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CHAPTER | INTRODUCTION

Cancer is the result of mutations in the deoxyribonucleic acid (DNA) that cause
cells to grow uncontrollably, spread to the other organs and caused complications (1).
The occurrences of cancers around the world are on the increase. The risk factors of
the disease are related to sex, age, race, family history, infections, or hormonal
changing (2). In 2018, Global cancer statistics (GLOBOCAN) showed that breast
cancers remain the highest number of cancer cases in females around the world (3, 4).
While liver cancer, especially in Asia, tends to be the highest incidence of diseases
among men, with a high lethal rate when compared to other diagnosed cancer cases (4,
5). The conventional cancer treatments are including surgery, radiation, chemotherapy,
hormone therapy, and targeted drug therapy (6). However, the most concerns in these
treatments are the multidrug resistance, recurrent of cancers, and adverse side effects
of cancer drugs that resulted in an inferior quality of life and a low chance of survival in

patients (7).

Current cancer drugs used in chemotherapy were designed to mostly target
cancer cells; however, to some degree, they also affected the healthy cells. The
discovery of safer drugs with potent antitumor activity has been a challenging endeavor
to date (8, 9). Alternative medicine becomes a new option for cancer patients not only
because of the practical outcome in cancer remission; however, more importantly, it

may also promote therapeutic effect without the adverse side effect (10).

Natural products, which derived from plants, fungi, bacteria, or animals, have
been known as valuable sources of compounds to be developed into therapeutic drugs.
There is a remarkable similarity in physicochemical properties between natural products

and FDA-approved drugs (11). The drug discovery from natural products were either as
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a pure isolated compound or in a mixture of compounds. The combination effects of the

mixture of natural products could also provide therapeutic outcome (12).

Mushroom extracts were shown to be good sources of natural products for
investigating anticancer effects in cell-based studies and clinical trials (13, 14). For
example, Polysaccharide-K (PSK) derivatives from Turkey tail mushroom (Trametes
versicolor) were tested against several cancer types such as colon cancer cell lines
(HT29 and SW480), promyelomonocytic leukemia cell line (HL 60) and monocytic cell
line (U937) (15). These derivatives were shown, in clinical trial phase |, to have the
immunomodulation in cancer patients by improving the immune system and prolonging
the survival rate of patients (16, 17). Ganoderma lucidum or Lingzhi mushroom is a well-
known medicinal mushroom used in Chinese and Japanese traditional medicine. The
extracts from the mushroom were shown to have cytotoxicity against cancer cells and
immunomodulatory effects in patients. Cell-based studies revealed that the extracts are
acting as the inhibitors of cell proliferation, cell migration and cell invasion. The extracts
also killed cancer cells by promoting apoptosis, anti-inflammation and anti-angiogenesis

(18, 19).

Auricularia polytricha (AP) is an edible mushroom from the Auriculariaceae
family. This mushroom has been used as traditional medicine and as an essential
ingredient in Asia and in Thai cooking. The previous studies of AP were showed to have
antidiabetes (20), antibiotics (21), immunomodulation (22), antioxidants (23) and
antitumor activity. The antitumor activity of AP has been tested in several cancer cell
lines such as Human lung cancer cell line A549 in induced cell cycle arrest at GO/G1
phase (24) and triggered apoptosis on human colon cancer cell line (COLO-205) (25).
Surveying of the literature reveals limited research into the systematic anticancer

investigation of AP. To date, polysaccharides isolated from AP has investigated for
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anticancer activity and targeted mechanisms in limited number of cancers. The further

study of AP in other cell lines and mechanism of actions is worthwhile conducting.

To achieve this goal, we aim to investigate the anticancer activity of the AP
crude extracts and its fractions against the hepatocellular cell line (HepG2) and breast
cancer cell lines (MCF-7 and MDA-MB-231). The determination of the mechanism
divided into in vitro and in silico. The in vitro study, apoptosis assay used annexin V-
FITC and propidium iodide dual staining to observe the early and late stages of
apoptosis induction. While DNA contents stained by Propidium iodine to determine the
cell cycle arrest in different cell phases. Both assays were carried out by the flow
cytometry. To look into the other inhibitions on cancer, migration, and invasion have
been tested in cancer cells by using wound-healing assay and transwell invasion assay.
Furthermore, in silico study such as a molecular docking has become a tool to predict
the possible circumstances of AP purified-compound binds to MMP-2 as the inhibitors in
which this enzyme is one of the important main enzymes involved in the metastasis of
cancer in extracellular matrix (ECM) degradation on tumor site. The results of this project

will be invaluable data for cancer drug discovering and value-adding to AP.

1.1 Research objectives

1.1.1 To investigate the antitumor activity of Auricularia polytricha extracts in

cancer cell lines.

1.1.2 To examine the ability of Auricularia polytricha extracts in apoptosis

induction, cell cycle arrest, migration, and invasion inhibition in cancer cell lines.

1.1.3 To predict the binding energy between phytochemical compounds in

Auricularia polytricha extract and MMP-2 enzyme by Molecular docking (in silico).
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1.2 Research hypothesis

1.2.1 Auricularia polytricha extract could be the potential source for cancer

drug development.

1.2.2 Auricularia polytricha has the ability of apoptosis induction, cell cycle

arrest, migration, and invasion inhibition in cancer cell lines.

1.2.3 Auricularia polytricha isolated compounds show the possibility of MMP-2

enzyme binding in molecular docking study.



1.3 Conceptual framework

| New safer active compounds with antitumor activity is needed

V

Auricularia pofylricha mushroom |

~

Crude extract Isolated fractions
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. HE',J('Z Cell cycle
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—

Potential compound from
crude extract
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|

Auricularia polytricha mushroom with antitumor
activities against cancer cell lines

\

[ New source of active compounds ]

\

Developing more efficient cancer treatment and
improving survival or quality of life

Figure 1 Conceptual framework.
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CHAPTER II LITERATURE REVIEW

2.1 Cancer incidence

Cancer is the result of mutations in the deoxyribonucleic acid (DNA) that cause
cells to grow uncontrollably and spread to the other organs and caused complications
(1). The incidence of cancer worldwide that recorded in 2018 from Global Cancer

Statistic (GLOBOCAN), the number of cancer cases worldwide detected on-trend (4).

2.1.1 Cancer epidemiology

The epidemiology of the disease has been recorded the diagnosed cancer
cases, treatments, prognosis, and survival rates categorized by sexes, countries, and
cancer types. The prevalence of cancer cases bases on both sexes resulted in lung
cancer, and breast cancer ranked first with 11.6% worldwide. However, the statistical
record has not only in the incidence but also reflected the mortality in each type of
cancer. Breast cancer in female and lung cancer in men is dominant and followed by
colorectum cancer and liver cancer shown to have a high mortality rate in cancer
patients Figure 2. Countries or continents presented in the human development index

(HDI) regions as the risk factors are related to the environmental and lifestyle factors (4).

High HDI or developed countries showed a less mortality rate in some cancer
types such as lung cancer, breast cancer, prostate cancer, and colorectum cancer,
whereas Low HDI or developing countries showed a high mortality rate in many
diseases. However, liver cancer showed the similarity between the incidence and
mortality in both high and low HDI groups due to the geological widespread of infectious
risk in liver cancer plays an essential role for disease controlling and progression (4, 26)

Figure 3.
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2.1.2 Risk factors

Risk factors for cancer development are divided into endogenous and
exogenous factors. Endogenous factors such as genetics, family history, hormonal
changing, or aging could trigger the abnormality of cells and result in the uncontrollable
division of cells. Previous studies, Indicated the breast cancer patient that carried the
mutation in BRCA7T and BRCAZ2 genes about 40% develop breast cancer after 70-year-
old (27). Tumor suppressor gene such as TP53 also plays a vital role in cancer
development, especially in activating invasion, metastasis, proliferation, and survival of
cancer cells (28). Aging and hormonal changing are the primary keys from the
reproductive system that involve in sex steroid hormone that could promote the
aggressiveness of cell signaling (29). In recent decades, risk factors could be from

harmful pollutions, UV radiations, Infectious diseases, diets, and obesity (30).

The industrial and modern lifestyles in this generation result to be more consume
artificial substances than the old age. Tobacco ranked first as the risk factor for lung
cancer accounted for almost 90% of lung cancer deaths (31). While in liver cancer,
Hepatitis virus B and C (HBV and HCV) demonstrated as the leading causes of liver
cancer development from inflammation as risk as to liver damage and liver cirrhosis
from alcohol consumption. However, the prevalence of liver cancer showed a correlation
with hepatitis viruses widespread in Asia (32). The same goes for cervical cancer as the
Human papillomavirus (HPV) is the leading risk for disease development in a high

prevalence of infection (33, 34).

Breast cancer is gained attention due to the high incidence in women has
involved in both endogenous and exogenous factors. The endogenous risks are from
the reproductive and hormonal system unbalancing after menopause or long-term

conceptive pill-taking render the cycle of mensuration (35). Nonetheless, the family
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history reported increasing the chance to develop breast cancer in first-degree relatives
like a mother or siblings about two-fold higher than other women. Lifestyles in high-fat

diets and physically inactive are also crucial for disease induction (36).

2.2 Cancer progression and prognosis

The early step of cancer progression begins with the constantly genetic
instability of the somatic mutation resulting in cell proliferation and expansion of the new
clone and more aggressive cells. The cell alteration in size, shape, and polarity in the
epithelial origin known as epithelial-mesenchymal transition (EMT). Invasion and
metastasis as the signature of cancer behaviors have two functions in basement
membrane invasion, which are ECM degradation and cytoskeleton motility. The
basement membrane mainly formed by collagen IV and laminin to support the structure

of tissue (37, 38) Figure 4.
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Figure 4 The progression of cancer (38).

2.3 Targeted therapies and treatments
2.3.1 Hallmark of cancers

The hallmarks of diseases involve in many regulations that alter healthy cell

behaviors such as sustaining proliferative signaling, evading growth suppressors,



25

activating invasion and metastasis, enabling replicative immortality, inducing
angiogenesis, and resisting cell death Figure 5. The main idea for drug development in

cancers is to dysregulate these pathways of disease (39).

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing Activating invasion
angiogenesis and metastasis

Enabling replicative
immortality

Figure 5 Hallmarks of cancer. (39)

2.3.1.1 Sustaining proliferative signaling

The proliferative signaling in cancer involves many pathways that resulted in cell
cycle and cell growth activation. The growth factor ligand produced from cancer cells
and activated the cancer cells in autocrine proliferative or secreted from the supporting
cell around the tumor site triggers the downstream cascade. For example, the ERK
MAPK pathway continuous stimulation as the result of growth factor receptor
overexpression (EGFR) and growth factor overproduction, such as transforming growth
factor-alpha (TGF-Ql). The FDA-approved cancer drug in a MAPK pathway inhibitor such
as Sorafenib (40). Moreover, in the PIBK/AKT/mTOR pathway has been studied in their

signaling cascades owing to the negative-feedback activator PTEN has lost their
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function from the promoter methylation. Therefore, the AKT/PKB signal transducer
regulated the PI3K hyperactivation in cancer cells, Everolimus, which is the drug that

inhibits the mTOR, the mediator in the PI3K pathway (41) Figure 6.
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Figure 6 The inhibitors toward the PI3K proliferative signaling pathways (41).
2.3.1.2 Evading growth suppressors

The evading growth suppressor in cancer cells has been reported about two
tumor suppressor genes, like retinoblastoma-associated (RB) and TP53 proteins, as
they involve in cell proliferation and division. RB acts as the gatekeeper in the cell cycle

in the G1 phase to allow cells to enter the S phase. While TP53 operates several roles,
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such as protein checkpoint in G1 and G2 arrest, and promotes apoptosis (39).
Interestingly, the current drug targeting in the cell cycle is the cell cycle checkpoint
inhibitor, such as Cyclin-dependent kinase 4/6 inhibitor (palbociclib and ribociclib). Due
to each phase of cell cycle require the checkpoint protein and cyclins expression such
as in G1 step, the appearance of Cyclin D, CDK2/4/6 increase and allow DNA synthesis
to occur in S phase, so the selective inhibitor towards the CDKs leads to the cell cycle

arrest in the G1 phase of cancer cells (42) Figure 7.
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Figure 7 the cell cycle inhibitors in cancer cells (42).

