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(4)ABSTRACT 


Undesirable side effects of current cancer chemotherapeutic and multidrug resistance 
 lead  to  an  increasing  interest  toward  investigating  new  anticancer  agents,  including 
 synthetic  compounds,  with  limited  toxicity  to  normal  tissue  and  less  multidrug 
 resistance  of  tumor  cells.  The  organotin  schiff  base  complexes  have  been  investigated 
 for  anticancer  studies.  The  activity  of  a  new  monoorganotin  schiff  base  complex,  [N-
 (3,5-dichloro-2-oxidobenzylidene)-4-chlorobenzyhydrazidato](o-methylbenzyl)aquatin 
 (IV)  chloride  (C1),  was  investigated  on  human  breast  cancer  (BC)  cells  and  on 
 mammospheres  derived  from  BC  cells.  The  acute  toxicity  experiment  with  compound 
 C1  revealed  no  toxicity  effects  on  rats.  Compound C1  was  exposed  to  several  human 
 cancer cell lines including breast adenocarcinoma cell lines, MCF-7 and MDA-MB-231, 
 ovarian adenocarcinoma cell lines, Skov3 and Caov3, and prostate cancer cell line, PC3, 
 in  order  to  examine  its  cytotoxic  effect  on  different  human  cancer  cell  lines.  Human 
 breast cell MCF10A and human hepatic cell line, WRL-68, were used as non-cancerous 
 cell lines control. Subsequently, we focused in this study on MCF-7 and MDA-MB-231 
 cell  lines  to  detect  possible  underlying  mechanism  such  as  apoptosis,  involvement  of 
 compound C1. MTT assay revealed the strongest cytotoxicity of compound C1 against 
 MCF-7  and  MDA-MB-231  cells  with  the  IC50 value  of  2.5±0.50  μg/mL  (0.0040  μΜ) 
 after  48  hours  treatment  in  comparison  to  ovary  and  prostate  cancer  cells.  The  IC50


values were 28±0.40 μg/mL (0.045 μΜ) in MCF10A cells and 38±0.38 μg/mL (0.061 
 μΜ) in WRL-68 cells after 48 hours. Cisplatin was used as a positive control drug with 
 IC50  values  of  1±0.45  μg/mL  (0.0016  μΜ)  and  0.9±0.49  μg/mL  (0.0014  μΜ)  against 
 MCF-7 and MDA-MB-231 cells, respectively. A significant increase of LDH release in 
 MCF-7  and  MDA-MB-231  treated  cells  was  observed  via  fluorescence  analysis. 


Luminescence analysis showed a significant generation of intracellular reactive oxygen 
 species (ROS) after treatment with compound C1 on MCF-7 and MDA-MB-231 cells. 
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(5)The morphological changes of necrosis, early and late apoptosis stages were observed in 
 MCF-7 and MDA-MB-231 treated cells after staining with AOPI. The characteristic of 
 apoptosis  and  DNA  fragmentation,  were  also  observed  in  MCF-7  and  MDA-MB-231 
 treated  cells.  Real  time  PCR  and  western  blotting  showed  downregulation  of  Bcl2, 
 HSP70  and  upregulation  of  Bax,  in  MCF-7  and  MDA-MB-231  cells  because  of 
 cytochrome c release  from  the  mitochondria  to  the  cytosol.  Compound C1  elicited 
 significant  (P  <  0.05)  G0/G1  phase  arrest  in  both  breast  cancer  cell  lines.  The 
 cytochrome c release caused caspase-9 activation, which then activated caspase-7 which 
 resulted  in  apoptotic  changes.  Compound C1  has  significantly  (P  <  0.05)  reduced  the 
 aldehyde  dehydrogenase-positive  cell  population,  the  size  and  number  of  MCF-7  and 
 MDA-MB-231  mammospheres  in  primary,  secondary,  and  tertiary  culture in  vitro. 


