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(4) CYTOTOXIC EVALUATION OF Leptospermum javanicum AND Baeckea frutescens ALONG WITH THE ANTI-CANCER ACTIVITIES OF THE ACTIVE ISOLATE, BETULINIC ACID ABSTRACT The usage of natural products as precursors for pharmacologically significant outputs has longed yielded positive outcomes. Along these lines, this study chose to look. a. into Leptospermum javanicum and Baeckea frutescens, both found in mountainous region. ay. in Peninsular Malaysia and have limited biological investigations. The aim of the present. al. study was to assess the cytotoxicity of both plants against lung cancer cells, followed by evaluating the anti-cancer and anti-metastatic properties of the active extracts and their. M. compound. In addition to this, the protein expression of the active compound was. of. evaluated to obtain a better understanding into the mechanism of action. The crude methanol extracts of both plants showed no signs of acute oral toxicity when tested on. ty. Sprague-Dawley rats. The cytotoxic potentials of the extraction yields (methanol, hexane,. si. ethyl acetate and water extracts as wells as a semi pure fraction, LF1 from L. javanicum). ve r. were evaluated against two human non-small cell lung carcinoma cell lines (A549 and NCI-H1299) using the MTT assay, with LF1 being the most promising. LF1 treatment. ni. resulted in the manifestation of a sub-G1 region in the cell cycle analysis while also. U. causing presences of apoptotic morphologies in cells stained with acridine orange and ethidium bromide (AO/EB). Treatment with LF1 resulted in an apoptotic population in cells that were evaluated using the Annexin V/ propidium iodide assay. Blockage of cell cycle progression was also observed in LF1-treated cells. Following this, LF1 underwent isolation and purification to yield a white powder which was identified as Betulinic acid (BA) via NMR, LCMS and IR spectroscopy. The isolate, BA, which produced an encouraging cytotoxic effect against A549 and NCI-H1299 cells through the MTT assay, was further assessed with AO/EB staining, TUNEL assay, sub-G1 population. iii. 

(5) quantification as well as activated caspase-3 detection. The data pointed towards the induction of apoptosis as a result of increasing concentrations of BA, regardless of the p53 status in both cell lines. Treatment with BA also prevented an effective attachment of the invasive A549 cells onto a new culture surface, in addition to diminishing the migratory and invasive potential of treated cells across an uncoated porous membrane and a Matrigel-coated membrane, respectively. Further investigation through the ELISA. a. detection method and gelatin zymography showed an adverse effect to production of. ay. matrix metalloproteinase-2 (MMP-2). Protein expression of BA-treated cells showed decreased levels of p-Akt, ERK1/2 and cyclin D1 followed by a slight increase in p21. al. and p27 expression, all of which is believed to have contributed to the G0/G1 arrest. In. M. addition to this, alteration in NF-κB, IκB-α, STAT3 and JNK phosphorylation due to treatment with BA could have been a contributing factor to its apoptotic and anti-. of. metastatic properties. Taken together, the results showed that the L. javanicum isolate,. ty. BA, possess anti-cancer effects through induction of apoptosis, restriction of cell cycle. si. progression and anti-metastatic effects on human lung cancer cells. The ability of BA to not only eradicate but control the spread of lung cancer cells makes it a promising lead. ve r. compound in the treatment of lung cancer. Keywords:. Leptospermum javanicum, Baeckea frutescens, Betulinic acid, apoptosis,. U. ni. cell cycle arrest, metastasis.. iv. 

(6) PENILAIAN SITOTOKSIK Leptospermum javanicum DAN Baeckea frutescens SERTA AKTIVITI ANTI-KANSER KOMPONEN AKTIF, ASID BETULINIK ABSTRAK Penggunaan produk semula jadi sebagai pelopor dalam bidang farmakologi telah lama membuahkan hasil yang positif. Berlandaskan ini, kajian ini telah memilih untuk mengkaji Leptospermum javanicum dan Baeckea frutescens, dua tumbuhan yang. a. dijumpai di kawasan pergunungan Semenanjung Malaysia dan mempunyai siasatan. ay. biologi yang terhad. Tujuan kajian ini adalah untuk menilai aktiviti sitotoksik kedua-dua tumbuhan pada sel-sel kanser paru-paru dan kemudiannya menilai sifat-sifat anti-kanser. al. dan anti-metastatik ekstrak-ekstrak aktif dan konstituennya. Tambahan lagi, kesan ke atas. M. ekspresi protein yang disebabkan konstituen aktif telah dinilai untuk mendapatkan pemahaman yang lebih baik terhadap mekanisme tindakannya. Ekstrak-ekstrak mentah. of. metanol kedua-dua tumbuhan tidak menunjukkan sebarang tanda toksiksiti akut apabila. ty. diuji pada tikus Sprague-Dawley. Potensi sitotoksik hasil pengekstrakan (ekstrak. si. metanol, heksana, etil asetat dan air serta fraksi separa tulen, LF1 dari L. javanicum) telah dinilai terhadap dua sel kanser paru-paru (A549 dan NCI-H1299) menggunakan esei. ve r. MTT, dimana LF1 adalah yang paling efektif. Sel yang dirawat dengan LF1 menghasilkan populasi sub-G1 dalam analisis kitaran sel disamping menyebabkan. ni. kehadiran morfologi apoptotik dalam sel-sel berlumuran dengan akridin jingga dan. U. etidium bromida (AO/EB). Rawatan dengan LF1 menunjukkan populasi apoptotik dalam sel ketika dinilai dengan menggunakan esei Anesin V/ propidium iodide. Disamping itu, kehadiran kaspase-3 yang diaktifkan dikesan akibat rawatan LF1. Sekatan perkembangan kitaran sel juga diperhatikan dalam sel-sel yang dirawat oleh LF1. Berikutan ini, LF1 telah melalui proses pengasingan dan penulenan untuk mengdapatkan serbuk putih yang telah dikenal pasti sebagai Asid Betulinik (BA) melalui spektroskopi NMR, LCMS dan IR. BA menghasilkan kesan sitotoksik yang menggalakkan terhadap sel-sel A549 dan. v. 