2.3.1.3 Resisting cell death

Apoptosis is divided into two main pathways, which are an extrinsic pathway and
Intrinsic pathway Figure 8. Extrinsic pathways contained death ligands and death
receptors such as type 1 TNF receptor (TNFR1) and the intra-cellular inducer such as
TNF related to receptor-associated death domain (TRADD), Fas-associated death

domain (FADD) and Caspase-8. Cleaved caspase-8, an active form of caspase-8, acts
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as the initiator of the extrinsic pathway and activates the common path with caspase-3
activation. While in the intrinsic pathway, the mitochondria played essential roles in
genetic damage and oxidative stress stimulations. Mitochondrial permeability increases,
and cytochrome-C releases into the cytoplasm as a result of the Bcl-2 family, which
operates both pro-apoptosis (Bax) and anti-apoptosis (Bcl-2) functions. Cytochrome-C
activates cleaved caspase-9 and the common pathway activation. In the common
pathway, caspase-3 activation and breaks DNA and protein with morphological
changes. Chromatin condensation and retraction of pseudopods  with
Phosphatidylserine (PS) flipped out to the outer membrane as the apoptosis marker. The
loss of membrane integrity allows the organelle releasing and called phagocyte to
engulf the apoptotic cells (43). The detection of apoptosis could be performed by
staining the PS outside the cell membrane by Annexin V dye and counterstained the
DNA content by propidium iodide as the early apoptosis occur the PS flipping
phenomenon and the late apoptosis the integrity of cells is loss and DNA content could

be detected (44).

Cancer cells resist apoptosis programming by disrupted the balancing between
pro-apoptotic and anti-apoptotic proteins. Dysregulation of Inhibitor of apoptosis
proteins (IAPs) and TP53 abnormality, which not only defect the cell cycle arrest in cells
but also reflect the apoptosis induction in cancer cells due to the lack of DNA damage

sensor and tumor could activate the anti-apoptotic protein in Bcl-2 (39, 45).
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Figure 8 The mechanism of extrinsic and intrinsic pathways in apoptosis (43).
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2.3.1.4 Enabling replicative immortality

Telomerase, a cellular reverse transcriptase that adds new DNA to telomeres at
the end of chromosomes to help to protect telomere's lengths. Each round of cell
division, the telomeric DNA shortening is a normal phenomenon, and when the
shortening reach crisis, the senescence of cell occurs and results in DNA-damaged
signaling to apoptosis activation. However, cancer cells can evade senescence or
apoptosis by high expression of telomerase enzyme and extend the telomeric DNA

repeats (46).

2.3.1.5 Activating invasion and metastasis

The extracellular matrix (ECM) also played an essential role in cancer
progression due to the ability of matrix metalloproteinases enzymes (MMPs) to digest
the ECM around the tumor site. MMPs also related to the VEGF, which also activating
invasion and metastasis. Therefore, the MMPs enzyme showed the correlation between
MMPs activation and upregulate the progression of cancer. Previous studies in invasive
type of cancer such as breast cancer cell line demonstrated the overexpression of

MMP-2 and MMP-9 subtypes or gelatinase A and B, respectively (47).

2.3.1.6 Inducing angiogenesis

The inducing angiogenesis as one of the hallmarks of cancer is involved in
various factors such as Vascular endothelial growth factor (VEGF) and Platelet-derived
endothelial growth factor (PD-EGF) that could activate the angiogenesis of tumor to

infiltrate into circulation and spread to the secondary site or metastasis (45, 47) Figure 9.
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2.3.2 Treatments

Treatments in the present are developing in many ways depends on the
progression and prognosis of diseases. Types and stages of cancer are the main
concern for the physician to offer treatments towards patients. Surgery and
chemotherapy are commonly used in cancer patients, together with radiation and
hormone therapy. Within the past ten years, cancer immunology gained popularity due

to the concept of modulating self-immune cells to attack cancer cells (7).

As also mentioned in hallmarks of cancer, those regulations of abnormal cells
have required the multiple targeted drug to attenuate the capacity of cancer cells.
Therefore, the mechanism-guided combination will be an effective method for cancer

treatments in humans (45, 48).

2.3.3 Adverse effects

The adverse effects of chemotherapeutic drugs both in the long-term and short-
term, have been reported in Nausea and vomiting as well as gastrointestinal side-
effects. The cause of oral mucositis leads to ulcers and pain. Central and peripheral
neurotoxicity could be found in platinum-based agents, proteasome, and angiogenesis
inhibitors. All of these effects resulted in the poor quality of life and less effective
treatment. Minimizing toxicity and promoting efficiency will be a worthy challenge (49,

50).

2.4 Mushroom and cancer

The novel finding of active compounds and derivatives from natural products
provides excellent outcomes for cancer treatments in isolated remedies, or cancer drug
combination resulted in cell proliferation, pro-survival system, or the alteration of a

cancer signaling pathway, which could be solved by computational methods and
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biological tests. Mushroom, as a part of natural products, studies also shown antitumor

activity and potential drug development (51, 52).

2.4.1  Mushroom and antitumor effects

Many mushrooms have been reported about their antitumor activities, such as
the crude ethyl acetate extract of Antrodia cinnamomea showed the anti-angiogenesis
against VEGF in human liver cancer cells (53). The methanolic extract of Calvatia
gigantea showed the apoptosis induction and cell cycle arrest in human lung cancer
cell line (Ab549) (54). Moreover, a lectin from Clitocybe nebularis (55) and the
polysaccharides of mushrooms such as Ganoderma lucidum (56), Inonotus obliqus (57),
and Lentinus edodes (15) have been reported about their anti-proliferative and

apoptosis induction in several cancer cell lines as listed in Table 1.

Table 1 Mushroom extracts and anti-tumor activity.
Fraction/ active
Mushroom Models Mechanisms Ref
compound
Antrodia
Ethyl acetate Human liver cancer inhibits VEGF and (53,
cinnamomea
extract cell anti-angiogenesis 58)
Calvatia methanolic human lung cancer induced cell cycle
(54)
gigantea extract cell line (A549) arrest and apoptosis

Human pro-monocytic

lymphoma cell line Antiproliferation effect

Clitocybe
lectin (U937) and Mo-T and on leukemic cell (55)
nebularis
Jurkat human lines.
leukemic T cell lines
Ganoderma Ganopoly® human tumor CaSki, Cytotoxicity and

lucidum polysaccharide  SiHa, Hep3B, HepG2,  apoptosis induction
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Fraction/ active
Mushroom Models Mechanisms Ref
compound

HCT116 HT29, and

MCF7 cells
Inonotus downregulated Bcl-2
Human
obliqus Polysaccharide and upregulated (57)
neurogliocytoma cells
Caspase-3
upregulated
Lentinus Human hepatocellular
Polysaccharide caspase-3 and (59)
edodes carcinoma cell

caspase-8

Colon cancer cell lines

(HT29 and SW480),
Induced apoptosis
Trametes Polysaccharide Promyelomonocytic
with caspase-3 (15)
versicolor K (PSK) leukemia cell line (HL
upregulation
60) and monocytic cell

line (U937)

2.4.2 Auricularia spp.

Mushroom extracts in the Auriculariacieae family have been studied in their
antitumor activities. The dichloromethane fraction from Auricularia auricula-judae found
to have the antitumor effect in bronchoalveolar and gastric cancer cells resulted in the
downregulation of Bcl-2 expression and increased the p53 protein expression (60).
Moreover, the water extract and ethanolic extract of Auricularia auricula-judae showed
the cell growth inhibition in the monocytic leukemia cell line (U937) (61), Sarcoma 180,
lung cancer cell line (NCI H358), and human gastric cancer cell line (SNU 1) (62). As
well as Auricularia polytricha, or called a wood ear mushroom, the close species to

Auricularia auricula-judae has been examined its antitumor effect as an apoptosis
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inducer in MCF-7, colon (COLO-205), and kidney (ACHN) cancer cell lines (63).
Furthermore, because of both Auricularia spp. contained a large proportion of
carbohydrates such as polysaccharides, so the active component in this part has been
prioritized for further study. Polysaccharides fractions from the ethanolic and water
extracts of Auricularia auricula-judae have been investigated and found the active
compound, which is Beta-glucans the well-known polysaccharides for their
immunomodulation and antitumor activity. AA polysaccharides complexed with cisplatin
and folic acid targeted cervical cancer cells in apoptosis induction and resulted in the
upregulation of Cax, cytochrome-c, and caspase-3 and decreased bcl-2 protein (64).
Auricularia polytricha polysaccharides (AAP) also showed the antitumor effects in
intrinsic apoptosis pathway induction and cell cycle arrested at the GO/G1 phase on
lung cancer cell line (A549) (24). The briefed information of Auricularia spp. activities

were listed in Table 2.

Table 2 Auricularia spp. and their antitumor effect.
Fraction/ active
Mushroom Models Mechanisms Ref
compound
Apoptosis
Bronchoalveolar and (downregulation of
Dichloromethane (60)
gastric cancer cells Bcl-2 expression and
Auricularia p53 overexpression)
auricula- Monocytic cell line
_ Ethanolic Cell viability (61)
judae (U937)

Sarcoma 180, NCI
Ethanolic H358, and SNU 1 cell Cell viability (62)

lines




36

Fraction/ active
Mushroom
compound

Models

Mechanisms Ref

Polysaccharides/
folic acid, AAP
and cisplatin

complexes

Cervical cancer

Apoptosis
(Bax, cytochrome-c,

and caspase-3 and

downregulation of bcl
2, increase
mitochondria

membrane potential)

Polysaccharides

Auricularia

polytricha

Breast (MCF-7), colon
(COLO-205), and
kidney cell lines

(ACHN)

Intrinsic apoptosis
and G0/G1 cell cycle
arrest (decreased
expression of cyclin
A, cyclin D and CDK2,
as well as the
increased expression

of p21 and p53

water

lung cancer cell line

(A549)

Cell viability, colony
formation inhibition,

(24)
DNA fragmentation,

and apoptosis



https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cyclin-a
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cyclin-a
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cyclin-d
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/p21
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2.4.3 Auricularia polytricha

Auricularia polytricha (AP), also known as Cloud ear mushroom or Wood ear
mushroom, generally found in Asia. The properties of this mushroom are composed of
gelatinizing texture in brown fruit body and ear shape Figure 10 (65). The AP has been
used as traditional medicine and food preparation. The natural compounds and
nutrients of AP have been reported. The aqueous fraction of AP showed an anti-
inflammatory effect with decreased pro-inflammatory cytokines such as tumor necrosis
factor -0l and interleukin-6 (23). The AP polysaccharides have been evaluated. lts
antioxidant and phenolic compounds found that gallic acid and vanillic acid exerts the

antioxidative activity of AP (20).

Furthermore, the polysaccharides also showed the hepatoprotective effect
against carbofuran-induced rats and paracetamol-induced toxicity rats as well. The AP
polysaccharides balanced the oxidative stress in exercise-induced oxidative stress in
mice (66). The antihyperchloresterolemic impact has been studied in cell models and in

vivo models and resulted in reducing blood cholesterol levels (67) in Table 3.