Compound  C1  also  downregulated  the  Wnt/β-catenin  self-renewal  pathway 
 significantly  (P  <  0.05)  in  both  breast  cancer  cell  lines.  Results  obtained  from  the 
 present study revealed that the compound C1 possess potential cytotoxic effects against 
 human  breast  cancer  MCF-7  and  MDA-MB-231cells.  Compound C1 may  lead  to  the 
 finding  of  more  cancer  management  strategies  by  reducing  cancer  resistance  and 
 recurrence via its cytotoxic effect on mammospheres. 
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(6)ABSTRAK 


Sebuah  kompleks  asas  monoorganotin  schiff  baru,  [N-  (3,5-dikloro-2-
 oksidobenziliden)  -4-klorobenzilhidrazidato]  (o-metilbenzil)  akuatin  (IV)  klorida  (C1), 
 telah  disiasat  pada  sel-sel  kanser  payudara  manusia  dan  sel-sel  stemnya.  Eksperimen 
 ketoksikan akut dengan sebatian C1 telah mendedahkan kesan ketoksikan ke atas tikus. 


Sebatian  C1  telah  didedahkan  kepada  beberapa  sel  kanser  manusia  termasuk  sel 
 adenokarsinoma  payudara,  MCF-7  dan  MDA-MB-231,  sel  adenokarsinoma  ovari, 
 SkOV3 dan Caov3, dan  sel  kanser prostat,  PC3, untuk  memeriksa kesan  sitotoksiknya 
 untuk kanser-kanser yang berlainan jenis. Sel payudara manusia, MCF10A dan sel hati 
 manusia, WRL-68, telah digunakan sebagai sel normal. Kami memberi tumpuan kajian 
 kami  pada  sel-sel  MCF-7  dan  MDA-MB-231  untuk  mengesan  kemungkinan 
 penglibatan  mekanisme  asas  sebatian  C1.  Asai  MTT  mendedahkan  sitotoksisiti  paling 
 kuat sebatian C1 terhadap sel-sel MCF-7 dan MDA-MB-231 dengan nilai IC50 2.5±0.50 
 μg/mL (0.0040 μΜ) selepas 48 jam rawatan berbanding ses-sel kanser ovari dan prostat. 


Nilai  IC50  adalah  28  μg/mL  (0.045  μΜ)  dalam  sel-sel  MCF10A  dan  38±0.40  μg/mL 
 (0.061  μΜ)  dalam  sel-sel  WRL-68  selepas  48  jam.  Cisplatin  telah  digunakan  sebagai 
 ubat  kawalan  positif  dengan  nilai  IC50  daripada  1±0.45  μg/mL  (0.0016  μΜ)  dan 
 0.9±0.40  μg/mL  (0.0014  μΜ)  terhadap  sel-sel  MCF-7  dan  MDA-MB-231  masing-
 masing. Peningkatan yang ketara pelepasan LDH dalam sel-sel MCF-7 dan MDA-MB-
 231  yang  dirawat  diperhatikan  melalui  analisis  pendarfluor.  Analisis  luminesen 
 menunjukkan  pertumbuhan  yang  ketara  dalam  penghasilan  spesies  oksigen  reaktif 
 intraselular  (ROS)  selepas  rawatan  dengan  sebatian  C1  ke  atas  sel-sel  MCF-7  dan 
 MDA-MB-231.  Perubahan  morfologi  nekrosis,  peringkat  awal  dan  lewat  apoptosis 
 diperhatikan dalam sel-sel MCF-7 dan MDA-MB-231 yang dirawat selepas pewarnaan 
 dengan  AOPI.  Ciri  apoptosis  dan  pemecahan  DNA  juga  diperhatikan  dalam  sel-sel 
 MCF7  dan  MDA-MB-231  yang  dirawat.  Masa  nyata  PCR  dan  sap  ‘western’ 
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(7)menunjukkan penurunan regulasi daripada Bcl2, HSP70 dan kenaikan regulasi daripada 
 Bax  dalam  sel-sel  MCF-7  dan  MDA-MB-231  kerana  pelepasan  sitokrom  c  dari 
 mitokondria  untuk  sitosol.  Sebatian  C1  mendorong  penangkapan  fasa  G0/G1  secara 
 signifikan  (P  <  0.05)  dalam  kedua-dua  sel  kanser  payudara.  Pelepasan  sitokorom  c 
 menyebabkan pengaktifan caspase-9, yang kemudiannya mengaktifkan caspase-7, yang 
 menyebabkan  perubahan-perubahan  apoptotik.  Sebatian  C1  telah  mengurangkan 
 populasi  sel  dehidrogenase  positif  aldehid,  mengurangkan  saiz  dan  bilangan  sel-sel 
 dasar kanser MCF7 dan MDA-MB-231 dengan signifikan (P < 005) dalam mamosfera-
 mamosfera  primer,  sekunder  dan  tertiari  secara in-vitro.  Sebatian  C1  juga  menurukan 
 regulasi  laluan  pembaharuan  Wnt/B-catenin  secara  signifikan  (P  <0.05)  dalam 
 menurunkan kanser payudara. Keputusan yang diperolehi daripada kajian sekarang jelas 
 mendedahkan  sebatian  C1  telah  memaparkan  kesan  potensi  sitotoksik  terhadap  sel-sel 
 kanser  payudara  manusia  MCF-7  dan  MDA-MB-231.  Sebatian  C1  boleh  membawa 
 kepada  penemuan  lebih  banyak  strategi-stategi  pengurusan  kanser  dengan 
 mengurangkan rintangan kanser dan berulang melalui kesan sitotoksik terhadap sel-sel 
 dasar kanser payudara (BCSCs). 
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(20)CHAPTER 1: INTRODUCTION 