(7) NCI-H1299 melalui esei MTT, dan kemudiannya dinilai dengan AO/EB, esei TUNEL, kuantifikasi populasi sub-G1 serta pengesanan kaspase-3 yang diaktifkan. Data menunjukkan bahawa induksi apoptosis dengan peningkatan kepekatan BA, tanpa mengira status p53 di kedua-dua titisan sel. Rawatan dengan BA juga menghalang lampiran berkesan sel-sel A549 invasif ke permukaan kultur baru, di samping mengurangkan potensi migrasi dan invasif sel-sel yang dirawat BA di seluruh membran. a. berliang tidak bersalut dan membran Matrigel bersalut. Siasatan lanjut melalui kaedah. ay. pengesanan ELISA dan gelatin zimografi menunjukkan kesan yang negatif kepada penghasilan matriks metaloproteinase-2 (MMP-2). Siasatan ke atas ekspresi protein sel-. al. sel yang dirawat BA menunjukkan penurunan tahap p-Akt, ERK1/2 dan siklin D1 diikuti. M. oleh sedikit peningkatan dalam ekspresi p21 dan p27, semuanya dipercayai telah menyumbang kepada sekatan kitaran sel di fasa G0/G1. Tambahan lagi, perubahan. of. pemfosforilan NF-κB, IκB-α, STAT3 dan JNK akibat rawatan BA berkemungkinan. ty. menjadi faktor yang menyumbang kepada sifat-sifat apoptotik dan anti-metastatik BA.. si. Secara keseruluhan, keputusan menunjukkan bahawa konstituen L. javanicum, BA, mempunyai kesan-kesan anti-kanser melalui induksi apoptosis, sekatan perkembangan. ve r. kitaran sel dan kesan anti-metastatik pada sel-sel kanser paru-paru manusia. Keupayaan BA bukan sahaja untuk membasmi tetapi mengawal penyebaran sel-sel kanser paru-paru. ni. menjadikannya kompaun yang berpotensi dalam rawatan kanser paru-paru.. U. Kata Kunci: Leptospermum javanicum, Baeckea frutescens, Betulinic acid, apoptosis, sekatan kitaran sel, metastatik.. vi. 
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(21) CHAPTER 1: INTRODUCTION. Cancer has overwhelmed humans since the beginning of recorded history. It is a persistent ailment where more than a million people are diagnosed with this disease each year and has a significant social impact and considerable economic burden on our healthcare system. Cancer was the fourth largest cause of reported mortality among Malaysians. The National Cancer Registry Report 2007-2011, Malaysia (Abdul Manan. a. et al., 2016; Omar & Ibrahim, 2011) reported that a total of 103,507 new cancer cases. ay. were diagnosed and registered at the National Cancer Registry from the year of 2007 to. al. 2011.. M. One manifestation of this ailment that is severely disregarded is lung cancer that makes up for 19.8% of all medically certified deaths attributed to cancer in Malaysia. of. (Sachithanandan & Badmanaban, 2012). Lung cancer arise from mutations present in the. ty. respiratory epithelium and can be grouped into two broad categories, small cell lung. si. cancer (SCLC) (15% of diagnosed cases) and non–small cell lung cancer (NSCLC) (85%. ve r. of diagnosed cases). NSCLC patients have a low survival outcome worldwide; less than 20% of patients survived beyond five years upon being diagnosed with the disease. ni. (Bartucci et al., 2011; Collins et al., 2007; Jemal et al., 2010).. U. The usage of standard chemotherapy may help to a certain extent but more often. the survival benefits are at the expense of severe toxicity and unwanted side effects. Based on this reasoning, an ethical imperative arises to seek less toxic alternative to current chemotherapy drugs that is able to effectively combat and manage this disease and at the same time exclude severe toxicity and unwanted complications that are synonymous with current treatment.. 1. 

(22) Historically, scientists have been turning to natural products to seek cures against cancer. Stereo chemically complex molecules present in natural products appears to have a much higher speciﬁcity towards certain biological target when compared to synthetic drugs (Khazir et al., 2013). The continuous discovery of biological active secondary metabolites from natural product sources show that it is still a viable tool in drug discovery. More than half of the presently approved chemotherapy drug are directly or. a. indirectly sourced from natural products (Khazir et al., 2013).. ay. In order to look for possible alternative modalities against lung cancer, the plant. al. family of Myrtaceae was looked into. The myrtle family of shrubs and trees, in the. M. order Myrtales, contains about 150 genera and 3,300 species that are widely distributed in the tropics. L. javanicum and B. frutescens were selected for this study.. of. L. javanicum (known previously as Leptospermum flavescens) is a medium sized. ty. shrub in the Myrtaceae family with many twiggy angular branches and a reddish-brown. si. bark. The flowers are solitary, numerous and white with a yellow tinge. L. javanicum has. ve r. been used as a natural remedy by locals, either eaten raw or taken as a concoction brewed from fresh plants. The plant has been brewed as a tea and used as a local remedy for various ailments (Burkill, 1966; Jantan et al., 1995). Although L. javanicum is reported. ni. to be used in traditional medicine preparations, there is limited data on the biological and. U. chemical investigations of the species.. B. frutescens is found in Peninsular Malaysia, Sumatra as well as the coastal areas of southern China and Australia. In Peninsular Malaysia, B. frutescens is found both on the mountain tops and sandy coasts. The entire plant, except the roots, has been traditionally used by the Chinese, Malaysians and Indonesians to treat a list of common ailments, ranging from fevers to sunstrokes. In addition, the essential oil of this plant has been used in the treatment of rheumatism (Herbal Medicine Research Centre, 2002). At 2. 

