in many cancers including ovarian cancer. These proteins have been reported to
be associated with ovarian cancer cell migration, metastasis and progression. Based on
gelatinase activity of MMP-2 and MMP-9, gelatin B was used as their substrates for
gelatin zymography. The clear bands on the electrophoresis gels are areas in which gelatin
B is degraded. MMP-2 and MMP-9 are secreted as protein of 72-kDa, and 92-kDa,
respectively (55, 56).

The represented zymogram in figure 3.4A shows that the KP ethanol extract at non-toxic
concentrations (0.01 and 0.05 mg/mL) could decrease MMP-2 and MMP-9 activity in a
concentration-dependent manner. MMP-2 activity was decreased to 88.66 + 6.17 and
68.83 £ 6.17 % after cells were treated with KP extract at 0.01 and 0.05 mg/mL,
respectively (Fig.3.4B). Similarly, MMP-9 activity also reduced, but in a lesser extent, to
92.52 £ 8.55 and 81.92 + 5.18 % after cells were treated with KP extract at 0.01 and 0.05
mg/mL, respectively (Fig.3.4C). In addition, cells treated with EGF at 100 ng/ml
drastically increased MMP-2 and MMP-9 activities to 140.43 + 5 and 128.95 + 11.54 %
, respectively. Interestingly, in the presence of EGF, KP treated cells at 0.01 and 0.05
mg/ml showed a reduction of MMP-2 activity to 121.4 + 4.7 % and 104.01 + 10.12 %,
respectively, while, MMP-9 activity was reduced to 113.97 + 10.7 % and 106.64 = 9.9
%, respectively. The immunoreactive band of B-actin detected by western blot indicated

an equal amount of cell in all group.
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Figure 3.4 The effect of KP ethanol extract on MMP-9 and MMP-2 activity. Gelatin
zymogram showing MMP9 and MMP2 activities (A), Immunoreactive bands of 3-actin
was used as a loading control. Histogram of MMP-2 and MMP-9 activity is presented as

percent of activity (B-C). All data were from 3 independent experiments. *p < 0.05
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3.5 The effect of KP ethanol extract on cell cycle

To examine the inhibitory effect of KP on cell proliferation, we next performed cell cycle
analysis using propidium iodide which binds to the DNA content and then evaluated a
group of cell by using flow cytometer. In general, the cell cycle is composed of 3 major
phases; GO/G1, S, and G2/M. Sub G1 is considered as death or apoptotic cells (orange
color in Fig.3.5A). As shown in figure 3.5, SKOV3 cells are in GO/G1 phase more than
60%. Cells treated with KP extract did not show any difference compared to untreated
cells or DMSO-treated cells. These results indicate that KP does not inhibit cell

proliferation via cell cycle arrest mechanism in SKOV3 cells.
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Figure 3.5 The effect of KP ethanol extract on cell cycle analysis of SKOV3 cells. Flow
cytometry data (A) and histogram of percent of cell in sub G1, G1, S, and G2/M phases

(B). Data represented as means + SD, n = 3. *p < 0.05.
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3.6 The effect of KP ethanol extract on inhibiting growth and survival signal

transduction pathways

Several transduction signaling molecules are involved in growth and survival pathways
including the PIBK/AKT and ERK1/2 MAPK. We therefore determined whether
inhibitory effect of KP acts via the suppression of theses signal molecules by evaluating
the level of phosphorylation of AKT and ERK1/2 molecules. We showed that 100 ng/ml
of EGF strongly stimulated ERK1/2 and AKT phosphorylation to 2.6 fold and 1.144
folds, respectively (figure 3.6). Interestingly, cells treated with KP ethanol extract
decreased phosphorylation of Akt and ERK1/2 in both absence and presence of EGF. In
the absence of EGF, the phosphorylation of Akt was reduced to 0.87 £ 0.04 and 0.58 +
0.03 fold in cells treated with KP ethanol extract at 0.01 and 0.05 mg/ml, respectively.
Moreover, the phosphorylation of ERK1/2 was decreased to 0.85 + 0.02 and 0.64 + 0.01
fold in cells treated with KP ethanol extract at 0.01 and 0.05 mg/ml, respectively. In
addition, in the presence of EGF, SKOV3 cells treated with KP ethanol extract at 0.01
and 0.05 mg/ml also showed the suppression of Akt phosphorylation to 0.89 + 0.07 and
0.70 £ 0.07, respectively and the reduction of ERK1/2 phosphorylation to 2.38 + 0.22 and
2.21 +0.23, respectively. These results indicate that reduction of PI3K/AKT and EKR1/2
MAPK phosphorylation by KP extract is at least involved in growth and survival

suppression of in SKOV3 ovarian cancer cells.
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Figure 3.6 The effect of KP on the PI3K/AKT and EKR1/2 MAPK signal transduction in
SKOV3 cells. The immunoreactive bands of pAKT, AKT, pERK1/2 and ERK1/2 (A).
Histogram of phosphorylation level of AKT (B) and ERK1/2 (C). B-actin was used as a
loading control. Data expressed as mean + SD (n = 3). *p < 0.05.