There is an increasing interest toward organotin (IV) complexes due to their potential 
 catalysis  characteristics  in  various  biomedical  and  commercial  applications  (Alama  et 
 al., 2009). The treatment of different diseases by different potential metal complexes is 
 a growing subject of interest in the biomedical and inorganic chemistry fields (Gielen et 
 al.,  2000;  Hadjikakou  et  al.,  2009).  Typical  features  of  organometallic  complexes  are 
 variant  coordination  number,  geometries,  accessible  redox  states,  thermodynamic, 
 kinetic  characteristics,  and  the  intrinsic  properties  of  the  metal  ion  which  imply  many 
 potential uses.  These  complexes  exhibit  antifouling,  antibacterial  (Awang et  al., 2011) 
 antiviral, antifungal, acaricides, and wood preservative properties. 


Organotin  (IV)  is  a  topic  of  interest  in  cancer  research  and  has  higher  cytotoxicity 
 against  cancer  cells  than  related  platinum  drugs.  Metal  based  platinum  (II)  complexes 
 such as cisplatin, oxaliplatin, nedaplatin, and carboplatin have been extensively studied 
 for their anticancer activities (Cagnoli et al., 1998; Gómez et al., 2006). The toxicity of 
 these  complexes  against  normal  cells  and  their  poor  water  solubility  limit  their 
 anticancer application. Hence, it is reasonable to focus on the synthesis of non-platinum 
 chemotherapeutics  agents  with  fewer  side  effects.  There  is  a  considerable  attention 
 towards  organotin  (IV)  complexes  with  schiff  bases  due  to  variations  in  its  structural 
 possibilities and high anti-tumor properties (Caruso et al., 1994; Lee et al., 2013). The 
 molecular  structure  of  the  organotin  (IV)  compounds  and  the  type  of  coordinated 
 ligands  affect  the  biochemical  activity  of  the  compound.  Understanding  the  important 
 relations between biological properties and the structure of organotin (IV) carboxylates 
 has  motivated  researchers  to  study  the  carboxylates  of  tin.  Tin  and  its  compounds  are 
 widely  used  in  dentistry  medicine,  veterinary  medicine  and  radiopharmacology 
 chemotherapy (Harada et al., 2015; Siddiqi et al., 2009). 
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(21)Cancer is a main cause of morbidity and mortality globally and the third cause of death 
 after infection and heart diseases (Kim et al., 2015). In 2012, the occurrence of 14.1 million 
 new  subjects  of  cancer  was  reported  globally  and  an  estimated  15,780  children  and 
 adolescents were identified with cancer in 2014 worldwide (Torre et al., 2015). Cancers are 
 known by increased cell mass in a tissue (tumor). Non cancerous tumors are called benign 
 and  could  not  metastasize  or  invade  other  tissues.  Tumors  are  composed  of  cancer  cells, 
 which can  separate from the tumor and enter the bloodstream or lymph vessels to move to 
 other  parts  of  the  body,  where  they  can  generate  new  tumors  that  replace  normal  tissue. 