(23) the beginning of this research, there has only been limited published literature on B. frustescens. Investigation by Fujimoto et al. (1996) reported a strong cytotoxic activity against L1210 leukaemia cells while Makino and Fujimoto (1999) managed to isolate three new flavanones from B. frustescens. A later report by Hwang et al. (2004) indicated the anti-cariogenic, anti-malarial and anti-babesial activity of B. frustescens.. This study aimed to determine the possibility of these two plants possessing. a. compound which may be developed into a potent anti-cancer agent, specifically lung. ay. cancer. A comprehensive treatment encompassing restriction of growth, inhibition of. al. metastasis and ultimately cancer cell death was sought out through this study.. M. In order to achieve the above, this study was initiated through the solvent extraction process of L. javanicum and B. frutescens. The resulting crude methanol. of. extracts were subjected to the acute oral toxicity test to determine the toxic level of the. ty. plants. In addition to this, the extracts were subjected to cytotoxic evaluation using the 3-. si. (4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The active. ve r. fraction from this test was subsequently used in apoptotic evaluation studies (such as Acridine orange/ Ethidium bromide [AO/EB] assay, the Annexin V/PI assay, Caspase-3 detection assay) as well as cell cycle arrest analysis. The active component present in the. ni. above active fraction was isolated and purified using column chromatography and thin. U. layer chromatography (TLC). This was followed by an identification process that incorporated three different techniques, Nuclear magnetic resonance (NMR), Infrared (IR) and Liquid chromatography–mass spectrometry (LCMS). The effect of the isolated compound on treated lung cancer cell was evaluated using the AO/EB assay, the caspase3 detection assay and the TUNEL assay. The capabilities of the compound to induce cell cycle arrest was also evaluated. To further study the capabilities of the isolated compound in suppressing aspects of metastasis, the adhesion, migration and invasion assays were. 3. 

(24) carried out. This was followed up by evaluating the levels of MMP-2 and MMP-9 production through the gelatin zymogram and the Enzyme-linked immunosorbent assay (ELISA). Lastly, in an attempt to uncover possible targets of the isolated compound, the cell lysate of treated cells was subjected to western blot analysis as well as ELISA detection. This was done with the hope of obtaining a better understanding of the mechanisms affected due to treatment with the isolated compound. As summary of the. ay. a. procedures carried out is outlined in Figure 1.1.. M. al. Objectives of study. The main objectives of the present study are as follows:. to evaluate the cytotoxic activities of L. javanicum and B. frutescens extracts on. of. i.. ty. selected human lung cancer cell lines;. to isolate and identify the chemical constituents from the cytotoxic extracts;. iii.. to assess the cytotoxic activities of the identified chemical constituents on selected. ve r. si. ii.. human lung cancer cell lines; to evaluate the anti-invasive properties of the cytotoxic chemical constituents on. ni. iv.. U. metastatic cancer cells; and. v.. to determine the cell death mechanisms induced by the cytotoxic chemical constituents.. 4. 

(25) Fresh samples of L. javanicum and B. frutescens Washed, dried and ground Dried and ground plant materials Crude methanol. a. extract Fraction with hexane, ethyl acetate. ay. Acute oral toxicity. M. al. and water. Hexane extract. Ethyl acetate extract. of. Water extract. si. ty. Cytotoxic assay. ve r. Identified cytotoxic extract. Apoptotic evaluation. ni. Cell cycle disruption evaluation. U. • • • •. Acridine Orange (AO) / Ethidium Bromide (EB) double staining assay Annexin V-FITC / propidium iodide assay Caspase-3 detection Sub-G1 analysis. •. Cell cycle arrest analysis. Cont.. Figure 1.1: Outline of the experimental design for the study.. 5. 

(26) Cont. Column chromatography, TLC Chemical constituent Spectroscopic and spectrometric identification (NMR, IR and LCMS). ay. a. Identified chemical constituent. al. Cytotoxic assay. of. M. Identified cytotoxic chemical constituent. Cell cycle disruption evaluation Cell cycle arrest analysis. ty. •. Acridine Orange (AO) / Ethidium Bromide (EB) double staining assay TUNEL assay Caspase-3 detection Sub-G1 analysis. ve r. •. si. Apoptotic evaluation. • • •. Adhesion assay Migration assay Invasion assay. U. ni. • • •. Anti-metastatic evaluation. Protein Expression Detection • • • •. Western Blot ELISA Gelatin Zymogram ELISA detection of MMP-2 and MMP-9. Figure 1.1: continued. 6. 

(27) CHAPTER 2: LITERATURE REVIEW. 2.1 Cancer Cancer can be defined as a set of diseases characterized by unregulated cell growth leading to invasion of surrounding tissues and spread (metastasis) to other anatomical sites in the body (King & Robins, 2006). The development of cancer occurs when normal cells in a particular part of the body begin to grow out of control; continuing to grow,. ay. a. divide and re-divide instead of dying, leading to the formation of new abnormal cells (King & Robins, 2006). Up to a certain point, certain types of cancer undergo. al. transformation which leads to its movement through the blood circulation system or the. M. lymphatic vessels before finally “settling down” in a new site. In other words, the tumour is considered to have developed into a cancer once it metastasizes to other parts of the. of. body (Hanahan & Weinberg, 2011). Although being a disease associated with mankind. ty. for such a long time, this disease continues to plague humans to this day; the absolute number of cases worldwide has greatly increased and this trend is accelerating in many. ve r. si. countries around the globe (Sasco & Nikulin, 2008).. One of the first descriptions of cancer can be found in ancient Egyptian papyri. ni. dating between 3000 B.C and 1500 B.C (Sasco, 2008). Hippocrates, often regarded as the. U. father of medicine, described cancer in detail and used the Greek terms "carcinos" and "carcinoma" to refer to chronic ulcers or growths that seemed to be malignant tumours and "squirr(h)e" to refer to a type of cancer (epithelium) with a hard consistency due to the predominance of a sclerosis with a tissue retraction (Hajdu, 2011).. 7. 