Figure 10 Auricularia polytricha mushroom (65).
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Table 3 Auricularia polytricha active compound studies.
Active compounds Models Mechanism Ref
Decreased tumor necrosis
Forty-six-week-old, male
Aqueous extract factor-Ql and interleukin-6 (23)
Sprague-Dawley rats
expression
Reduced lipid deposits in
human hepatoma HepG2 cells, blood, and the liver
Polysaccharide- cells in vitro and an increased cellular
(66)
peptides animal model of fatty liver antioxidant activity and
disease viability and protected the
liver against injury.
Male Wistar rats with Antioxidative levels (Gallic
Polysaccharides (20)
body weights (BW) acid and Vanillic acid)
a decrease of AST, ALT,
ALP, LDH, TB, TG and
Soluble
Sprague-Dawley (SD) rats cholesterol in the (67)
polysaccharide

paracetamol-induced

toxicity

2.5 Molecular modeling

Computational-aided drug design or CADD is a tool to study the drug interaction

in silico to classify the potential compounds towards the disease targets. CADD is an
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inexpensive and effective tool due to the convenience in time and instruments, which
required only the compound characteristics and the molecular simulations (68). In the
present, the most well-known database for protein structure is the Research
Collaboratory for Structure Bioinformatics or RCSB (www.rcsb.org), which integrated the
3D structure information of proteins and organized structures into the protein data bank
ID (PBD ID) for each complex. Most of them were received from X-ray crystallography
and Nuclear magnetic resonance (NMR) techniques (69). The structure from the
database needed to be processed after downloaded in the molecular simulation, such
as removing water molecules, adding polar hydrogen, or modifying binding pocket. For
predicting the drug interaction in molecular simulation, CADD was classified into two
groups composed of Ligand-based drug discovery (LBDD) and Structure-based drug

discovery (SBDD) (70).

Ligand-based drug discovery (LBDD), active compounds were known with or
without targeted proteins; this method could still be used. The common structural
features and the quantitative structure-activity relationship (QSAR) were calculated to
predict the compound activity in vivo (71). Whereas Structure-Based drug discovery
(SBDD) is the predictive method between the known target protein and candidate drugs
allow the software to dock the ligand into the protein target and score the binding
energy or conformations (72). Molecular docking, as described in brief earlier, the
excellent protein structure for direct docking obtained from x-ray crystallization or NMR
and the resolution should less than 2°A. The CDOCKER (CHARMm-based DOCKER)
simulation in Discovery Studio software is the method that used the simulated-annealing-
based algorithm to generate the full ligand flexibility. Gib and force field was conducted,
and the top ranking of the ligand-protein docking pose (lowest energy) referred to the

best affinity of the complex (73).


http://www.rcsb.org/
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In this study, the molecular modeling was computed to predict the ligand-protein
interaction between active compounds from Auricularia polytricha extract and matrix
metalloprotease-2 (MMP-2), which has been studied the invasion inhibitory effects in
silico, in vitro, and in vivo with natural derivatives before. The first report about the
human MMP-2 structure was published in (PDB ID 1QIB) about the protein and a
hydroxamate inhibitor complex (74). Then, the study of this protein was carried on until
the latest of the structure research in the human MMP-2 catalytic domain was modified
to MMP-2 complexed with beta-amyloid precursor protein-derived inhibitor (PDB ID

3AYU) with the resolution at 2°A which is meet the criteria for structure selection (75).

Figure 11 the MMP-2 complex with (PBD ID 1QIB).
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Figure 12 the MMP-2 complex with APP-IP (PBD ID 3AYU).

2.6 Cell models
2.6.1 Hepatocellular carcinoma cell lines (HepG2)

American Type Culture Collection (ATCC), as the organization of collect, stores,
and distributes human and animal cell lines, have been described and categorizes
characteristics and information in each cell type. HepG2 cells (ATCC® HB-8065) are
human hepatocellular carcinoma-derived cell lines and widely used for hepatocellular
carcinoma studies in vitro. The morphology of HepG2 cells is attached to cells with the
vacuole-like inside of the cell could be observed. The high density of cells or confluent

colony-forming could be seen in Figure 13.

ATCC Number: HB-8065
Designation:  Hep G2

Low Density High Density

Figure 13 HepG2 cells morphology from ATCC

2.6.2 Breast cancer cell lines (MCF-7 and MDA-MB-231)

Breast cancer cell lines are provided with various expressions of receptors and
characteristics. In this study, the breast cancer cell type with estrogen and progesterone

receptors positive (MCF-7) is selected for an antitumor activity to investigate the
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susceptibility of candidate compounds to these receptors. The morphology of MCF-7 is
adherent cells with clumping at the confluent Figure 14 (76). In contrast, the triple-
negative breast cancer cell (MDA-MB-231) is the absence of all three primary receptors
on the cell surface, which are the estrogen receptor, progesterone receptor, and human
epidermal growth factor receptor 2 Figure 15. Therefore, the invasiveness of MDA-MB-
231 exerted more than MCF-7 and reported the high expression of MMP-2 and MMP-9
levels could provide the information for invasion inhibition and cytotoxicity towards

breast cancer compared to MCF-7 (77).

ATCC Number: HTB-22
Designation:  MCEF-7

SR

Low Density Scale Bar = 100um High Density Scale Bar = 100pm

Figure 14 The morphology of the MCF-7 cell line (ATCC® HTB-22).
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ATCC Number: HTB-26 ™

Designation:

Low Density

Figure 15

MDA-MB-231

9
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The morphology of the MDA-MB-231 cell line (ATCC® HTB-26).
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3.1 Chemicals

Hexane, ethyl acetate, and acetonitrile were purchased from Honeywell, USA.
Dulbecco’s Modified Eagle’s Medium (DMEM), Phosphate Buffered Saline, Trypsin
0.25% (v/v), and Fetal Bovine Serum (FBS) were purchased from HyClone, USA. 3-(4,5-
Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium  bromide (MTT), Ergosterol, and
Propidium iodide were purchased from Sigma-Aldrich, Germany. FITC Annexin V
Apoptosis Detection Kit with Pl was purchased from BioLegend, USA. Dimethyl
sulfoxide (DMSQ) was purchased from RCI Labscan, Thailand. Caspase-3 (8G10),
Beta-actin (13E5), and secondary antibody (7074) were purchased from Cell Signaling
Technology, USA. Bradford protein assay and was purchased from Bio-Rad

Laboratories, USA.

3.2 Mushroom identification

The mushroom was purchased from Chang Daeng mushroom farm in
Samutprakarn province, Thailand.  Mushroom fruiting bodies were sterilized by
immersing in 70% alcohol in a laminar hood. A small piece of the inner tissue was
picked and placed on a potato dextrose agar (PDA) medium and incubated at 25°C for
seven days, followed by single colony isolation during the subculture process. Total
genomic DNA was extracted from 50 mg fruiting body of each sample using Cetyl
Trimethyl Ammonium Bromide (CTAB) DNA extraction method. The sequence data
were compared with the known /TS7T and /TS4 sequences the PCR protocol for ITS
amplification was listed in Table 4; /TS7 Sequence (5'TCCGTAGGTGAACC TGCGG3')
and /TS4 Sequence (5'TCCTCCGCTTA TTGATATGC 3'). ITS sequences of samples
were operated by Bioneer sequencing service (Bioneer Corporation Korea) and the

sequences extracted from the GenBank (www.ncbi.blast.Inm.nih.gov) with BLAST Basic
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Local Alignment Tool (BLAST Query) alignment were generated, and highest score

alignment was considered closely related sequences.

Table 4 The PCR protocol for ITS region amplification.
Step Temperature (°C) Time (sec)
1. Initial denaturation 94 180
2. Denaturation 94 30
3. Annealing 55 30
4. Extension 72 90

Repeat step 2 to 4 for 30 cycles

5. Final extension 72 600

3.3 Mushroom extraction

Dried Auricularia polytricha (AP) was crushed and blended into powder by a
blender (Philips, Japan) and weighted at ratio 1:10 to absolute ethanol (Merck,
Germany). The Soxhlet extractor was used to extract the mushroom for 24 hours. After
the extraction, the extract was evaporated by the Laborota 4011 rotary evaporator
(Heidolph, Germany) at 50°C with speed 80 rpm. Until the extract reduced to around 10
mL, and the solvent was concentrated by the miVac Quattro concentrator (GeneVac,
UK) at 50°C. The extract was stored at -20°C until used. Percent yield was calculated
using this formula.

The crude extract (g)

% Yield = x100

Crude powder (g)

The hexane extract of Auricularia polytricha (APH) from the previous study
(Sillapachaiyaporn et al., 2019) obtained by the maceration method also included in this

project.
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3.4 Isolation and Purification

Auricularia polytricha crude extract

!

Thin-layer chromatography

|

liquid chromatography
! ! ! !
F1 F2 F3 F4
Figure 17 Diagram for AP crude extract isolation

3.4.1 Thin-Layer Chromatography (TLC)

The APH mixture was dissolved in ethyl acetate and spotted on the TLC
silica plate for 1-2 mm diameters. After drying, TLC plates were run on different mobile
phases (hexane: ethyl acetate from 100: 0, 90: 10, 80: 20, 70: 30, 60: 40, 50: 50) and
observed bands under UV at 245 and 365 nm. Then Retention factor (R,) was calculated

with the distance between compounds and the solvent front.

Distance traveled by compound (cm.)

Retention factor (R) =
R) Distance traveled by the solvent front (cm.)

3.4.2 Preparative Liquid Chromatography (PREP-LC)

The APH crude extract was purified by Reveleris ®PREP-LC (Bdchi, Switzerland)
with the normal stationary phase cartridge using hexane: ethyl acetate system

generated by Navigator software in the machine with the TLC R, values three
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components mode output (Table 5). The fractionations were screened by TLC plates

using hexane: ethyl acetate mobile system (80:20).

Table 5 The gradient table of hexane: ethyl acetate system was generated by the

Navigator® software.

Steps Min Solvents % 2nd

1 0.0 AB 0

2 1.0 AB 0

3 8.3 AB 10
4 16.7 AB 14
5 7.0 AB 14
6 0.0 AB 100
7 2.0 AB 100

3.4.3 Gas Chromatography-Mass spectrometry (GM-MS)

APH crude extract was dissolved in ethyl acetate, and GC-MS was done by
using Agilent 19091P-M15 with column HP-PLOT AI203 (50.0m x 320 um x 8.00 pym).
The sample was analyzed using split ratio 15 :1, 1.5 ml/min of He flow rate with an oven
temperature of 50°C to 220°C (2 min) at 7°C/min, then 270°C (5 min) at 7°C/min,
followed by 290°C at 5 °C/min. The chromatogram and peaks were compared to the

NIST MS search 2.0 Data analysis.
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3.4.4 High-Performance Liquid Chromatography (HPLC)
The HPLC result was done by UHPLC VANQUISH (Thermo scientific) on reverse-

phase Eclipse XDB C-18 column. The gradient flow was designed in water/acetonitrile
(95:5) and (5:95) with a flow rate at 1 mL/min and UV wavelength detected at 254 nm.
The purified ergosterol fraction was prepared at the concentration of 100 ppm in
acetonitrile as same as the standard ergosterol (Sigma-Aldrich, Merck) and the spiked

sample.

3.5 Cell line maintenance and harvesting

The hepatocellular carcinoma cell line (HepG2), the breast cancer cell line
(MCF-7), and the triple-negative breast cancer cell line (MDA-MB-231) were maintained
in DMEM media supplemented with 10% fetal bovine serum. Cells were incubated at

37°C and 5% CO,in a humidified condition until the cultures reach confluence.

For cell harvesting, cells were washed with PBS without calcium and
magnesium. Trypsinization was performed using 0.25% trypsin incubated with the cells
for 5 min in the 37°C incubator. Then, cells were washed and collected into a conical

tube and spin down at 25°C in refrigerated centrifuge with 1500 rpm for 5 min.