This process is called metastasis (Chambers et al., 2002). Malignant cancer is a multistage 
 process  disease  involving  differentiation  from  its  benign  condition,  uncontrolled  cell 
 proliferation, invasive and metastasis. Changes in somatic cells  in terms of the activation of 
 oncogenes  and/or  the  inactivation  of  tumor  suppressor  genes  may  change  subsequent 
 essential  pathways  or  protein  products  which  in  turn  can  transform  somatic  cells  into  a 
 cancerous  form  (Hanahan  et  al.,  2000).  Cancer  progression  can  be  described  as 
 carcinogenesis, oncogenesis or tumorigenesis (Grizzi et al., 2006; Fabio et al., 2006). Cells 
 become cancerous because of DNA damage. DNA damage may occur due to parental cell 
 inheritance, mistakes during replication or environmental factors.  


     Breast cancer is the most common cancer in women worldwide (22% of all new cancer 
 cases)  and  about  13.9%  of  annual  cancer  death  in  women  is  due  to  breast  cancer.  The 
 occurrence of breast cancer is increasing in the world with incidence rates of almost 1.5% 


annually.  Although  Asian  countries  have  low  rates  of  breast  cancer,  the  number  of  new 
 cases  is  increasing  (Parkin,  2001).  However,  the  mortality  rate  of  breast  cancer  has 
 decreased  by  34%  from  1990  to  2010.  These  changes  have  been  found  as  a  result  of 
 progress in both earlier diagnosis and treatment of breast cancer ( Yip et al., 2014). 
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(22)     According to the National Cancer Registry (NCR) of Malaysia about 1 in 20 women in 
 the  Malaysia  develop  breast  cancer  in  their  life  (Yip  et  al.,  2006).  This  incidence  rate  is 
 different among three Malaysian races. The first rank belongs to Chinese and it is followed 
 by  Indians  and  Malays.  It  was  also  reported  that  larger  tumors  and  later  stages  at 
 presentation  were  significantly  attributed  to  Malay  origin,  compared  to  the  Chinese  and 
 Indians (Yip et al., 2014). Chemotherapy is the most effective treatment for breast cancer, 
 often  causes  side  effects  and  drug  resistance. Therefore,  the  present  study  might  suggest 
 important evidences in order to solve the current problems to treat human breast cancer in 
 Malaysia.  It  is  expected  that  the  newly  synthesized  monoorganotin  schiff  base  complex 
 namely [N-(3, 5-dichloro-2-oxidobenzylidene)-4-chlorobenzyhydrazidato](o-methylbenzyl) 
 aquatin(IV) chloride (compound C1) will affect breast cancer cells through the induction of 
 apoptosis without damaging normal breast cells. The present research hypothesized that the 
 synthesized quinazolinone compound possess cytotoxic effect on two human breast cancer 
 cell lines (MCF-7 and MDA-MB-231) and mammospheres derived from MCF-7 and MDA-
 MB-231 cells. 
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(23)1.1  Research Aim and Objectives

The research study is conducted based on the following objectives: 


1. To determine the in vivo acute toxicity of the compound C1 in rats. 


2. To assess the in vitro cytotoxic activity of compound C1 on the human mammary 
 cancer cell lines (MCF-7 and MDA-MB-231).  