(28) In the late 1970s, the discovery of oncogenes as well as tumour suppressor genes greatly increased the efficiency of cancer treatment as specific target were available to either suppress, repair, control or kill the cell afflicted with this condition. Briefly, oncogenes are activated genes that function to promote cancer cell proliferation while tumour suppressor genes contribute to cancer development through loss of its function; essentially acting as an “emergency brake” to avoid inappropriate cell division (Boyle &. Cancer epidemiology. ay. 2.1.1. a. Levin, 2008).. al. To put the seriousness of cancer into perspective, one in seven reported deaths. M. worldwide was due to a failed battle with cancer. Among high income nations, the disease is responsible for the second most cause of death (preceded only by cardiovascular. of. disease), while being the third highest cause of death in developing countries. In fact, the United Nations has even gone as far as estimating that cancer related deaths have. ty. suppressed all coronary heart disease or all stroke (World Health Organization, 2015).. si. According to a report by International Agency for Research on Cancer (IARC), there were. ve r. a total of 14.2 million new cancer cases reported in 2012, not including non-melanoma skin cancer (Ferlay et al., 2015). In the same year, there were about 8.2 million cancer. ni. related deaths reported (around 22,000 per day), with a higher incidence in developing. U. countries compared to developed nations (5.3 million against 2.9 million cases). By only taking into account the growth and aging trends of the current global population, 21.7 million new cases and 13 million cancer related deaths are expected by the year 2030 (Torre et al., 2015). This is an optimistic expectation at most, as it does not take into factor the rising adoption of unhealthy lifestyles such as smoking, physical inactivity, a poor diet as well as fewer number of pregnancies. In fact, the types of cancer that are directly linked with these living behaviours, such as colorectal, breast and lung cancers are already shooting in numbers among economically transitioning countries (Torre et al., 2015).. 8. 

(29) Looking a little deeper, incidence rate of all cancer combined was higher in developed countries (such as Europe, Northern America, Australia/New Zealand, and Japan) as compared to developing countries (such as Africa, Latin America and the Caribbean, Melanesia, Micronesia, and Polynesia) (Alwan, 2011). This could be attributed to prevalence of the above mentioned unhealthy lifestyles in high income nations. At the same time, the high number could also be attributed to an increased. a. efficiency in detecting the disease due to better diagnostic method as well as a better. ay. awareness in developed nation. The mortality rate in both developed and developing countries are similar. The variations among cancer incidence and cancer related-mortality. al. is dependent the type of cancers involved as well as the availability and accessibility of. M. services catering to early detection and their subsequent treatment modalities.. of. Three of the most diagnosed type of cancers in economically developed countries were prostate, lung, and colorectal among males, and breast, colorectal, and lung among. ty. females. On the other hand, in economically developing countries, the three most. si. commonly diagnosed cancer types were lung, liver, and stomach in males, and breast,. ve r. cervix uteri, and lung in females. In both economically developed and developing countries, the three most common cancer sites were also the three leading causes of cancer. ni. death. Lung and breast cancer have the highest worldwide incidence and mortality rates. U. among men and women, respectively. Worryingly, with respect to lung cancer, the number of deaths is just slightly below the number of newly reported cases (1,241,600 incidence vs 1,098,700 deaths for men and 583,100 incidence vs 491,200 deaths for women) (Ferlay et al., 2015).. 9. 

(30) Looking a little closer at home, cancer contributed to 13.56% of all deaths that occurred in Malaysian government hospitals in 2015. 103,507 new cancer cases were diagnosed in Malaysia during the period of 2007 to 2011 whereby 46,794 (45.2%) were reported in males while 56,713 (54.8%) in females (Abdul Manan et al., 2016). The five most common cancers among males were cancers of the colorectal (16.3%), followed by lung (15.8%), nasopharynx (8.1%), lymphoma (6.8%) and prostate (6.7%). Among. a. females, the five most common were cancers of the breast (32.1%), colorectal (10.7%),. Lung cancer. al. 2.1.2. ay. cervix uteri (7.7%), ovary (6.1%) and lung (5.6%) (Abdul Manan et al., 2016).. M. One form of cancer that is severely overlooked is lung cancer which accounts for 19.8% of all medically certified deaths due to cancer in Malaysia (Sachithanandan &. of. Badmanaban, 2012). On a global perspective, new cancer diagnoses largely consist of lung cancer cases, whereby 1.8 million or 13% of total new cancer cases were contributed. ty. from lung cancer. Lung cancer attributes to the highest cause of cancer related deaths in. si. men (1.1 million), while being the second most cause of death in women (491,200) with. ve r. an estimated total of 1.6 million worldwide in the year 2012. However, lung cancer has surpassed breast cancer as the leading cause of cancer deaths among women in developing. U. ni. countries (Ferlay et al., 2015).. Mutations in the respiratory epithelium gives rise to lung cancer which can be. grouped into two broad categories, small cell lung cancer (SCLC) and non–small cell lung cancer (NSCLC). About 15% of all lung cancer cases fall under SCLC, which is an extremely malignant form of tumour originating from cells that exhibits neuroendocrine characteristics. The remainder 85% cases fall into the NSCLC category which can be broken down into three more groups based on their pathologic subtypes, large cell carcinoma, adenocarcinoma, and squamous cell carcinoma (Bi et al., 2014). Worldwide,. 10. 