3.5.1 Cell viability assay

Cells were plated at a density of 5x10° cells/well for 100 plin a completed DMEM
medium supplemented with 10% fetal bovine serum and incubated overnight at 37°C
with 5% CO, in a humidified condition. Then, they were incubated with various
treatments. In all conditions, the final concentration of FBS and dimethyl sulfoxide
(DMSO) were 5% and 0.1%, respectively. DMSO at 0.1% was a solvent control. After 24,
48, and 72 hours, 5 mg/ml of 3-(4, 5-dimethyl thiazolyl-2)-2, 5-diphenyltetrazolium

bromide (MTT) was added into each well, and the plate was put back into the incubator
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for 3 hours for color development. Then, the plates were read out at 550 nm by a
microplate reader, an EnSpire™ 2300 multilabel plate (Perkin Elmer, USA). The cell
viability was calculated in the percentage of cell viability. Sigma Plot calculated the half-

maximum inhibitory concentration (1C50).

Absorbance of treatment

Cell viability (%) = 100

Absorbance of control cell *

3.5.2 Cytotoxicity testing

The mouse embryonic fibroblast cell line (3T3-L1) was used to determine the
cytotoxicity of the extract against the healthy cell (78, 79). The toxicity of cells was

performed as described in the cell viability assay.

3.6 Apoptosis induction and cell cycle arrest
3.6.1  Apoptosis assay

Cells at 1x10° cells per well were seeded into a 6-well plate. After overnight
incubation, the cells were treated with various treatments for 24 hours. Cells were
harvested by trypsinization and resuspended in binding buffer. Annexin V-FITC and
Propidium iodide (PI) was added to 100 pL of cell suspension and incubated for 20 min
in the dark at room temperature. At the end of the incubation period, 400 uL of binding
buffer was added up into the tubes. Cells were then analyzed by a BD FACS Calibur
flow cytometer (Becton Dickinson, USA). The Annexin V dye positive cells were counted

as apoptosis-induced cells and compared to control cells.

3.6.2 Cell cycle assay

Cells at 1x10° cells per well were seeded in a 6-well plate and incubated

overnight. The culture medium was replaced with serum-free DMEM for serum starvation
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24 hours before testing. Cells were harvested and stained with 500 pl of propidium
iodide solution (0.1%, v/v) Triton X-100; 10 pg/mL propidium iodide; 100 ug/mL DNase-
free RNase A (500 U/ml) in PBS) and incubated for 30 min at room temperature. The cell
cycle analysis was evaluated by a BD FACS Calibur flow cytometry (Becton Dickinson,
USA). The DNA contents at different phases (G0/G1, S, and G2/M) were compared to

control cells.

3.7 Migration and invasion assays
3.7.1 Migration assay or wound healing assay

Cells in completed DMEM medium supplemented with 10% fetal bovine serum
were plated into 12-well microplate and plated in 5% CO, incubator at 37°C in a
humidified condition until reaching the confluent Then, the serum-free DMEM was added
for cell starvation for 24 hours. A 200 pL sterile-pipette tip was used to created straight
lines in cultured wells. The wells were washed twice with pre-warmed PBS and replaced
with various concentrations of treatment prepared in 5% FBS in DMEM. The inverted-
light microscope photographed the baseline control for pre and postmigration. Cell
migration depends on the invasiveness of cell lines. We measured the cell migration at
0, and 6 for MDA-MC-231 cells while MCF-7 and HepG2 cells monitored 0 and 24 hours
for five random fields. The width of the wound was calculated using ImagedJ software

compared to DMSO control cells using the formulation below.
% of wound closure = [(at =0 h —at = A h)/at = 0 h] x 100%

3.7.2 Transwell invasion assay

Transwell invasion assays were performed using the 24-well modified Boyden
chambers containing membrane filter inserts with 8-um pores (Falcon, USA). Inserts

were pre-coated with 50 L of diluted Matrigel (Corning, USA) at a 1:8 ratio in serum-



52

free DMEM and solidified in the incubator for an hour. To evaluate the cell invasion by
transwell invasion assay, cells were seeded at 200 ul of 5x10" cells/well, and various
treatments were treated in the inserts while the lower compartment was filled with 10%
FBS in DMEM as the chemoattractant. The assay was determined after 24 hours. Cotton
swabs removed the non-invaded cells in the inserts. The invaded-cells attached to the
bottom of the insert were fixed in 100% methanol for 20 min. Cells were washed with
PBS and stained with 0.1% crystal violet for 20 min. After re-washing with PBS and air
drying, chambers were photographed under the Observer A1 inverted microscope

(ZEISS, Germany) at 50x magnification for five random fields.

3.8 Molecular modeling

The computational study was carried out by using BIOVIA Discovery Studio 4.5
software (Accelrys Inc., San Diego, CA, USA). The software was used for visualization,
preparation of protein and ligand structures, and docking simulation. The building and
optimizing of molecules were performed in the “Small Molecules” module. The docking
simulations study was done using the CDOCKER method available in DS 4.5 was used
this study (73). The parameters for the docking study were adapted as that suggested

by the software.

3.8.1.  Protein preparation

The crystal structure of matrix metalloproteinase 2 (MMP-2, PDB ID: 3AYU) co-
crystallized with a peptide (APP-IP) inhibitor was downloaded from the Protein Data
Bank database (75). The crystal structure (PDB ID: 3AYU) was chosen as the template
for molecular docking study due to its high resolution (R = 2 A) of the X-ray structure,

which defines the high quality and accuracy of the enzyme structure.
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The MMP-2 crystal structure was prepared by first removing the original ligand
peptide (APP-IP) inhibitor. All crystallographic water molecules in each protein were
kept, and the missing hydrogen atoms were added. The protein structure was optimized
using the CHARMmM forcefield in the “Prepare Protein” module. All visualizing and

processing in protein preparation were generated by BIOVIA Discovery Studio 4.5.

3.8.2. Ligand preparation

APP-IP ligand from the original complex of MMP-2 was selected, ergosterol and
sterol compound 49, and other inhibitors were drawn using ChemDraw (80, 81) and the
corresponding MDL-SD file (*SDF) files were imported into Discovery Studio and
converted to the 3D structures. The compounds were minimized to the lowest possible
energy using the CHARMmM force field in the Small Molecules module. Conformations of
all the compounds were generated using the ‘best conformer generation’ to ensure the
best coverage of conformational space was considered, the maximum number of
formations was set to 200, and the minimum energy threshold for the compounds was

equal to 20 kcal/mol. The default setting was used for the rest of the parameters.

3.8.3. Protein and ligand docking
In CDOCKER studies, the protein was kept rigid while the ligands were as

allowed to be flexible during calculation and refinement, and a final minimization step is
used to refine the docked poses. The CDOCKER method uses the CHARMm forcefield,
and the parameters were set as default, allowing for 10 Top Hits and 10 Random
Conformations to occur. The CDOCKER method scored the ligands using the
CDOCKER Energy and —-CDOCKER Interaction Energy functions in the CDOCKER
module. These functions calculate the energy values using the Gibb’s Free Energy (AG)
of the interaction between the ligand and receptor with the highest score determined as

the best possible ligand. The higher scores with most top negative AG would indicate
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favorable ligand-protein interactions.

MMP2 protein and the docking method were validated to ensure the structural
integrity of binding pocket and connectedness of the technique, by re-docking the APP-
IP ligand into the protein to approve the default parameters. Once the process has been
verified, the ergosterol and sterol compound 49 were docked to predict their binding

energy and conformations.

3.9 Statistical analysis

All experiments were performed in triplicates. The results were shown as the
mean + Standard Deviation (SD). One-way analysis of variance (ANOVA) analyzed the
significant results using SPSS 16.0 software and GraphPad prism followed by a post
hoc Dunnett’s test with * p value < 0.05 and ** p value < 0.01 were considered as

significant results.
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CHAPTER IV RESULTS

41 Mushroom identification

Mushroom DNA samples from the mycelium of Auricularia polytricha (AP) were
extracted and amplified in the /TS region. The sequencing was analyzed and showed a
nucleotide sequence from the /TS7 and /TS4 nucleotide regions (Table A1, Figure A1
and A2). The DNA sequence was alignment using the Basic Local Alignment Search
Tool (BLAST) search. BLAST is an algorithm that can be used to map by comparing the
query biological information such as DNA sequence with a database of sequences. The
BLAST analysis showed that the DNA sequences AP in both the /TST and /TS4 regions

are almost closely aligned with that found in the database, as shown in Table 6.

Figure 18 The mycelium of mushroom cultivation on potato-dextrose agar (PDA)

plates.



Table 6

the BLAST alignment result from mushroom /TS amplification.
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Description

Max Total

Score Score

Query

Cover

Ident

Accession

ITS1

Auricularia  polytricha  strain
4328 18S ribosomal RNA gene,
partial  sequence; internal
transcribed spacer 1, 5.8S
ribosomal RNA gene, and
internal transcribed spacer 2,
complete sequence; and 28S
ribosomal RNA gene, partial

sequence

1048 1048

98%

99.48%

KY345416.1

1754

Auricularia  polytricha ~ strain
610723MF0009 small subunit
ribosomal RNA gene, partial
sequence; internal transcribed
spacer 1, 5.85 ribosomal RNA
gene, and internal transcribed
spacer 2, complete sequence;
and large subunit ribosomal

RNA gene, partial sequence

1026 1026

97%

99.13%

KY950445.1

4.2

Mushroom extraction

The ethanol extracts of AP by Soxhlet extraction (APE) and Hexane extract by

maceration (APH) percentage yields (%) were calculated based on their weights of

crude powder. The percentage of yields in APE found to be 1.493 %, while APH showed

0.36% of yield, as shown in Table 7


https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=Z3NWJ0ZJ014&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=1&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=Z3NWJ0ZJ014&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=1&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=Z3NWJ0ZJ014&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=2&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=Z3NWJ0ZJ014&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=2&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=Z3NWJ0ZJ014&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=4&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=Z3NWJ0ZJ014&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=4&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=Z3NWJ0ZJ014&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=3&HSP_SORT=3
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1227483991
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1227483991
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1227483991
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1227483991
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1227483991
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1227483991
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1227483991
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1227483991
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1227483991
https://www.ncbi.nlm.nih.gov/nucleotide/KY345416.1?report=genbank&log$=nucltop&blast_rank=1&RID=Z3NWJ0ZJ014
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1372021655
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1372021655
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1372021655
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1372021655
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1372021655
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1372021655
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1372021655
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1372021655
https://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_1372021655
https://www.ncbi.nlm.nih.gov/nucleotide/KY950445.1?report=genbank&log$=nucltop&blast_rank=2&RID=Z3RHXPCH016
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Table 7 The yield (%) of AP crude extracts
Crude extracts Yield (%)
APE 1.50
APH 0.36

4.3 Mushroom purification
4.3.1 Gas Chromatography-Mass Spectrometry

The hexane extract (APH) by maceration from AP, in our previous study or the
ethanol extract by Soxhlet extraction (APE), was individually dissolved in ethyl acetate
and performed GC-MS to determine the chemical components in the extracts. The
analytical data of APE and APH are summarized in Tables 8 and 9. While the GC
chromatograms of APE and APH are presented in Figure 19 and Figure 20, respectively.
The GC-MS result from APE and APH showed that ergosterol was the presence in both
extracts. However, ergosterol and ergosterol-related compound peaks showed at a
retention time of 40.312 (0.97%) and 40.897 (13.79%) minutes, which accounted for
approximately 15% of the total peak areas in APE. Whereas ergosterol and ergosterol-
related compounds in APH were found at a retention time of 39.91 (3.41%), 40.483
(30.39%), and 40.731 (2.48%) minutes with approximately 36% of combined peak areas

in APH.

Palmitic acid, Linoleic acid, and Stearic acid were found to be the presence in
APE and APH. However, the percentages of these three fatty acids are comparatively

higher in APE than those found in APH (Table 1 and 2).

Also, there are differences in chemical components found in APE and APH.
Compounds highlighted in green (Table 1) were only found in APE. While compounds

highlighted in purple (Table 2) were only found in APH.
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Abundance
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Figure 19 The GC-MS result of the ethanol (APE) extract of AP

Table 8 The GC-MS profile of APE crude extract.