34



3.7 The effect of KP on induction of cell death

3.7.1 Trypan blue exclusion test

According to the MTT assay, the toxic concentrations (0.1 and 0.25
mg/mL) of KP ethanol extract was applied to induce cell death. Trypan
blue exclusion test was used to evaluate dead cells. Since live cells are
excluded from trypan blue solution because of intact plasma membrane,
dead cells in which membrane is permeable to the dye can be counted by
hemocytometer under a light microscope. We demonstrated that cell
treated with KP 0.1 and 0.25 mg/ml significantly increased cell death at
24 h of treatment. The percentage of dead cells was 15.67 + 2% and 26.33
* 3.5% in cells treated with KP at 0.1 and 0.25 mg/ml, respectively (Fig.
3.7.1). KP extract at 0.05 mg/ml was used to confirm its non-cytotoxicity.
Importantly, in the presence of EGF 100 ng/mL, KP at 0.1 and 0.25
mg/mL extract was still able to increase cell death to 13.17 + 1.8 % and

21.25 £ 2 %, respectively.
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Figure 3.7.1 The effect of KP on cell death in SKOV3 cells by trypan blue exclusion
assay. Percent of cell death of cells treated with KP without EGF (A) and with 100 ng/ml
EGF (B). Data presented as means + SD, n=3, *p<(.05 compared to untreated or DMSO

control.
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3.7.2 Flow cytometry of apoptotic cells

Apoptosis is a process of programmed cell death without inflammatory
process, unlike necrosis. Substances that can induce cancer cell death
without inflammation should be ideal chemotherapeutic agents. Therefore,
we would like to investigate whether KP extract induces cell death via
apoptosis manner. In fact, a hallmark of apoptotic cell death is the
translocation of phosphatidylserine (PS) from the inside to outside leaflets
of the plasma membrane or so called PS externalization (57). Since
annexin V binds to PS, we can detect apoptotic cells by using green
fluorescent or FITC-conjugated annexin V and measuring by flow
cytometry. Propidium iodide that binds to the DNA content is also
detected with flow cytometry. Living cells (left lower quadrant) have the
intact plasma membrane therefore no dye was detected (FITC negative/PlI
negative) (Fig. 3.7.2A). Early apoptotic cell whose PS is externalized but
the plasma membrane is still intact, can be detected as FITC positive/PlI
negative cells which are presented in the right lower quadrant. Late
apoptotic cells whose membrane integrity is reduces are in the right upper
quadrant which is positive for Pl and annexin V. We found that cells
treated with KP ethanol extract at 0.3 and 0.5 mg/mL increase apoptosis
to 22.13 £ 7.6 % and 41.13 + 19.15 %, respectively, compared to the
vehicle control (DMSO) or untreated cells which showed less than 5% of

apoptotic cells.
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Figure 3.7.2 The effect of KP ethanol extract on apoptosis in SKOV3 cells. Annexin V-
FITC and PI labeling in KP treated cells was measured by flow cytometer (A). Histogram

of percent of apoptotic cells is shown in B. Data were presented as mean + SD of three

replicates. *p < 0.05.

3.7.3 Fluorescence nuclear staining

We next confirmed apoptosis with nuclear staining. Since the nucleus of
apoptotic cells exhibits the specific morphology such as chromatin
condensation, loss of plasma membrane asymmetry, cell shrinkage,
plasma membrane blebbing and DNA fragmentation, we therefore used
Hoechst 33342 for fluorescence nuclear staining. Hoechst 33342 (2'-[4-
ethoxyphenyl]-5-[4-methyl-1-piperazinyl]-2,5'-bi-1H-benzimidazole

trihydrochloride trihydrate) is a cell-permeable DNA staining dye that is
activated by ultraviolet light and illuminates blue fluorescence. The stain
binds into the minor groove of DNA, and this dye is an adenine-thymine—
specific fluorescent dye for evaluating apoptosis by microscopy (58).
After incubating cells with KP at 0.3-0.5 mg/ml for 6 h and performing
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nuclear staining, we found that KP induced DNA condensation, shrinking
of nucleus and nuclear membrane blebbing (red arrows in Fig. 3.7.3). The
nuclei of cells treated with DMSO control showed shaped and round
nuclear membrane without condensation of nucleus. This indicates that

KP indeed is able to induce apoptosis in SKOV3 cells.