(31) less than 20% of those afflicted with NSCLC survived beyond five years after being diagnosed with the disease, contributing to the fact that this disease has a low survival rate (Bartucci et al., 2011; Collins et al., 2007; Jemal et al., 2010).. Increasing trends in the number of new lung cancer cases, especially Asia, are expected in the years to come (Dela Cruz et al., 2011). In fact, the figure of lung cancer cases has climbed by 51% since the year 1985, mostly in women, whereby a rise of 76%. a. in new patients have been recorded (Dela Cruz et al., 2011). Both of these occurrences. ay. are grounded on a global rise in the usage of tobacco, which is identified as the chief risk. al. factor for lung cancer and is responsible for a large share of all pulmonary carcinomas.. M. Non-smokers are also affected by this ever prominent illness, mainly due to one or a combination of causes comprising genetic factors (Gorlova et al., 2007), asbestos, air. of. pollution (Kabir et al., 2007), second-hand smoking and also Radon exposure (Catelinois. Lung cancer cell lines. si. 2.1.3. ty. et al., 2006) which is responsible as the second highest cause of lung cancer.. ve r. In order to assess the effects of the test subjects on lung cancer, two established lung cancer cell lines were utilized, A549 and NCI-H1299. The main differentiating characteristic of these cells would be the presence or absence of an active p53 gene in the. ni. cells. This would serve as an ideal method allowing for initial assessment to the. U. dependence of the test material towards the tumour suppressor gene, p53.. The A549 non-small lung cancer cell line was first established in 1972 by Giard et al. (1973) through explanation and continuous sub culturing of a human alveolar-cell carcinoma which originated from 58-year-old Caucasian male. These alveolar cells are squamous shaped and play a role in the movement of substances such as water and electrolytes across the alveoli of lungs (Sundararajan et al., 2014).. 11. 

(32) Studies by Lieber et al. (1976) validated that the cell line had indeed originated from a single cell and was of human origin. An epithelioid in morphology is present in A549 cultures. In addition to that, they also have the presence of multiple small cytoplasmic granules that can be observed through bright field and phase microscopy (Lieber et al., 1976). A549 possess a wild-type p53 expression, meaning the native expression of the protein is not affected through mutation.. a. NCI-H1299 is a carcinoma that has been derived from the metastatic lymph node. ay. of a 43-year-old male Caucasian that had received prior radiation therapy. These cells. al. have a homozygous partial deletion of the p53 protein, and lack expression of p53 protein. M. (Leroy et al., 2014). Giaccone et al. (1992) has reported that these cells are able to synthesize the neuromedin B peptide, but not the gastrin releasing peptide (GRP). The. of. NCI-H1299 cells also possess a mutation at the NRAS gene (Neuro RAS gene) (Ohashi et al., 2013). The NRAS gene provides instructions for making a protein called N-Ras. si. ty. that is involved primarily in regulating cell division.. ve r. NCI-H1299 has been used in a variety of experimentations in the study of p53 and its effect into the absence and presence of the gene, particularly in tandem with A549 which as mentioned earlier, has the wild type p53 present in it. Studies such as that done. ni. by Yao et al. (2016) have used this varying characteristic between NCI-H1299 and A549. U. for that very purpose, in this case to show that p53 activation is essential to the induction of pseudolaric acid B (PAB) induced senescence in human lung cancer cells.. 2.1.4. Carcinogenesis Cancer is a complex disease that is variable in its presentation, development and. outcome from one patient to another. Part of this arises from the fact that cancer is a multistep process, allowing numerous opportunities for variability to take place. Profound metabolic and behavioural changes which leads to excessive proliferation and the ability 12. 

(33) to evade the scrutiny of the immune system which ultimately ends up with invasive tissue formation through metastasis (Merlo et al., 2006). The accumulation of modification through genetic mutation that plays a role in the way cells proliferate and interact with neighbouring cell, will result in the formation of deregulated cells that contravene rules governing normal cell growth and behaviour. Asymptomatic condition in the initial phase of cancer development will eventually give rise to a myriad of symptoms as a result. a. impairment of physiological functionality of the tissue wherein the tumour is located. The. ay. final and usually most lethal step of cancer growth is spread of cancer to other sites within. Cancer development. M. 2.1.5. al. the organism.. The development of cancer as a result to exposure of carcinogen or cancer-causing. of. substances, can be typically divided into a few different steps. The first step is called ‘initiation’ during which the carcinogen cause mutation in the DNA sequences of normal. ty. cells. The initial stages of the cancer formation cause irreversible genetic damage. The. si. DNA contains 23,000 genes of which several thousands of these genes (3,000 - 5,000). ve r. are possibly targets of deregulation in cancer cells (Boyle & Levin, 2008). Cancer may be initiated by changes caused through mutation in the DNA sequence; as small as a single. ni. base changes that leads to formation of defective protein due to a substitution of a single. U. amino acid. Studies have implicated epigenetic changes as an early event in carcinogenesis as well (Jones & Baylin, 2002). In short, initiation involves one or more stable cellular changes arising spontaneously or induced by exposure to a carcinogen.. 13. 

(34) The tumour promotion step comprises of the selective clonal expansion of initiated cells (Kufe et al., 2003). Upon stimulation to undergo further proliferation, the transformed cells which was harmless up to this point, increases its population, causing an upset in the cellular balance as well as increasing the possibility of genetic alterations as well as malignant conversion (Kufe et al., 2003). The subsequent changes of an initiated cell leading to neoplastic transformation may involve more than one step and. a. requires repeated and prolonged exposures to promoting stimuli (Devi, 2004).. ay. Tumour promoters, which are often non-mutagenic or carcinogenic by. al. themselves, have ability to reduce the latency period for tumour formation after exposure. M. of cells to a tumour initiator. In other words, they function to increase the number of tumour formation in the exposed tissue. Besides that, tumour promoters are also able to. of. aide cancer initiation in cells exposed to low doses of initiators that are deemed too low to be considered a carcinogen. Some of the better-known tumour-promoting agents are. ty. dioxins, phenols, dichlorodiphenyltrichloroethane (DDT), cigarette-smoke condensate,. si. polychlorinated biphenyls (PCBs), estrogens and other hormones, bile acids as well as. ve r. ultraviolet light (Kufe et al., 2003).. The next and final phase would be the progression of pre-neoplastic cells into. ni. malignant cancer cells. Further mutations in the expanding pre-neoplastic clones are. U. required for the expression of malignant phenotypes. These genetic and epigenetic modifications confer the cells a growth advantage as well the capacity to successfully spread and colonize distant sites during the metastatic process (Boyle & Levin, 2008). The conversion to malignant cells is accelerated by a higher rate of cell division as well as an increased quantity of dividing cells in the benign tumour or pre-neoplastic lesion. As the tumour progression advance, cells have a diminished capacity to adhere to the matrix as well as among each other. This leads to detachment from the tumour mass. 14. 