RT (min) % Area of total Predicted compound
21.22 1.14% Pentadecanoic acid
21.53 0.56% Pentadecanoic acid, ethyl ester
22.666 10.98% Palmitic acid
22.949 3.54% Hexadecenoic acid, ethyl ester
25.072 27.62% Linoleic acid
25.148 13.65% trans-13-Octadecenoic acid
25.258 7.95% 9,12-Octadecadienoic acid, ethyl ester
25.362 5.23% Ethyl Oleate
25.494 10.60% Stearic acid

25.806 3.99% Octadecanoic acid, ethyl ester
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40.312 0.97% Ergosterol
40.897 13.79% Ergosterol
Abundance
TIC: APH_CRUDE_1GC.D\data.ms
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Figure 20 The GC-MS result of the hexane extract of AP
Table 9 The GC-MS profile of APH crude extract.
RT (min) % Area of total Library best matched
22.457 4.36% Palmitic acid
24.813 19.51% Linoleic acid
24.892 22.84% Oleic Acid
25.24 8.47% Stearic acid
33.992 1.54% Decanedioic acid, bis(2-ethylhexyl) ester
36.05 3.65% 9(11)-Dehydroergosteryl benzoate
36.502 1.38% Anthiaergostan-5,7,9,16,22-penten
39.775 1.99% Anthiaergostan-5,7,9,22-tetraen-3-ol
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39.91 3.41% Ergosterol
40.483 30.39% Ergosterol
40.731 2.48% Ergosterol

4.3.2 Thin Layer Chromatography (TLC)

The APH crude extract was dissolved in hexane and spotted on the TLC silica
plate and developed using a mixed (hexane: ethyl acetate) solvent system, with
incremental of polarity. The UV detector at 254 and 365 nm was used to visualize
components in APH to reveal four spots. The four spots are referring to F1, F2, F3, and
F4 in the order of their polarity. R, values of each component were calculated. The TLC
results showed that the best mobile phase of hexane and ethyl acetate for APH mixture
was 80: 20 (hexane: ethyl acetate) (Figure A3). All four fractions of the APH mixture
appeared and separated in the middle of TLC plates. F1, F2, F3 and F4 R, values at 80:
20 ratios were 0.95, 0.64, 0.52 and 0.31, respectively. Moreover, other solvent ratios also
showed the R;values and used as a gradient system further purification, and the proper

solvent ratios were between 90:10 to 60:40 as listed in (Table 10).

Table 10 The R; values of APH crude extract by TLC.

Solvent ratio R;values
Hexane: Ethyl acetate F1 F2 F3 F4
100: 0 base-line =0
90: 10 0.89 0.35 0.23 0.12
80: 20 0.95 0.64 0.52 0.31
70: 30 0.98 0.83 0.72 0.54

60: 40 0.93 0.83 0.73 0.58
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4.3.3 Preparative Liquid Chromatography (PREP-LC)

APH crude (350 mg) was dissolved in hexane for sample preparation. Then the
normal stationary phase 24g-cartridge was used in hexane and ethyl acetate system as
generated by Navigator software in the machine based on the TLC R, values (Three
components) input. UV detectors at 254 and 365 nm was used to detect the separated
fractions. The fractions were collected in the automated fraction collector, and their
profile is shown in Figure 21A and 21B. The pattern of compounds presented in each
tube was further analyzed by TLC and shown in Figure 22. PREP-LC could separate the
total 350 mg of APH mixture and resulted in F1 (71 mg), F2 (23 mg.), F1+F2 (10.8 mg.),

F2+F3 (55 mg.), F3+F4 (33.3 mg) and F4 (10 mg) as listed in Table 11.

A B soivent% Mietso [luvi luv2
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1600 0.40
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0 5 10 15 20 25 30 35
Time (min)
B Peak # Strat Tray : Vial | End Tray : Vial
1 1:4 1:4
2 1:9 1:9
3 110 L:IS
4 1:16 1: 16
5 L7 117

Figure 21 The APH crude mixture separated by Reveleris® PREP-LC.

(A) The chromatogram ; (B) the vial mapping table from the APH separation.
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Figure 22 The screened PREP-LC fractions of APH mixture on TLC plates

with hexane and ethyl acetate (80: 20) mobile system.

Table 11 The summary of APH fractions separated by PREP-LC.

Fractions Weight (mg)
F1 71
F2 23
F1+F2 108
F2+F3 55
F3+F4 33.3
F4 10

434 Ergosterol-purified fraction authentication by HPLC

Retention time and characteristics of chromatograms were used to determine
the identity of each compound. For instance, the first confirmation of ergosterol was
done by correlating the purified-peak with the peak of the authentic ergosterol standard.

A second confirmation of ergosterol was done by spiking the purified-ergosterol analyst
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with the authentic ergosterol. HPLC chromatograms of the three analyses are shown in

Figures 24A-24C. The districted peak of the purified-ergosterol was detected at the

retention time of 16.223 min (72.2 mAU) (Figure 23A). The peaks for Standard Ergosterol

appeared at 16.197 min (41.6 mAU) (Figure 23B). While the peaks for the Spiked

sample of ergosterol-purified fraction and standard appeared at the same retention time

at 16.183 min (33.9 mAU) (Figure 23C). Therefore, the purified-ergosterol fraction from

APH using Preparative LC was successful separated and is the same as the ergosterol

standard purchased from Sigma-Aldrich.
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Figure 23 HPLC chromatogram of Ergosterol.

(A) HPLC Chromatogram of the purified-ergosterol fraction of AP at 100 ppm; (B)
Standard Ergosterol at 100 ppm; C) Spiked sample of ergosterol-purified fraction and

standard.

4.4. Antiproliferative screening on cancer cell lines
4.4.1 Antiproliferative screening of APE and APH

The antiproliferative screening on cancer cell lines was performed in
Hepatocellular carcinoma cell line (HepG2), Breast cancer cell lines (MCF-7 and MDA-
MB-231). The concentration range for testing with APE and APH is 0.03 — 1.00 mg/mL,
while the positive controld drug (DOX) was 0.06 — 2.00 nM. The cells were treated with
either APE, APH, or DOX for 24, 48 and 72 hours. At 24 hours, the IC,, values were
determined and resulted showed that APH exerted more active effected on all cancer
cell lines than APE (HepG2, MCF-7, and MDA-MB-231) with IC,, at 0.06 + 0.02, 0.06 +
0.01 and 0.02 + 0.01 mg/mL, respectively. Whereas, the IC,, values of APE in HepG2,
MCF-7 and MDA-MB-231 cell lines at 24 hours showed the doses at 0.59 + 0.14, 0.25 +
0.33, and 0.03 =+ 0.00 mg/mL shown in Figure 24, 25, and 26, respectively. The

determined IC,, values at 48 hours and 72 hours also showed significantly inhibited cell
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survival, as shown in Table 12. Therefore, APH was selected to study in their isolated

fractions and further investigation on antitumor effect.

Table 12

The IC,, values of APE, APH, and DOX against HepG2, MCF-7, and

MDA-MB-231 cell lines.

Time
Treatments
24 h 48 h 72 h
APE (mg/ml) 059 +0.14  0.28+0.07 0.18+0.02"
HepG2 APH (mg/ml) 0.06 +0.02° 0.07+0.01  0.06+0.00"
DOX (uM) 0.48+0.06 0.29+0.03 0.14+0.01"
APE (mg/ml) 025+0.33 0.11+0.03 0.08+0.03"
MCF-7 APH (mg/ml) 0.06+0.01 0.12+0.05 0.08+0.01"
DOX (uM) 0.46+0.07 0.28+0.05 0.24+0.03"
APE (mg/ml) 0.03+0.00 0.02+0.01 0.05+0.00
MDA-MB-231 APH (mg/ml) 0.02+0.01 0.02+0.000 0.02+0.03"
DOX (uM) > 2.00 0.64+0.14 0.39+0.12
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Figure 24 The HepG2 cell viability after APE, APH, and DOX treatments.
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(A) APE, (B) APH, and (C) DOX treatments at 24, 48, and 72 hours. Data are shown in

mean + SD (n = 3 independent experiments). Dunnett's one-way ANOVA analysis with *

p value < 0.05 and ** p value < 0.01 were considered significant, compared to the

vehicle control (0.1% DMSO).
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Figure 25 The MCF-7 cell viability after APE, APH, and DOX treatments.
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(A) APE, (B) APH, and (C) DOX treatments at 24 hours. Data shown in mean + SD (n = 3
independent experiments). Dunnett’'s one-way ANOVA analysis with * p value < 0.05
and ** p value < 0.01 were considered significant, compared to the vehicle control

(0.1% DMSO).
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Figure 26 The MDA-MB-231 cells after APE, APH, and DOX treatments.

(A) APE, (B) APH, and (C) DOX treatments at 24, 48, and 72 hours. Data are shown in
mean + SD (n = 3 independent experiments). Dunnett’'s one-way ANOVA analysis with *
p value < 0.05 and ** p value < 0.01 were considered significant, compared to the

vehicle control (0.1% DMSO).

4.4.2 The isolated fractions of APH inhibit cancer cell growth

The four isolated fractions of APH (F1, F2, F3, and Ergosterol) were individually
tested for cell growth inhibition on breast cancer cell lines (MCF-7 and MDA-MB-231)
(Figure 27 and 28). After 48 hours of incubation, ergosterol (F4, ER) showed growth
inhibition on MCF-7 and MDA-MB-231 cells with the IC,, valued at 48 hours were 24.49

+ 17.94 and 6.55 + 2.59 uM, respectively, as shown in Table 13. Ergosterol was also
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tested with HepG2 cells. However, IC,, value was higher than 50 uM, the highest
possible concentration of ER solubilized in the tested solvent (Figure 29). Therefore,
further investigation for the effect of APH and ER for antitumor activities was focusing on
MCF-7 and MDA-MB-231. Therefore, we tested ER at 6, 12, and 25 pM, while APH

tested at 12, 25 and 50 pg/ml.

Table 13 The IC,, values of ergosterol treatments on HepG2, MCF-7, and MDA-
MB-231 cell lines.

Time
Treatments
24 h 48 h 72 h
HepG2 > 50 > 50 > 50
Ergosterol (uM) MCF-7 >50 24.49+17.94 17.67 £8.80
MDA-MB-231 > 50 6.55 £ 2.59 > 50
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Figure 27 The MCF cell viability after F1, F2, F3 and ER treatments.

(A) F1, (B) F2, (C) F3, and (D) F4 or Ergosterol treatments at 24, 48, and 72 hours.
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Data are shown in mean + SD (n = 3 independent experiments). Dunnett's one-way
ANOVA analysis with * p value < 0.05 and ** p value < 0.01 were considered

significant, compared to the vehicle control (0.1% DMSO).
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Figure 28 The MDA-MB-231 cell viability with F1, F2, F3 and ER treatments.

A) F1, (B) F2, (C) F3, and (D) F4 or Ergosterol treatments at 24, 48, and 72 hours. Data
are shown in mean + SD (n = 3 independent experiments). Dunnett's one-way ANOVA
analysis with * p value < 0.05 and ** p value < 0.01 were considered significant,

compared to the vehicle control (0.1% DMSQO).
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Figure 29 The HepG2 cell viability after ER treatment.



70

Data are shown in mean + SD (n = 3 independent experiments). Dunnett's one-way
ANOVA analysis with * p value < 0.05 and ** p value < 0.01 were considered

significant, compared to the vehicle control (0.1% DMSO).