3. To assess the mechanism of cell death induced by compound C1 on MCF-7 and 
 MDA-MB-231 cells. 


4. To determine the inhibition effect of compound C1 on mammospheres derived from 
 MCF-7 and MDA-MB-231 cell lines. 
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(24)CHAPTER 2: LITERATURE REVIEW 
 2.1  Breast Cancer

Breast cancer forms in the breast and mostly occurs in woman (Kim et al., 2015). It 
 is  the  most  frequently  diagnosed  type  of  cancer  in  women,  with  an  85%  of  general 
 survival rate for 5 years and drop to 23% in women with distant metastasis (Desantis et 
 al.,  2014).  Breast  cancer  is  reported  as  second  greatest  cause  of  death  for  western 
 woman.  Breast  cancer  occurrence  decreased  in  2000  to  about  7%  after  increasing  for 
 two decades. This decrease is based on findings from the Women's Health Initiative that 
 stated  it  was  due  to  a  decline  in  the  use  of  hormone  therapy  after  menopause,  earlier 
 detection via screening, increased awareness, and improved treatments. This decrease is 
 larger in women younger than 50 years old (Coombs et al., 2010; Desantis et al., 2011; 


Ravdin  et  al.,  2007).    Based  on  recent  findings  from  a  study  in  University  Malaya 
 Medical  Centre  (UMMC)  and  National  University  Hospital  Singapore  (NUHS)  have 
 found that about50% of Malaysian women were diagnosed with breast cancer at the age 
 before 50 years old (Yip et al., 2006). According to WHO report (WHO, 2014), breast 
 cancer is responsible for 2,535 or 1.99% of total death in Malaysia.  


Breast cancer is described differently depending on its origin. Carcinoma is a cancer 
 that begins in the lining layer (epithelial cells), adenocarcinoma is a kind of carcinoma 
 that begins  in  glandular  tissue,  carcinoma in  situ  is  categorized as  ductal carcinoma in 
 situ and lobular carcinoma in situ describes an early stage of cancer (Wiechmann et al., 
 2008). In carcinoma in situ, the cells do not invade deeper tissues or metastasize to other 
 organs.  Ductal  carcinoma in  situ  (DCIS)  is  the  most  common  kind  of in  situ  breast 
 cancer at a rate of almost 83% of all in situ women and involves atypical changes in the 
 cells  lining  the  breast  ducts  (Allred,  2009).  DCIS  is  known  as  a  non-invasive  breast 
 cancer,  but  can  become  invasive  under  certain  circumstances.  However  some  cases 
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(25)progress to become invasive cancer, therefore this group of breast cancer is considered 
 as  pre-cancer  too  (Solin  et  al.,  2013).   Lobular  carcinoma in  situ  (LCIS),  is  known  as 
 lobular neoplasia and not considered a true cancer or pre-cancer but it indicates cancer 
 risk. In LCIS cancerous like cells grow in the  lobules of the milk-generating glands of 
 the  breast,  but  do  not  infiltrate  through  the  wall  of  the  lobules  (Afonso  et  al.,  2008; 


Lakhani et al., 2006).  


Invasive  or  infiltrating  carcinoma  has  grown  beyond  the  layer  of  cells  where  it 
 started.  Invasive  breast  cancer  is  categorized  into  invasive  or  infiltrating  ductal 
 carcinoma  (IDC)    and  invasive  or  infiltrating  lobular  carcinoma  (ILC).  In  these  two 
 types  of  breast  cancer,  cells  break  through  the  wall  of  the  duct  (IDC)  and  glandular 
 (ILC)  walls  and  grow  to  infect  surrounding  breast  tissue.  Cancerous  cells  may 
 metastasize to other organs of the body through the lymphatic system and bloodstream.  


The  IDC  is  more  common  than  ILC  and  8  out  of  10  invasive  breast  cancer  cases    are 
 diagnosed as invasive ductal carcinomas (Arpino et al., 2004; Harris et al., 1984). 