(35) followed by invasion to the neighbouring tissue. In most cases, the cells are also able to secrete proteases that aids in the invasion beyond the immediate primary tumour location. Through the lymph and bloodstream, these metastatic cells are able to travel to distant organs and develop into secondary tumours at the new sites. These forms distant metastases, resulting in widely spread cancers. It is the metastatic process and tumour spreading that are mainly responsible for the lethal effects of many common human. a. tumours. Accumulation of gene mutations is believed to be the driving force for tumour. Sustainability of cancer cells. al. 2.1.6. ay. metastasis (Devi, 2004).. M. In order to ensure the survival of cancer cells, a few fundamental cellular rules have to be violated (Hanahan & Weinberg, 2000). Firstly, the cells should proceed to. of. divide only when they receive appropriate signals. To circumvent this requirement, cancer cells will permanently activate cell division by switching on the circuits that. ty. become activated normally when the cell is stimulated by a hormone or a growth factor. si. (Boyle & Levin, 2008). The second rule states that in an event of stressful condition or. ve r. irreparable DNA damage, the cells are required to undergo a self-destruct sequence to prevent the DNA replication and further accumulation errors in the DNA sequence.. ni. Tumour suppressor genes such as Rb1 and p53, which function as safety brakes to prevent. U. aberrant or excessive cell division, are typically removed or deactivated in cancer cells, thus not only preventing the suicide sequence from being initiated but also ensuring the continual division of abnormal cells. This would eventually lead to the formation of tumour mass. The third and last rule states that normal cells are only allowed to undergo cell division a limited, fixed number of times. The number of DNA replication and cell division in normal cells are limited to a finite number of times due to telomeres, the structure present at the end of each chromosome. The telomere is made of small repeats of DNA sequence which become eroded each time the cell divides (Boyle & Levin, 2008).. 15. 

(36) The cells enter a state of senescence upon depletion of all the repeats, crippling the ability of cells to divide. The activation of the enzyme telomerase in cancer cells permits the addition of new repeats the chromosome ends. This in turn allows the cancer cell to continuously replicate way past its programmed limited number. This process is equivalent to the acquisition of a form of “permanent cell youth” (Shay & Wright, 2011). Through the evasion of these three safety nets programmed in normal cells, cancerous. a. cells are able to thrive and lead to the subsequent advancement of this disease.. ay. Metastatic cells that have evolved well enough to migrate from organ to organ are. al. rather good at adapting to changing condition due to the acquired characteristic. M. throughout the carcinogenesis process (Boyle & Levin, 2008). Natural selection has allowed only the fittest and most aggressive cells to thrive, taking the place of other less. of. disorganized cells. It is due to robust nature of these cells that attempts to kill them through cytotoxic drugs as well radiation treatment has a limited effectiveness. This is the. ty. reason why most cancer conditions are best detected and treated at early stages, at times. si. when cancer cells possess a limited adaptive capacity that would have allowed it to resist. ve r. the effects of the treatment.. 2.1.7. Limitation of current treatments. ni. Advancement in healthcare has not only allowed better patient care but also given. U. us many avenues in combating cancer. Nevertheless, certain drawback occurs with currently available treatment. Among them are the limitations of conventional chemotherapeutic agents. Existing chemotherapeutic drugs are toxic to both cancer as well as normal cells. The administration of these drugs, although effective in most cases, do have a profound effect on the normal cells of the patient, which in turn leads to unwanted side effects, and in some cases even death (Chakraborty & Rahman, 2012).. 16. 

(37) Another limitation lies in the fact that metastasis poses a huge problem in cancer treatment. The metastatic nature of cancer cells further curtails the effectiveness of chemotherapeutic drugs. The asymptomatic cancer at initial stages prevents early detection, thus preventing the ability to control the disease while it is still localized (Chakraborty & Rahman, 2012). When cancer metastasizes, the treatment is not only directed towards the primary cancer but also needs to eliminate the secondary ones as. a. well.. ay. It would be imperative to identify a compound that would be able to be developed. al. into an anti-cancer drug that not only would target a single pathway, but be able to combat. M. the disease on multiple fronts with an array of capabilities, including ability to cause cell death (apoptosis), restrict further proliferation of tumour cells (cell cycle arrest) as well. Introduction and general characteristics. si. 2.2.1. ty. 2.2 p53 tumour suppressor. of. as preventing the spread of cancer to distant sites within the patient (anti-metastatic).. ve r. The tumour suppressor, p53, was first discovered during the peak of tumour virus research, whereby it was presented as a 53 kDa host protein that was bound to the simian. ni. virus T Antigen (Lane & Crawford, 1979; Linzer & Levine, 1979). It is one of the more. U. widely present defects in tumours cells, whereby it is present in more than 50 % of cancer cells (Lane & Levine, 2010). As of 2017, there has been more than 80,000 articles published on this regulatory gene, highlighting the significance of this protein in the understanding of cancer treatment (Nguyen et al., 2017). Inactivation of TP53 is often times associated with a poor prognosis in cancer patients (Olivier et al., 2010).. 17. 