443 Cytotoxicity test on 3T3-L1 cell line

The cytotoxicity of treatments (APH, Ergosterol, Doxorubicin, and Batimastat)
was performed on mouse fibroblast 3T3-L1 cell line. The results indicated that APH has
no toxicity against the 3T3-L1 at 24 hours incubation. However, APH showed inhibition of
3T3-L1 cell growth with the IC,, at 54.18 + 4.01 and 29.47 + 7.38 ug/ml after 48 hours
and 72 hours, respectively. While ergosterol time showed IC,, values toxicity at 13.53 +
0.51 uM and 23.54 + 3.14 uM after 24 h and 48 h, respectively. However, ergosterol
after 72 hours incubation time, Doxorubicin, and Batimastat were unable to be

determined IC,, values as shown in Table 14 and Figure 30.

Table 14 The IC,, values of APH, ER, Batimastat, and DOX treatments on the 3T3-
L1 cell line.
Time
Treatments
24 h 48 h 72 h
APH (ug/ml) > 100 5418 +4.01" 29.47 +7.38"
ER (uM) 13.53+ 051" 23.54 +3.14" > 50
3T3-L1
DOX (nM) >0.5 >0.5 >0.5
BB (uM) >10 >10 >10
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Figure 30 The 3T3-L1 cell viability with APH, ER, DOX, and BB treatments.
(A) APH, (B) ER, (C) DOX, and (D) Batimastat treatments for 24, 48, and 72 hours. Data

are shown in mean = SD (n = 3 independent experiments). Dunnett's one-way ANOVA
analysis with * p value < 0.05 and ** p value < 0.01 were considered significant,

compared to the vehicle control (0.1% DMSO).

4.5 AP extracts and ergosterol induced apoptosis on cancer cell lines

The study of apoptosis induction on HepG2 cell line was carried out by
compared the annexin V positive cells between the APE (0.03,0.13 and 0.50 mg/ml),
APH (0.03,0.13 and 0.50 mg/ml), and DOX (0.03,0.13 and 0.50 uM) treatments to the
vehicle control, which was the 0.1% DMSO control. The results from HepG2 cells
showed that APE was induced apoptosis at 0.13 (39.88 + 1.95%) and 0.50 mg/ml (43.78
+ 0.00%) while APH was induced apoptosis at 0.50 mg/ml (50.24 + 0.00%). DOX as the
positive control also showed the percentage of apoptosis at 48.25 £ 0.00% as shown in
Table 15 and Figure 31. This showed that APH at same amount with APE showed more

apoptosis effect to HepG2 cells., Ergosterol was excluded from apoptosis and cell cycle
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assays due to the low sensitive towards HepG2 cell which could not determine the IC,

value from the cell viability.

On the other hand, apoptosis results from MCF-7 and MDA-MB-231 cell lines
were carried out by annexin V-FITC/Pl. The annexin V positive cells or apoptotic cells
induced by the APH, ER, and DOX and vehicle control (0.1% DMSO) treatments were
compared. After the 24hours-incubation, The ER (6, 12, and 25 uM) showed a dose-
dependent manner result in MDA-MB-231 at 7.71 + 2.14, 22.73 + 11.59, and 37.21
2.59 %, respectively. While in MCF-7 -MB-231 cells with ER showed significant results in
all concentrations but not in dose-dependent. Moreover,. APH (12, 25, and 50 pg/ml)
showed the significant results in all concentrations as well as DOX at 125 and 250 nM in
both MCF-7 (Figure 32) and MDA-MB-231 cell lines (Figure 33) Summuarized data

were shown in Table 16.

In summary, APE, APH and DOX was induced early apoptosis in HepG2 cells.
Moreover, APH, ER and DOX were also significantly induced early apoptosis in all three

cancer cell lines (HepG2, MCF-7 and MDA-MB-231).

Table 15 The percentage of apoptosis-induced cells with APE, APH, and DOX

treatments on HepG2 cell line.

HepG2
Treatments
Early Late Annexin V

DMSO 3.76 £1.90 11.5+3.42 15.65 £ 12.45
0.03 mg/ml 564 +3.93 14.06 + 3.07 15.70 £ 11.02
APE 0.13 mg/ml 7.34 +5.08 17.06 £7.78 39.88 + 1.95*
0.50 mg/ml 9.02 +4.14 25.57 + 2.56 43.78 +0.00"
0.03 mg/ml 16.66 = 890 500212 21.66 £ 12.93

APH
0.13 mg/ml 17.48 £ 3.42 6.66 + 1.59 2414 £ 13.05
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0.50 mg/ml 34.19£6.41 10.86 + 8.01 50.24 +0.00
0.03 uM 13.48 + 7.24 12.64 + 4.68 32.46 + 6.85

DOX 0.13 uM 7.85 +4.86 14.43 +2.25 35.42 + 6.41
0.50 pM 9.49 + 3.30 27.42 +11.98 48.25+0.00
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Figure 31 The HepG2 Annexin V positive cells with APE, APH, and DOX treatments.

(A) The results from the flow cytometry after 24 hours. Q1 = dead or necrosis cells, Q2 =
late apoptosis cells, Q3 = live cells, and Q4 = early apoptosis cells. (B) Population of
apoptotic cells. (C) Population of early and late apoptotic cells. The results were carried

out in mean + SD (n = 3 independent experiments). Dunnett's one-way ANOVA analysis



with * p value < 0.05 and ** p value < 0.01 were considered significant, compared to

the vehicle control (0.1% DMSO).

Table 16 The apoptosis-induced cells with APH, ER, and DOX treatments
MCF-7 MDA-MB-231
Treatments
Early Late Annexin V Early Late Annexin V
DMSO control 1.52 £ 0.60 5.23+1.00 6.75+ 1.30 1.96 + 0.93 2.95+0.28 4.91+0.99
6 2573 £12.64 4.95+1.78 30.68+8.8 5.3+ 254" 2.36+5.35 7.71+2.14
ER e * * *
12 35.07+9.29 3.41+1.39 38.48 +6.45 19.22 + 14.29 3.51+0.09 22.73 £ 11.59
(UM)
25  26.64+2.87 474 +0.42 31.38 £ 2.00 33.52 £ 2.35 3.69+0.83 37.21 £ 2.59
12 3212+1.92° 2.9+0.26 35.02+136  31.77+£0.09 2.07+0.20 33.96 + 0.33
APH e * *n "
25  3351+227 3291042 36.82.19 36.90 + 0.38 2.41+017 38.91 +0.49
(ug/ml)
50  30.51+271 546+ 1.77 35.97 + 3.65 31.10 £ 0.65 2121027 33.15 £ 0.70
DOX 125  31.39£3.70 3.99 + 0.09 35.37+3.09  38.86+1.46 3.1+ 0.60 41.99+0.73"
(nM) 250  36.00+0.79" 3.49 + 0.46 36.49 + 1.02° 41.84 099" 1.77£0.02 43.91+1.07"
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Figure 32 The MCF-7 Annexin V positive cells with APH, ER, and DOX treatments.

(A) The results from the flow cytometry after 24 hours. Q1 = dead or necrosis cells, Q2 =
late apoptosis cells, Q3 = live cells, and Q4 = early apoptosis cells. (B) Population of
apoptotic cells. (C) Population of early and late apoptotic cells. The results were carried
out in mean + SD (n = 3 independent experiments). Dunnett's one-way ANOVA analysis
with * p value < 0.05 and ** p value < 0.01 were considered significant, compared to the

vehicle control (0.1% DMSO).
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treatments.

(A) The results from the flow cytometry after 24 hours. Q1 = dead or necrosis cells, Q2

late apoptosis cells, Q3 = live cells, and Q4 = early apoptosis cells. (B) Population of

apoptotic cells. (C) Population of early and late apoptotic cells.The results were carried

out in mean + SD (n = 3 independent experiments). Dunnett's one-way ANOVA analysis

with * p value < 0.05 and ** p value < 0.01 were considered significant, compared to

the vehicle control (0.1% DMSO).
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4.6 AP extracts and ergosterol could not arrest the cell cycle in cancer cell lines

The cell cycle arrest capacity of AP extracts and Ergosterol determined by DNA
content staining by propidium iodide, and the cell population in each phase was
compared to the vehicle control cells. In HepG2 cell line, the IC,; values at 72 hours of
APE (0.20 mg/ml) and APH (0.06 mg/ml) were selected for cell cycle arrest study and
DOX at 0.50 uM was selected as a positive control. We observed at 24, 48 and 72 hour
and found that APE and APH treatments showed no inhibition to the cell cycle process
at all time points excepted DOX that showed the inhibition at the G2/M phase for 24

hours as shown in Figure 34.

This result from HepG2 cell line leading us to focus on the dose-dependent
manners of APH and Ergosterol in MCF-7 and MDA-MB-231 cell lines. So, after that the
cell cycle assay were performed at concentration that covered the IC,.; value at 24
hours. As shown in Figures 35 and 36, APH showed slightly induced cell cycle arrest on
MCF-7 and MDA-MB-231 cells at the GO0/G1 in a dose-dependent manner. While
ergosterol showed no significantly different from vehicle control, both cell lines used

doxorubicin as the positive control at the G2/M phase.

Therefore, the cell cycle assay with APE and APH treatments showed no
significant in HepG2 cells. Besides, APH and Ergosterol in MCF-7 and MDA-MB-231

cells also showed no arrest to the cell cycle assay.
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Figure 34 The HepG2 cell cycle population with APE, APH, and DOX treatments.

(A) the cell cycle histogram after 24, 48 and 72 hours. (B), (C), and (D) Population of
cells in each phase at 24, 48, and 72 hours, respectively. The results were carried out in
mean + SD (n = 3 independent experiments). Dunnett’'s one-way ANOVA analysis with *
p value < 0.05 and ** p value < 0.01 were considered significant, compared to the

vehicle control (0.1% DMSO).
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Figure 35 The MCEF-7 cell cycle population with APH, ER, and DOX treatments.

(A) the cell cycle histogram after 24, 48 and 72 hours. (B), (C), and (D) Population of

cells in each phase at 24, 48, and 72 hours, respectively. The results were carried out in

mean *+ SD (n = 3 independent experiments). Dunnett's one-way ANOVA analysis with *

p value < 0.05 and ** p value < 0.01 were considered significant, compared to the

vehicle control (0.1% DMSO).
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Figure 36 The MDA-MB-231 cell cycle with APH, ER, and DOX treatments.

(A) the cell cycle histogram after 24, 48 and 72 hours. (B), (C), and (D) Population of
cells in each phase at 24, 48, and 72 hours, respectively. The results were carried out in
mean + SD (n = 3 independent experiments). Dunnett's one-way ANOVA analysis with *
p value < 0.05 and ** p value < 0.01 were considered significant, compared to the

vehicle control (0.1% DMSQ).
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4.7 Migratory inhibition effect of APH and ergosterol on cancer cell lines

The ability of APH to inhibit cancer cell migration was tested on HepG2 and
MCF-7 with 24 hours incubation times. Whereas, MDA-MB-231 was determined the
migration rate at 6 hours. The shorter migration time was used because of MDA-MB-231
higher growth rate. Batimastat (BB), known as the MMP-2 and MMP-9 metalloproteinase
inhibitor, and has been known to be used in migration and invasion assay as a positive

control. In this study, Batimastat was used at a concentration of 10 uM.

The results showed that at high dose APH (50 pug/ml) and ER (25 puM) inhibited
the wound closure more than low doses as described in Table 17 in all cell lines, as

showed in Figure 37,38, and 39.

Table 17 The percentage of wound closure after APH, ER, and BB treatments.
Wound closure (%)
Treatments
HepG2 (24 h.)  MCF-7 (24 h.) MDA-MB-231 (6 h.)