2.1.1  Breast Cancer Staging 


In order to determine the prognosis and treatment options it is necessary to know the 
 cancers  stage,  which  defines  the  extent  of  the  cancer  based  on  its  type  (invasive  or 
 noninvasive),  the  size  of  the  tumor,  and  the  number  of  lymph  nodes  involved 
 (Singletary  et  al.,  2006).  The  American  Joint  Committee  on  Cancer  (AJCC)  TNM 
 system is frequently used to describe the different stages of breast cancer (Singletary et 
 al.,  2002).  The  three  letters  of  TNM  define  cancers  in  different  classes.  T  gives 
 information  on  tumor  size  and  the  spread  of  cancer  cells  and  ranges  from  0  to  4.  N 
 ranges  from 0 to  3 and describe the cancers spread to  lymph  nodes near  the breast.  M 
 ranges  from  0  and  1  and  designates  whether  the  cancer  has  spread  to  other  organs 
 (Singletary  et  al.,  2006).  Another  system  for  cancer  categorization  is  the  Surveillance, 
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(26)Epidemiology, and End Results (SEER) Summary, which is based on the cancer registry 
 and public health research. In the SEER system, the local stage defines stage I and some 
 stage  II  cancers  restricted  to  the  breast.  The  regional  stage  describes  stage  II  or  III 
 cancers, and discusses tumors that have spread to nearby tissues or nearby lymph nodes. 


The  distant  stage  describes  stage  IIIc  or  IV  cancers  that  have  metastasized  to  distant 
 organs or lymph nodes above the collarbone (Levine et al., 1985; Ries et al., 2003). 


2.1.2  Molecular Classification of Breast Cancer 


Molecular  classification  is  based  on  the  molecular  features  of  a  cell  using  the  gene 
 expression pattern and categorizes breast cancers into 4 groups: 


 Luminal  A  and  Luminal  B:  Luminal  A  and  B  types  account  for  40%  and  20%  of 
 breast  cancers,  respectively.  The  Luminal  types  are  estrogen  receptor  (ER)–positive, 
 slow growing, and less aggressive than other subtypes. Luminal B cancers tend to grow 
 faster than Luminal A cancers. Hormone therapy is often the treatment for these tumors 
 (Cheang et al., 2009). 


HER2:  About  10%  of  breast  cancers  over  express  HER2  (a  growth-promoting 
 protein).  These  cancers  grow  and  spread  more  quickly  than  other  types  and  are 
 associated  with  poor  prognosis.  They  can  be  treated  effectively  with  chemotherapy 
 along with trastuzumab (Herceptin) and lapatinib (Tykerb) (Cheang et al., 2009).  


Basal-like: These cancer account for 10% to 20% of breast cancers and are considered 
 triple  negative  due  to  the  absence  of  ER,  PR,  and  HER2.  Basel-like  cancer  is  more 
 common  among  African  American  women  and  those  with  the  mutant BRCA1 gene. 


Basal-like  breast  cancer  is  known  as  a  high-grade  cancer  with  poor  short-term 
 prognosis.  Chemotherapy  is  the  most  effective  treatment  for  this  type  of  breast  cancer 
 (Brenton et al., 2005; Vuong et al., 2014; Castilla et al., 2008). 
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(27)2.1.3  Risk Factors for Breast Cancer 