DMSO 0.1% DMSO 0.3% DMSO 0.5%
KP 0.1 mg/ml KP 0.3 mg/ml KP 0.5 mg/ml

* o

Figure 3.7.3 Effect of KP on nuclear deformity assayed by DNA staining (Hoechst

33342). The condensation of the nucleus was observed in KP ethanol extract treatments
compared to the vehicle control DMSO. Original magnification,400x.

3.7.4 Apoptotic signaling pathway using western blot analysis

Since the Annexin-V/PI flow cytometry data and nuclear staining point
the direction to cell apoptosis induction by KP. We also would like to
further explore the intracellular signaling of apoptosis by detecting
caspase-3, -7, -9, and poly ADP ribose polymerase (PARP) molecules.
Caspases are a family of protease enzymes involved in programed-cell
death signal transduction. Full-length caspases (inactive forms) are
cleaved to active forms which finally causes DNAse activation and DNA-
degradation. PARP is a family of proteins that plays a role in many cellular
processes including DNA repair and apoptosis. PARP is inactivated by
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caspase-3 or caspase-7 cleavage. Inactivated PARP eventually leads to
DNA degradation (58, 59). By using western blot analysis, we
demonstrated that cells treated with KP ethanol extract significantly
reduced immunoreactive bands of full length caspase-3, -7, -9 and PARP
in a concentration-dependent manner. Reducing of full length caspases
indirectly indicates an increase of active-caspase forms which lead to

apoptosis.
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Figure 3.7.4 Effect of KP on caspase and PARP activation in SKOV3 ovarian cancer cells
using western blot analysis (A). Histogram of relative intensity of full-length of PARP,
caspase-9, -3, and -7 is shown in B, C, D and E, respectively. B-actin is used as a protein

loading control. These data are represented as mean = SD of three replicates. *p<0.05.
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CHAPTER 4

Discussions

In Thailand, ovarian cancer is the fifth leading cause of cancer-related death (1). This is
because most cancers are asymptomatic until metastasis begins in the advanced stage of
the disease. High grade epithelial ovarian cancer is found to be particularly aggressive
(3, 4, 12). In addition, it is largely resistant to chemotherapy. There is a growing interest
in the use of traditional Thai medicine as an alternative to traditional treatment of ovarian
cancer. KP, which is found in the north of Thailand and which has been used for a long
time, has potential as an anti-cancer treatment as well as being an anti-fungal and anti-
plasmodial. This medication is inexpensive and has been demonstrated to be safe , and to
reduce resistance to other drugs as well as reducing the side effects of chemotherapy (45).

In this study, we used SKOV3 cells, ovarian cancer cells with epithelial-like morphology,
which are a type 2 or high grade serious ovarian cancer (12). We first investigated the
cytotoxic effect of KP ethanol extract on SKOV3 ovarian cancer cells. Our results
showed that KP slowed the cancer cell doubling time, inhibited cancer cell migration,
reduced production of MMP enzymes, and decreased phosphorylation of Akt and ERK1/2
proteins in the survival and growth signaling pathways. It also induced cell apoptosis via

the caspase and PARP pathway.

Previous studies have shown that KP has a cytotoxic effect on oral human epidermoid
carcinoma (KB cell line), breast cancer (BC cell line), and lung cancer (NCI-H187 cell
line). KP is composed of at least nine flavonoids; 5-Hydroxy-3,7-dimethoxyflavone, 5-
hydroxy-7- methoxyflavone, 5- hydroxy- 3,7,4’- trimethoxyflavone, 5- hydroxy- 7,4’-
dimethoxyflavone, 5-hydroxy-3,7,3”,4’-tetramethoxyflavone, 3,5,7-trimethoxyflavone,
3,5,7,4’-  tetramethoxyflavone,  5,7,4’-  trimethoxyflavone and  5,7,3’,4’-
tetramethoxyflavone. This study found that the cytotoxic effect of the rhizomes of KP

appears to be safe and to reduce the need for chemotherapy(45).
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EGF is a growth factor that stimulates the growth of SKOV3 human ovarian cancer cells.
EGFR signaling regulates the advance of induced epithelial ovarian cancer cell migration
and cell survival. Binding of EGF to EGFR activates many signal transduction pathways
such as PIBK/AKT and MAPK. Patients in with high expression of EGFR result in
aggressive ovarian cancer and a poor prognosis (60). To test the effect of KP on EGF, we
added EGF 100 ng/ml to the cells to stimulate the growth and survival signaling. We
found that with KP treatment, cell viability was decreased in a concentration-dependent
manner. Even with EGF stimulation, cell viability still significantly decreased at a rate
similar to that of cells which had not been stimulated by EGF. This suggests that KP has
strong cytotoxic effect to SKOV3 cells. In a cell counting assay, we measured SKOV3
ovarian cancer cell proliferation using a Transwell plate and wound healing assay. We

found that KP ethanol extract reduced cell growth in a concentration-dependent manner.