DMSO 751 +5.31 40.26 +3.85 52.80 + 2.68

BB 10 uM 11.49 + 8.25 11.60 +5.65 46.61 +4.96

ER 12 pM 19.98 + 6.51 16.81 +3.21° 49.02 +1.24

ER 25 pM 9.32+6.77 8.99 +3.63 46.17 +5.72

APH 25 pg/ml 18.39 + 10.52 55.72 +2.11 55.07 + 4.25
APH 50 pg/ml 13.12 + 7.40 10.60 + 3.85 " 39.60 +2.94°
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4.8 APH and ergosterol inhibits the invasion of MDA-MB-231 cells

The invasion assay was performed on Matrigel-coated transwell inserts with
APH, ER, and Batimastat, an anti-MMPs as a positive control for invasion assay, for 24
hours. FBS in the lower compartment of the insert acts as a chemoattractant induced the
invasive cells to degrade the Matrigel and penetrate the membrane through the other
side of inserts. The invasive cells penetrated through the membrane to the other side of
inserts. The results of invasion assay as shown in Table 18 and Figure 40 after crystal
violet staining showed the numbers of invaded cells with APH at 12, 25 and 50 ug/ml
were decreased in a dose-dependent manner at 68.93 + 12.54, 48.60 + 0.80 and 15.80
+ 3.60 cells per random fields, respectively. Ergosterol (6, 12 and 25 uM) also showed a
dose-dependent manner at 43.60 + 4.60, 32.20 + 1.60 and 29.13 + 10.39 cells per
random fields, respectively. Whereas, Batimastat at 10 pl showed strong inhibition and
resulted in 30.0 + 8.4 cells per random field of invaded cells of MDA-MB-231 cells. The
invasion results were compared to the vehicle control, which showed at 112.60 + 16.92

invaded cells per random field.

Table 18 The calculated invaded cells per field after APH, ER, and Batimastat

treatments on MDA-MB-231 cells.

Treatments Invaded cells/field

DMSO 112.60 + 16.92
Batimastat (BB) 10 uM 30.0+8.4"

ER 6 uM 43.60 +4.60°
ER 12 uM 32.20 £1.60
ER 25 uM 29.13 + 10.39
APH 12 pg/mi 68.93 + 12.54"
APH 25 pg/ml 48.60 + 0.80"

APH 50 pg/ml

15.80 + 3.60
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4.9 Molecular modeling study of MMP-2 and ergosterol of APH
4.9.1  Analysis of the MMP-2 binding site in X-ray structure (PDB ID 3AYU)

Matrix metalloproteinases family (MMPs) are zinc-dependent enzymes that
involve in many pathologies such as inflammation, tissue remodeling, and cancer
progression. In cancer, MMPs subtypes such as gelatinases A (MMP-2) have been
correlated to the migration, invasion, and angiogenesis lead to a poor prognosis. Two
zinc ions in MMP-2 enzymes. One zinc ion as the structural support of protein and
another zinc in the active site as the catalytic ion. The MMP-2 catalytic domain is
categorized into the deep S1’ pocket type, which is a promising central region of MMPs

inhibitors (82).

The S1’ pocket is located almost nearest to the right-handed side of zinc-ion in
the catalytic domain. In this X-ray structure of the MMP-2 catalytic domain (PDB ID
3AYU) complexed with B—Amyloid precursor protein-derived inhibitory peptide (APP-IP)
binds along the surface cleft of MMP-2 catalytic domain in opposite N to C terminus
direction of APP-IP (75). The interaction between the APP-IP and MMP-2 catalytic
domain from the original structure, including the catalytic domain, which contains zinc
ion and the interaction between the HIS120" LEU82, and VAL117 of the MMP-2 and

TYR3 and ASP6 of APP-IP in the S1’ region, as shown in Figure 41.

The interaction of ILE1, ALA7, LEU8, MET9, and PRO10 of APP-IP found to
interact with S2’-S3’, S2, S3, S4, and S5 subsites, respectively. Moreover, PHES6,
VAL92, and ALA87 of MMP-2 at the edge of the substrate-binding cleft interacted with
PRO10 of APP-IP in S5 pocket and PRO140-ILE141-TYR142 region of the MMP-2
interacted with N-terminus of APP-IP and the ALA85-PHE86-ALA87 part of the protease
associated with C-terminal of APP-IP. The detailed interaction of MMP-2 and APP-IP

showed in the BIOVIA Discovery Studio, as listed in Table 19 and Figure 42.
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Table 19 the interaction between APP-IP and MMP-2 catalytic domain from PDB ID
3AYU generated by DS 4.5 software.

Subsites APP-|P residues Interaction of MMP-2
TYR3 ZN415, VAL117, HIS120, PRO140
St
ASP6 ALA85
S2'-S3' ILE1 TYR142
S2 ALA7Y HIS124, PHE4
S3 LEUS8 TYR73, HIS84, ALA85, PHE86
S4 MET9 PHE4, PRO5, ALA87
S5 PRO10 ALA85

Figure 41 The original 3D structure of MMP-2 protein (PDB ID 3AYU) with APP-IP
in the binding pocket. Showed the S1°, S2’-S3’, S2, S3, S4 and S5 subsites in the

catalytic domain of MMP-2 in the original structure (1).
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Figure 42 The interacting receptor bonds from APP-IP in MMP-2 binding pocket.

4.9.2 Validation of MMP-2

To validate our docking protocol, APP-IP was re-docked into the MMP-2 pocket.
In principle, if the interaction found in the re-docking results are compatible to that
observed in the original X-ray crystal structure, this would indicate; (i) The protein has
maintained its structural integrity; (i) the bidding pockets (S1-S5) have also maintained
their structural integrity (iii) the docking protocol has some validity, in term of mimicking
the real interactions between APP-IP and MMP-2 observed in vitro.; . The interactions
found in the docking study were compared to those found in the original X-ray structure.
The interactions were found to be 85.71 % in common. For instance, the same at ALA85,
ALA87, HIS120, HIS124, HIS130, HIS84, PHE86, PRO140, PRO5, TYR142, TYR73 and
ZN415 locations as listed in Table 20. Furthermore, the binding pose of APP-IP in the
docking results adopt the same position and orientation as that found in the X-ray

structure in Figure 43.
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Table 20 The interaction bonds between the MMP-2 and APP-IP.
X-ray Interactions X-ray Interactions
A: ALA85 A: ALA85
A: ALA87 A: ALA87
A: HIS120 A: HIS120
A: HIS124 A HIS124
A: HIS130 A: HIS130
A: HIS84 A: HIS84
Original A: PHE4 Validated A: LEU81
APP-IP A: PHE86 APP-IP A: PHE86
A: PRO140 A: PRO140
A: PRO5 A: PRO5
A: TYR142 A: TYR112
A: TYR73 A: TYR142
A: VAL117 A: TYR73
A: ZN415 A: ZN415
Common interactions % similarity
ZN415, ALA85S, HIS120
st
HIS130, PRO140
S2'-S3' TYR142
S2 HIS124, PHE4
85.71%
S3 TYR73, HIS84, ALA85, PHE86
S4 PHE4, PRO5, ALA87

S5

ALA85
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Figure 43 The 3D diagrams of interaction between MMP-2 and APP-IP.

(A) displayed the overlapped pattern between the original APP-IP and MMP-2 complex
(grey) and the re-docked APP-IP ligand (yellow), (B) the receptor interaction from the

original APP-IP and (C) The re-docked APP-IP ligand for the method validation.

In conclusion, the prepared MMP-2 protein structure and docking protocol have
been validated. They are therefore suitable and can be used to carry -out docking study

using other candidate compounds.

4.9.3 Docking results between compounds and MMP-2
From the CDOCKER calculation in Table 20, The APP-IP is used as a reference

ligand to MMP-2 (IC, of 32 nM), it gave interaction energy at -134.252 kcal/mol, with
crucial interactions, as shown in Table 19. This binding energy and key interactions are
used as the benchmark to compare with the docking results found in candidate

compounds.
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Compound 49 is a natural derived MMP-2 inhibitor with IC,; of 6.6 pM. It is
structurally similar to ergosterol was used in the docking study. Compound LY52 is
another hydroxamic acid MMP-2 inhibitor with the IC,, of 5.6 pM (80). This compound
was also used in the docking study. The outcome of the docking study of these two
inhibitors would allow for the comparison between docking scores to their report IC,
values. This comparative data may provide some insight into the predicted activity IC,;

of ergosterol at MMP-2.

The docking study of compound 49 showed binding energy at -31.0116 kcal/mol
with interactions such as THR145, ASN147, LEU137, ARG149 (listed in Table 21), that
occupied binding pocket S2'-S3'. Compound LY52 showed the binding energy at -
54.921 kcal/mol with interactions at LEU137, THR143, ARG149, ALA136 in S2'-S3'
subsite and HIS120 in S1’ pocket of the catalytic site. (Figure 44) Ergosterol showed the
CDOCKER interaction energy at -32.7324 kcal/mol and shared common interactions
with the APP-IP reference ligand, which was HIS120 and TYR142 location of MMP-2
which nearby the chelation site of protease in S1’ pocket (Figure 45). Moreover, the
interaction of ergosterol to MMP-2 at the VAL117 region also shared similar interactions
in the original 3AYU complex structure. Besides that, the ergosterol displayed the most
interaction in S2’-S3’ pocket as same as the Compound 49 (Figure 46). The shared
interaction between ergosterol, LY52 and compound 49 was the hydrophobic interaction
at LEU137 region of MMP-2. Interestingly, LY52 and Ergosterol, which shared the
interaction at HIS120 showed more negative CDOCKER binding energy more than
compound 49. Therefore, the ergosterol showed the possibility of binding towards the

MMP-2 pocket as the potential MMP-2 inhibitors.



Table 21 Molecular docking results of ligands and MMP-2 proteinase.

X-ray Ligands

CDOCKER
interaction energy

(kcal/mol)

Interaction bonds

APP-IP (reference ligand)

MMP-2

-134.252

ZN415

ALA85

ALA87

TYR142

PRO140

HIS84

HIS120

HIS124

HIS130

PRO5

TYR73

HIS84

PHEB86

TYR112

LY52

-54.9210

LEU137

THR143

ARG149

ALA136

HIS120

PRO134

Compound 49

-31.0116

THR145
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X-ray

CDOCKER
Ligands interaction energy Interaction bonds

(kcal/mol)

ASN147

LEU137

ARG149

VAL117

LEU116

Ergosterol -32.7324 LEU137

HIS120

TYR142

Figure 44

H

The ligand interaction between the LY52 and MMP-2 enzyme.



Figure 45

Figure 46
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The ligand interaction between the ergosterol and MMP-2 enzyme

ety

The ligand interaction between compound 49 and MMP-2 protein.
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CHAPTER V DISCUSSION

The current cancer drugs often have poor target selectivity, and some were
designed to target and disrupt the multifunction of cancer pathways (83). As a
consequence, cancer patients suffered from various adverse effects such as pain,
fatigue, and peripheral neuropathy (50). Moreover, resistant to cancer drug has been a
significant concern because of the cancer heterogeneity, target alteration, and tumor
microenvironment promote resistant to medicine (84, 85). Natural product derivatives
have been studied for their various activities, including cytotoxicity, apoptosis induction,
cell cycle arrest, anti-angiogenesis, anti-metastasis, and immunomodulatory effects.
That improves antitumor activity and functional outcomes (86, 87). Besides the potent
activity, some natural derivatives showed a very low or non-toxic in healthy cells and a

minimal side effect in patients (88).