(38) The wild type p53, which is encoded by TP53 gene, consist of two N-terminals trans activation domain that interacts with basal transcription factors and regulatory proteins, a central DNA binding domain, a conserved proline-rich domain, a C-terminus that encodes the nuclear localization signal as well as an oligomerization domain that is required for transcription activities (Kastenhuber & Lowe, 2017).. 2.2.2. Functionality. a. The p53 is triggered by stressful stimuli which includes oxidative stress, nutrient. ay. deprivation, hypoxia, DNA damage, telomere attrition, oncogenic expression and. al. ribosomal dysfunction (Meek, 2015; Zhang & Lu, 2009; Zhou et al., 2012). Upon. M. activation, the proteins express protective capabilities through induction of cell cycle arrest at the G1 or G2 phase, apoptosis through interaction with mitochondrial proteins. of. such as BAX and PUMA, cellular senescence, DNA repairs as well as inhibition of. si. & Harris, 2005).. ty. angiogenesis and metastasis (Bieging & Attardi, 2012; Levine & Oren, 2009; Sengupta. ve r. The ability of p53 to induce cell cycle arrest is purposed with giving the cells the opportunity to repair the damaged DNA, thus preventing the propagation of oncogenic mutation which would eventually lead to the formation of cancer (Mello & Attardi, 2017).. ni. At the same time, the apoptotic response of p53 was suggested as a means to remove. U. damaged or neoplastic cells that are beyond the point of recovery.. Aside from it commonly known functions, p53 also plays a role in a number of cellular responses. These includes maintaining genetic and epigenetic stability (Sengupta & Harris, 2005; Tovy et al., 2017), repressing oncogenic signalling (Sachdeva et al., 2009) and inducing non-apoptotic cell death such as ferroptosis an iron dependent nonapoptotic cell death (Jiang et al., 2015). In addition to this, p53 also restrains stemness and promotes differentiation (McConnell et al., 2016; Olivos & Mayo, 2016) while 18. 

(39) inhibiting. motility and. invasiveness. by. attenuating. epithelial. mesenchymal. transformation (EMT) (Chang et al., 2011; Kim et al., 2011). The versatility of the p53 protein in causing multiple effects that would inconvenience cancer cells is the reason why p53 is more commonly silenced in cancer cells as compared to p53 effector targets.. 2.2.3. Regulation of p53 The p53 has a rather short half-life, whereby it has a rather low level of expression. a. in unstimulated cells (Kubbutat et al., 1997). This is mainly due to regulator proteins such. ay. as MDM2 that negatively regulates their stability and activity of the protein (Haupt et al.,. al. 1997). Through interactions with MDM2, p53 is translocated from the nucleus to the. M. cytoplasm, thus limiting its capabilities to interact with the transcription machinery of the cells (Haupt et al., 1997). In addition to that, MDM2, which is the primary negative. of. regulator of p53, is also able to target p53 for proteosomal degradation through. ty. ubiquitination of specific lysine residue on the p53s C-terminus (Kubbutat et al., 1997).. si. Activation of p53 occurs when the relevant stressors causes a disruption in. ve r. interaction between p53 and MDM2, often times using different mechanisms (Kruse & Gu, 2009). For examples, DNA damages triggers activation of kinases such as Chk1/Chk2 which leads to a phosphorylation of the N-terminus of p53, lowering the. ni. effective binding of MDM2 to that site (Shieh et al., 2000). On the other hands, activation. U. of mitogenic signals such as c-Myc and k-RAS causes a build-up of p14ARF, which is a tumour suppressor that is capable of binding with MDM2, thus freeing up the p53 from MDM2 repression (Weber et al., 1999; Zhang & Xiong, 1999).. 19. 

(40) 2.2.4. p53 in cancer cells Over 50% of tumours has a mutation at TP53, resulting in defects in the protein. or post translational modification that ends up abolishing its activity (Toledo & Wahl, 2006). The majority of TP53 related mutation in cancer cells occur at the central DNA binding domain, whereby 80% of such mutation are missense mutations (Soussi & Lozano, 2005). As a result of this, the transcribed p53 is either unable to effectively bind. a. or fail to properly fold into the correct 3D structure, thus making the resultant p53 inactive. ay. (Joerger & Fersht, 2008).. al. Another mode of p53 inactivation in cancer cells involves the disruption of its. M. regulators. In these cancer cells, the wild type p53 is retained but is unable to carry out its functionality due to an upregulation of MDM2 which, as mentioned earlier, actively. of. represses the p53 (Nicholson et al., 2001). Epigenetic inactivation of p14ARF is another example of disruption of p53 regulators that is commonly present in cancer cells (Saporita. si. p53 as a viable target in cancer therapy. ve r. 2.2.5. ty. et al., 2007).. Restoration of p53 functionality, be it in mutant or wild type p53 cells, will allow. a reversal in tumour growth. Molecules that are able restore p53 activity, either through. ni. releasing the protein from active repression by MDM2, which is a known oncotarget, or. U. restoration of wild type functionality in mutant p53 cells, will allow us to harness the p53 ability to cause cell cycle arrest or apoptosis, eventually leading to the cancer cells death (Chene, 2003). Some of the known examples of agents that have proven to restore mutant p53 to its native states includes molecules from the thiosemicarbazone family, PhiKan083, PRIMA-1 as well as MIRA-1 (Hientz et al., 2017). On the other hand, small molecules such as Nutlins and Benzodiazepinediones as well as natural products such as. 20. 