MMP-2 and -9 are a family of zinc-dependent endopeptidases which are associated with
ovarian carcinoma cells, and which promote invasion, angiogenesis, and metastasis (55,
61). Previous studies have investigated MMP-2 and -9 involvement in the movement of
ovarian cancer cells and found that MMP-2 and -9 enhance metastasis of SKOV3 cells.
MMP-2 and -9 increase proteolytic activity that is related to high-grade ovarian cancer
such as SKOV3 (56). We found that KP treated SKOV3 cells have less MMP-2 and
MMP-9 activity in both with and without EGF. This result suggests that KP might be a

great substance to suppress invasion and reduce metastasis in ovarian cancer.

The phosphoryration level of PI3K/Akt and MAPK is important for SKOV3 cell growth.
These two signaling pathways frequently induce cell growth and survival. Many studies
have suggested that PI3K plays a role in the invasion and metastasis pathway of ovarian
cancer (62, 63). EGF is involved in the activation of PI3K/Akt and MAPK in human
ovarian cancer (64). Interestingly, we showed that KP ethanol extract decreased
phosphorylation of PI3K/Akt-and MAPK(ERK1/2) in the treated cells with and without
the presence of EGF.

It has been previously demonstrated that K. parviflora Wall. ex. Baker rhizome ethanolic

extract induces caspase- 3 through a mitochondria- mediated pathway by supplementing
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inhibitors of Akt, PI3K and MEK (MAPK) that are involved in a death signaling pathway
in human promyelocytic leukemic HL-60 cells. Reports have stated that cell viability is
reduced in a dose- and time-dependent manner with the treatment of KP Wall. ex. Baker
rhizome ethanolic extract. Those studies confirmed the apoptosis pathway by
demonstrating changes in cell morphology such as chromatin condensation and
externalization of phosphatidylserine on the cell surface using fluorescence cell staining.
Fluorescence intensity of the KP extract in HL-60 cells increased after treatment with
inhibitors of Akt, PI3K and MEK, indicating that KP enhances apoptotic cell death via
the suppression of PI3K/Akt and MAPK pathways (49, 63).

Md. Alamgir Hossain (2012) showed that when 3,5,7,4'-tetramethoxyflavone (TeMF),
5,7,4'-trimethoxyflavone (TMF), and 5-hydroxy-3,7,3',4'- tetramethoxyflavone (5-H-
TeMF) purified from KP rhizome extracts were applied to HCT- 15 cells ( human
colorectal carcinoma) , the cells exhibited chromatin condensation and DNA
fragmentation. Furthermore, purified KP strongly enhanced caspase-3 activity in a dose-

dependent manner via the apoptosis pathway.

A trypan blue exclusion test in the present study found that KP at a concentration of 0.25
mg/ml resulted in an increased almost 30% cell death at 24 h. In addition, a cell death
study using annexin V/PI labelling showed that KP treatment increased the percentage of
cell apoptosis, especially the population in late apoptosis. These results were confirmed
by the observation of the cell nuclear morphology using fluorescence nuclear staining.
We found obvious DNA fragmentation on SKOV3 cells with 0.3 and 0.5 mg/ml KP

ethanol extract.

Caspases are cysteine proteases that play a critical role in apoptosis progression and
regulation of cell death (58). Two distinct pathways of apoptosis have been classified as
the death receptor pathway and the mitochondrial pathway. Death-inducing signaling
stimulates caspase- 8 which activates the production of enzyme caspases-3 and -7.
Moreover, the mitochondrial pathway is involved in the release of cytochrome ¢ which

activates caspase-9 activity. Caspase-9 further activates caspase-3 and -7 which cause
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apoptosis as well as PARP, which has been considered indicative of functional caspase

activation (59).

Using western blot analysis, KP ethanol extract could significantly increase the activation
of caspase-3,-7, and -9 compared with the control in SKOV3 cells. Moreover, PARP was
inactivated by KP treatment which indicates apoptosis induction. These data indicate that
KP may play roles in cell death induction via the activation of caspase-3,-7,-9 and PARP

inactivation.

In conclusion, the present study found that KP ethanol extract can inhibit the molecular
signaling involved in cell proliferation by reducing the phosphorylation of Akt, ERK1/2,
inhibiting the activity of MMP-2, -9, and inducing apoptotic cell death. Moreover,
SKOV3 cells undergo morphological changes including DNA fragmentation of cells
treated with KP ethanol extract. The results of this study support previous reports that KP
ethanol extract has anti-cancer effects and is a potentially good alternative therapeutic

agent for ovarian cancer.
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