Mushroom extracts have been gained much attention for their bioactive
compounds. For instance, several known mushrooms such as Ganoderma lucidum and
Trametes versicolor have been studied in their polysaccharides fraction PSK and Krestin
(15, 18, 75). Likewise, crude extract and active compounds from Auriculariceae family
such as Auricularia auricula-judae and Auricularia polytricha also have been explored
their crude extracts and active compounds. Polysaccharides such as B-D-glucan, a
well-known compound with immunomodulation and antitumor activity, have been
observed in the Auriculariaece family (20, 60, 64, 89). Therefore, in this study, we aimed
to study Auricularia polytricha for their antitumor activity against cancer cell lines
(HepG2, MCF-7, and MDA-MB-231) by exploring the anticancer activity of the crude
ethanol extract in comparison to the crude hexane extract. Anticancer activity of the two

extracts was investigated for the first time by our group.
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The referring tables and figures in this discussion chapter are from chapter IV.
GC/MS analysis of compounds and their compositions of APE were carried out in
comparison to that of APH. The results (Table 8 and 9) indicate that both extracts
contain common compounds such as palmitic acid, linoleic acid, and stearic acid.
However, the composition of these acids was found to be higher in APE (by Soxhlet
extraction) than that found in APH (by maceration). The increase in acids composition
due to the ability of ethanol, as a polar solvent, to extract OLIt more of polar acids from
AP than non-polar solvent such as hexane (14). It is noteworthy that a group of ethyl
esters was only found in APE. They are pentadecanoic acid ethyl ester, hexadecenoic
acid ethyl ester, 9,12-octadecadienoic acid ethyl ester, ethyl oleate, and octadecanoic
acid ethyl ester. These ethyl esters are artifacts which were originated from the
esterification of fatty acids and ethanol at elevated temperature to form the
corresponding fatty acid ethyl esters (90). In GC/MS analysis, oleic acid was only found
in APH extract. From our previous data on GC/MS analysis of APH, we suggested that
the high temperature of GC/MS analysis could induce fragmentation of triacylglycerols
to form free fatty acids (91, 92). Oleic acid was not extracted product, but it was instead
a free fatty acid derived from high temperature-induced fragmentation triacylglycerols of
F1 and F2 in the GC-MS analysis (89). On the other hand, the less polar compounds
such as 9(11)-Dehydroergosteryl benzoate, Anthiaergostan-5,7,9,16,22-pentane, and
Anthiaergostan-5,7,9,22-tetraen-3-ol were only present in APH. Moreover, these three
compounds not only found in AP but also have been reported in the GC/MS profile of
Pleurotus cornucopiae mushroom before (93).

Ergosterol was found in both APE and APH extracts. The composition of
ergosterol (36.28%) in APH is much higher than that (14.76%) found in APE. These
results suggest that hexane would be a more efficient solvent for the extraction of

ergosterol than ethanol. However, ergosterol would be capable of solubilized in either
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ethanol or hexane. This unique property is due to the structural design of ergosterol,
which contains the polar hydroxy (OH) group as well as the non-polar polycyclic
hydrocarbon structure.

Moreover, this solubility nature would make ergosterol being a bioavailable and
essential compound in AP. It is, therefore, not surprising to find ergosterol existed in
many mushrooms as it is well known to play essential roles in supporting components in
the mushroom cell membrane and the metabolic processes in fungus (94-96).

TLC was performed to optimize the mobile system for APH separation in further
separation. We found that the Hexane and Ethyl acetate system at 80: 20 ratios were the
best condition for four fractions of APH (Table 10). Following by separation of APH crude
extract by PREP-LC resulted in several fractions mixture and four main fractions, which
further confirmed by TLC (Figures 21 and 22). Four main fractions have been reported in
our previous study (92). The identification of all fractions said that F1 and F2 were
triacylglycerols, while F3 was identified as linoleic acid, and F4 was identified as
ergosterol. This study in HPLC analysis also confirmed the APH-purified ergosterol and

commercial ergosterol have an identical characteristic, as shown in Figure 23A-C.

In this work, APE and APH extracts were screened by MTT assay against
hepatocellular carcinoma HepG2 cell line and Breast cancer cell lines (MCF-7 and
MDA-MB-231) and found that the cell lines are more sensitive toward APH than APE as
presented in Table 12 and Figure 24-26. Since the composition of ergosterol is almost
twice as much in APH compared to that found APE. Therefore, APH has been prioritized
for further study. In the cell viability screening of the control Doxorubicin (DOX) against
the three cancer cell lines for 24 hours, one observed its IC, values against MDA-MB-
231(> 2 uyM) is higher than MCF-7 (0.46 + 0.07) and HepG2 cell line (0.48 + 0.06).

Results confirm the aggressive nature of the cells against Doxorubicin (97).
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The cell viability testing with four fractions have been performed on breast
cancer cell lines and HepG2 tested with ergosterol. The results found that ergosterol
showed the highest inhibition among four fractions in all three cell lines. (Table 13 and

Figure 28-30)

Furthermore, mouse fibroblast cell line 3T3-L1 also used to determine the effect
of treatments of APH, ER, DOX, and BB against healthy cells (78, 79). It demonstrated
(Table 14 and Figure 30) that the cytotoxicity of APH, DOX, and BB against this cell line
are lower than cancer cells. While ER showed IC, values at 13.53 + 0.51 and 23.54 +
3.14 uM at 24 and 48 hours, respectively. While at 72 hours incubation time of ER could
not determine IC., value. These results suggest that APH and ergosterol are more

sensitivity toward cancer cells than 3T3-L1 cells.

The antitumor mechanisms were further assessed via apoptosis, cell cycle,
migration, and invasion assays. In apoptosis assay, APE, APH, and DOX were tested in
HepG2 cells and resulted in a significantly induced apoptosis at a high dose of APE,
APH, and DOX. While, APH, ER, and DOX were treated in MCF-7 and MDA-MB-231 cell
lines. Induction of apoptosis cells was observed after the treatment of the cells with
APH, DOX, and Ergosterol at increasing doses. These are evidenced by the higher
population of annexin V positive cells that indicated the early apoptotic cell population,
as shown in Table 16 and Figure 31-33. Moreover, the double strained at the highest
dose of APH (50 pg/ml), and Ergosterol (25 pM) showed significantly. Apoptosis
induction capacity of AP has been reported with polysaccharides purified compound in

A549 cell lines (24).

For the cell cycle arrest of APH and Ergosterol treatment in MCF-7 and MDA-MB-
231 cell lines, APH showed no significantly arrest at the cell cycle in MCF-7 and MDA-

MB-231 cell lines at higher doses (Figure 34-36). Moreover, the result of ergosterol in
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this study was unable to induce cell cycle arrest in these cancer cell lines. Ergosterol
found not to affect the G2/M phase in the human promyeloblast cell line (HL-60) cells as

well (98).

Next, the migration inhibitory effect of APH and ergosterol have been
investigated by wound-healing assay. The wound-healing results showed the migratory
effect differently depends on the motility of cell lines as HepG2 and MCF-7 are less
invasiveness than MDA-MB-231 cell lines (99), so the migration was observed at 24
hours while MDA-MB-231 cell line exerts the higher invasive behavior so the result at 6
hours was monitored. Refers to the wound closure rate in Table 17 (Figure 37-39), APH
(50 pg/ml) and ER (50 uM) showed the inhibitory effect of wound healing better than low
doses of APH and ergosterol. In the MCF-7 migration result, APH at 25 ug/ml enhanced
the migration, which could be from linoleic acid in APH crude extract, which accounted
for about 19% counteracted with ergosterol activity. A broad MMPs inhibitor, batimastat,
which has been known to inhibit cell migration, was used as a positive control in these

migration and invasion assays (100).

Moreover, the transwell invasion was performed in the high invasive MDA-MB-
231 cell line. The invaded cells pass through the Matrigel gel coating, which contained
the main component of extracellular matrices such as laminin and collagen IV (101).
APH, ER, and BB treatments resulted in the decreased of invaded cells in a dose-
dependent manner compared to the vehicle control, as illustrated in Table 18 and Figure
40. Thus, APH and ergosterol can inhibit the invasion in the MDA-MB-231 cell line.
Ergosterol also has been reported to the active compound that induced apoptosis in
MDA-MB-231 cell by the upregulation of Foxo 3, a tumor suppressor, which resulted in
the evaluation of Bim and Fas L in the apoptotic pathway. Also, inhibited the migration

and invasion of breast cancer cell lines, B16 cells, and tumor-bearing mice in the study
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of Amauroderma rude mushroom (102). Moreover, Ergosterol isolated from Ganoderma
lucidum was reported to inhibit cell viability of various cancers such as human breast
carcinoma cells MDA-MB-231, human hepatocellular carcinoma cells HepG2, human
lung carcinoma cells A549 as well as human umbilical vein endothelial cells HUVECs,
which used for anti-angiogenesis screening. Interestingly, in our work, the apoptosis
induction and migration inhibition on HepG2, MCF-7, and MDA-MB-231 cells could be
observed from ergosterol treatments since 6 uM and the transwell invasion inhibition in
MDA-MB-231 also showed the significant inhibition at the low dose. It should be noted
that the invasion step of cancer requires multiple enzymes and growth factors to
regulate the mechanism which included Matrix metalloproteinase enzyme (MMPs)
especially Gelatinases family (MMP-2 and MMP-9) which have been reported to be
associated with poor prognosis in cancer patients (103). The ergosterol effect on MMP-2

enzyme in the antitumor activity via the molecular docking for the first time.

It is hypothesized that MMP-2 may be one of the enzymes targeted by APH or
ergosterol. The molecular modeling was performed and compared with a known MMP-2
referenced compound APP-IP and resulted that Ergosterol occupied two interactions to
MMP-2 catalytic domain in S1'pocket, which locate at HIS120 and VAL117 region of
MMP-2 (Table 20). Most of the ergosterol structure remained outside near to S2’-S3’
pocket, but the interaction in S2’-S3’ pocket also showed inhibition with less potency to
MMP-2. The MMP-2 inhibitors have been studied in many natural derivatives such as
Curcumin and Resveratrol (88, 103). The promising target of the MMP-2 domain has
been published the criteria for a potential drug as the compound should show the
interaction either with interact to a zinc-catalytic ion in binding pocket binds to S1’
subsites near Zn-catalytic domain or form the hydrogen bonds in the binding pocket

(74, 104). The analysis of the molecular modeling results in comparison to the results
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found in invasion assay can only provide some insight into the possibility of MMP-2
being a target. The results should be considered as an indication, which will require

further validation by MMP-2 inhibition study in vitro assay.

Ergosterol has shown to have the highest antitumor activity among all isolated
compounds from APH, exhibiting via antiproliferation, induced apoptosis, migration, and
invasion inhibitions of HepG2, MCF-7, and MDA-MB-231 cancer cells. Interestingly, the
APH in crude mixture showed better activity than the isolated ergosterol, which may
suggest the combination effect between fractions of APH. Moreover, an in-depth
investigation is required to understand the mode of actions in antiproliferation, induced
apoptosis, migration, and invasion inhibitions caused by APH and ergosterol. Therefore,
both the combination effect and biochemical cascade need further investigation in the

future.
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CHAPTER VI CONCLUSION

In summary, we have demonstrated the antitumor activity of Auricularia
polytricha both in the ethanol extract by Soxhlet extraction and hexane extract by
maceration. Ergosterol was found to be the main component in APH. The authentication
and purity of isolated ergosterol were tested by HPLC and confirmed to be the same as
the commercial product. The APH showed higher inhibition of HepG2, MCF-7, and
MDA-MB-231 cancer cells in cell viability screening than APE. APH was found to less
cytotoxic against 3T3-L1 healthy cells than the studies cancerous cells. APH crude
mixture and ergosterol were the most active in apoptosis induction, migration, and

invasion inhibition in cancer cells.

The results from the invasion and migration study suggested that MMP-2 may be
a possible target enzyme. Computer-aided molecular modeling study has provided
some insight into this hypothesis. In vitro, MMP-2 enzyme inhibition by APH or ergosterol

would help in validating the prediction.

Even though, the cytotoxicity test performed in this study with 3T3-L1 cells and
resulted in lower toxic than in cancer cells. However, healthy human cell lines should be
investigated further for a reliable outcome. The limitation in mechanism investigation on
protein targets such as pro-apoptotic regulatory proteins and MMP-2 enzyme activity
needs to clarify. The combination effect of F1, F2, F3, and ergosterol in APH is also in
our future direction. These allow us to engage in the development of Auricularia

polytricha as a potential candidate drug or formulation for cancer therapy in the future.
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