Some  of  the  risk  factors  for  breast  cancer  are  gender  and  aging.  A  woman  is  100 
 times  more  likely  to  suffer  from  breast  cancer  due  to  higher  levels  estrogen  and 
 progesterone, which can stimulate the growth of breast cancer cells. The risk of breast 
 cancer increases with age. The rate of invasive breast cancer in women younger than 45 
 is 1 out of 8  and is 2 out of 3 for women older than 55  (Autier, 2012; Kerlikowske et 
 al.,  2005).  Approximately  5%  to  10%  of  breast  cancer  cases  are  hereditary  from  the 
 inheritance  of  a  mutant  gene.  Gene  mutation  involves  biological  pathways  such  as 
 mammary  gland  development,  DNA  repair,  cell  cycle  control,  and  estrogen  receptor 
 signaling. BRCA1 and BRCA2 mutant genes  are  the  main  cause  of  hereditary  breast 
 cancer with a risk of 55% to 65% and 45%, respectively. These genes code proteins that 
 prevent the abnormal  growth of cells  (Ford et al., 1994). The other causes of inherited 
 breast  cancers  are  mutant ATM, TP53, CHEK2, PTEN, CDH1  and STK11  genes.  In 
 normal  cells  the ATM gene  repairs damaged  DNA.  The  mutation  of TP53  and PTEN 
 genes, which normally regulate cell growth, is another rare version of breast cancer.  


Some  types  of  benign  breast  conditions  including  hyperplasia,  sclerosing  adenosis, 
 and  radiad  scars  may  increase  the  risk  of  breast  cancer.  Furthermore,  among  benign 
 breasts  lesions,  the  proliferation  of  lesions  with  atypia  is  more  likely    than  the 
 proliferation  of  lesions  without  atypia  and  non-proliferating  lesions.  Women  with 
 lobular carcinoma in situ (LCIS), a non-invasive breast cancer, are 7 to 11 times more 
 likely to develop an invasive breast cancer (Rosen et al., 1980).  


About  15%  of  breast  cancer  cases  have  a  family  history  of  mutation  (Perou  et  al., 
 2000;  Reis-Filho  &  Pusztai,  2011).  Other  factors  that  could  increase  the  risk  of  breast 
 cancer including  exposure of the chest area to radiation especially in children or young 
 adults, oral contraceptives usage, hormone replacement therapy and unhealthy lifestyle.  
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(28)Endogenous  and  environmental  risk  factors  are  those  that  are  not  genetically  or 
 epigenetically  inherited  from  parents  (Tamimi  et  al.,  2007).  Another  possible  factor  is 
 irregularity  in  menstrual  periods  such  as  early  menstruating  or  having  late  menopause 
 can  increases  the  risk  of  breast  cancer  because  of  longer  exposure  to  estrogen  and 
 progesterone pills (Schairer et al., 2000). 


2.1.4  Breast Cancer Treatment  
 2.1.4.1  Surgery 


Most breast  cancer patients  will undergo surgery to  remove the  cancer and identify 
 the stage of disease. Breast-conserving surgery (BCS) and mastectomy are two types of 
 surgery  for  breast  cancer.  About  57%  of  women  in  the  early  stages  of  breast  cancer 
 receive  BCS  surgery,  in  which  the  cancerous  tissue  and  a  rim  of  normal  tissue  are 
 separated  (Group.,  2006).  There  are  several  types  of  BCS  including surgical biopsy, 
 lumpectomy,  partial  mastectomy,  re-excision,  quadrantectomy.  Surgical  biopsy  is 
 removal of whole  mass or abnormal  part in  addition  to  a surrounding  edge of normal- 
 breast tissue. Incisional biopsy and excisional biopsy are two types of surgical biopsies. 


In  incisional  biopsy only suspicious  part  is  removed to  make an  analysis. However, in 
 excisional  biopsy the  entire  tumor  or  abnormal  area  is  removed. Lumpectomy  is  a 
 partial  mastectomy,  as  part  of  the  breast  tissue  is  removed.  But  the  amount  of  tissue 
 removed  can  differ  greatly. Quadrantectomy, means  that  approximately  a  quarter  of 
 breast is removed. Re-excision lumpectomy, or simply re-excision, is re-opening of the 
 lumpectomy site to  remove an  edge of tissue that  is  not  cancerous. Mastectomy is the 
 removal  of  the  whole  breast.  Although  the  entire  breast  is  removed  in  a  mastectomy, 
 there is still a risk of breast cancer recurrence. (Kruper et al., 2011; Siegel et al., 2012; 


Park et al., 2000). 
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(29)2.1.4.2  Radiation 


     In  radiation  therapy,  cancer  cells  are  killed  by  high-energy  beams  or  particles. 