(41) α-Mangostin and gambogic acid have shown potential as agents that are able to effectively disrupt the interactions of p53 and MDM2 (Hientz et al., 2017).. 2.3 Apoptosis 2.3.1. What is apoptosis? Apoptosis is a process that has been widely recognized as a crucial form of. a. programmed cell death that is reliant on a gene-directed action, eventually leading to the. ay. elimination of the affected cell. The term apoptosis was first coined by Kerr, Wyllie, and Currie in 1972 to describe a particular set of morphological changes commonly associated. al. with a distinct form of cell death, some of which have been described earlier on (Kerr,. M. 2002; Kerr et al., 1972).. of. Apoptosis plays a role in embryonic and adult development as well as aging of an organism via tissue homeostasis, whereby the process ensures an ideal cell population is. ty. maintained in the tissue (Henson & Hume, 2006). In addition to this, apoptosis plays a. si. role in the body’s defence mechanism, either as an immune reaction or in instances of. ve r. cell damaged caused by noxious agents (Norbury & Hickson, 2001).. ni. Although generally perceived as the prime mode of active programmed cell death. responsible in the removal of cells, recent reviews have suggested several alternative. U. forms of cell death, mostly related to autophagy (Assuncao & Linden, 2004; Hetz et al., 2005; Proskuryakov et al., 2003).. The main advantage of apoptosis is the absence of an inflammatory reaction. This is achieved by design of the process, which among others does not involved the release of cellular content into the surrounding interstitial tissue. The prevention of secondary necrosis through the quick and efficient removal of apoptotic cells through phagocytosis by neighbouring cells, a process that hardly produces pro-inflammatory or anti21. 

(42) inflammatory cytokines, leads to an almost null response (Kurosaka et al., 2003; Savill & Fadok, 2000).. 2.3.2. Symptoms of apoptosis Upon initiation of apoptosis, the cell undergoes a number of morphological. changes at the early stages, including cell shrinkage and pyknosis, both of which can be visually assessed using a light microscope (Hacker, 2000; Kerr et al., 1972). In the former,. a. cells overall size is visibly reduced, which causes the organelles to become more tightly. ay. packed as well as an increase cytoplasmic density (Fink & Cookson, 2005). Pyknosis on. al. the other hand is a result of chromatin condensation, which is one of the most commonly. M. used characteristic in the identification of apoptotic cells (Elmore, 2007). In this process, the nucleus condenses, followed by chromatin marginalization and fragmentation to form. of. large and mostly consistent chromatin clumps, which later on end up being packaged into apoptotic bodies (Hou et al., 2016). Histological examination of apoptotic tissue using. ty. haematoxylin and eosin stain will reveal rounded and ovular shaped cells (as a result of. si. cell shrinkage) with a dark eosinophilic cytoplasm and dense purple nuclear chromatin. ve r. fragments, which corresponds to the above mentioned condensed chromatins (Elmore, 2007).. ni. Apoptotic bodies that were mentioned earlier are formed through extensive. U. plasma membrane blebbing followed by the distribution of cell fragment into these buds that will eventually form the apoptotic bodies (Elmore, 2007). The buds are then subsequently removed through phagocytosis by a number agent, including macrophages and parenchymal cells.. 22. 

(43) One of the markers responsible for tagging the apoptotic bodies for destruction via phagocytosis is the phosphatidylserine (PS) protein which is present in the plasma membrane, typically located in the inner leaflet. Upon activation of effector caspases, these proteins are translocated to the outer portion of the membrane, thus facilitating the recognition of the apoptotic cell debris that are then engulfed either by surrounding cells or macrophages (Kiechle & Zhang, 2002). This is a common physiological marker used. Activation mechanism. ay. 2.3.3. a. in the detection of apoptotic cells.. al. The apoptotic reaction is initiated through two distinct pathways, the extrinsic and. M. intrinsic pathway, each with its own distinct set of stimulators. Both these pathways eventually result in activation of the protease activity of the effector caspases, that is. of. essential for the morphological and biochemical hallmarks of apoptosis (Taylor et al.,. ty. 2008).. si. As the name suggest, the extrinsic pathway is triggered through external. ve r. stimulation of cellular death receptors located at the plasma membrane belonging to the tumour necrosis factor (TNF) receptor superfamily (Schulze-Osthoff et al., 1998). The activation of these receptors by death ligands, primarily the TNF-α, TNF-related. ni. apoptosis-inducing ligand (TRAIL) or the CD95 Ligand, leading to the formation of. U. death-inducing signalling complexes (DISC) (Fischer & Schulze-Osthoff, 2005). The recruitment of the DISC subsequently leads to the activation of procaspase-8 and procaspase-10, which in turns initiates proapoptotic cascade of the caspase proteins (Baig et al., 2016).. 23. 

(44) Despite initial promise of TNF and CD95L as potential therapeutic targets, a severe systemic toxicity of TNF and CD95L agonist in mice and human lead to its failure as an efficient cancer therapy (Daniel et al., 2001). In spite of the shortcomings of these two targets, another death receptor ligand, TRAIL appears to restore some hope with regards to utilizing the extrinsic pathway as a possible therapeutic target. Cancer stricken mice that have been injected with TRAIL resulted in the induction of tumour cell. ay. sustainability (Roth et al., 1999; Walczak et al., 1999).. a. apoptosis, suppression of tumour growth as well as an improvement in survival. al. A majority of cancer treatment involved in the induction of apoptosis in tumour. M. cells are focused on the intrinsic pathway (Fischer & Schulze-Osthoff, 2005). This pathway which is dominantly controlled by the Bcl-2 protein family, is stimulated by a. of. number of stress-inducing stimuli that are sensed intracellularly; cytokine deprivation, endoplasmic reticulum (ER) stress and DNA damage to name a few (Czabotar et al.,. ty. 2014). These apoptotic stresses converge to cause mitochondrial dysfunction that. si. eventually leads mitochondrial membrane permeabilization (MiMP), which in turns. ve r. causes the release of cytochrome C from the mitochondrial intermembrane (Tait & Green, 2010). Upon release, the cytochrome C proceed to form a multiprotein caspase activating. ni. complex called an apoptosome that is responsible for activating the procaspase-9 (Taylor. U. et al., 2008). The activation of effector caspase-3/7 by the active caspase-9 completes the induction process of the intrinsic apoptotic pathway (Baig et al., 2016).. 24. 
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