Radiation  is  frequently  combined  with  surgery  to  eradicate  cancer  cells  in  the  breast. 


There  are  two  categories  of  radiation  treatment,  external  beam  radiation  and  internal 
 beam  radiation.  In  external  radiation  which  is  the  most  common  type  of  radiation 
 therapy  for  women  with  breast  cancer,  beam  is  conducted  by  a  machine  outside  the 
 body.  There  are  numerous  types  and  schedules  of  external  radiation  including 
 hypofractionated radiation,  intraoperative radiation therapy  (IORT),  and 3D-conformal 
 radiotherapy. Hypofractionated radiation therapy uses larger doses of radiation with less 
 treatment. This approach may lead to fewer side effects. Intraoperative radiation therapy 
 (IORT) is the second type of external radiation in which a single large dose of radiation 
 is  given  in  the  operating  room  right  after  BCS  (before  the  breast  incision  is  closed). 


Intraoperative radiation therapy needs particular tools and is not broadly available. 3D-
 conformal  radiotherapy  is  the  other  type  of  external  radiation  which  needs  special 
 machines  to  give  radiation.  Treatments  are  given  twice  a  day  for  5  days.  Swelling, 
 heaviness  in  the  breast,  skin  changes  in  the  treated  area,  and  fatigue  are  common  side 
 effects of external radiation (Park et al., 2000). 


    Internal radiation or accelerated partial breast irradiation (APBI) uses needles, seeds, 
 wires,  or  catheters  that  contain  radioactive  substances  injected  into  or  near  cancerous 
 tissue (Fisher et al., 2002; Group, 2011; Veronesi et al., 2002). Internal radiation is also 
 known as brachytherapy. It can be used along with external beam radiation as a way to 
 add  extra  radiation  to  the  tumor  site  in  women  who  had  breast-conserving  surgery 
 (BCS).  Interstitial  brachytherapy  and  intracavitary  brachytherapy  are  two  types  of 
 brachytherapy. Interstitial brachytherapy uses small catheter tubes that are inserted into 
 the breast around the part where the cancer was removed and are left in place for several 
 days. Radioactive pellets are put in into the catheters for short periods of time each day 
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(30)and  then  removed.  This  method  is  not  used  as  much  anymore.  Intracavitary 
 brachytherapy which is most common type of brachytherapy uses small catheter tubes. 


In this method, devices such as mammoSite, axxent, and contura are used. A device is 
 put into the space left from BCS and is left in place until treatment is complete. The end 
 of  the  device  inside  the  breast  is  then  extended  so  that  it  stays  firmly  in  place  for  the 
 complete  treatment.  The  other  end  of  the  catheter  sticks  out  of  the  breast.  For  each 
 treatment, one or more sources of radiation (often pellets) are placed down through the 
 tube  and  into  the  device  for  a  short  time  and  then  removed.  Treatments  are  normally 
 given twice a day for 5 days as an outpatient. (Park et al., 2000; Group., 2006). 


2.1.4.3  Chemotherapy 


Chemotherapy is one of the effective treatments and includes a mixture of breast 
 cancer  drugs  imparted  orally  or  via  vein  injection.  Chemotherapy  causes  undesirable 
 side effects as normal quick growing cells such as those in bone marrow, the lining of 
 the  mouth  or  hair  follicles  are  attacked  in  this  type  of  therapy.  The  most  common 
 potential  side  effects  are  hair  loss,  mouth  sores,  loss  of  appetite  or  increased  appetite, 
 nausea  and vomiting, low blood  cells, increased  chance of infections,  easy  bruising or 
 bleeding,  fatigue,  menstrual  changes,  neuropathy,  and  heart  damage  (Partridge  et  al., 
 2001). Some of the most common breast cancer chemotherapy drugs are shown in Table 
 2.1. 
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(31)Table 2.1: The most common breast cancer chemotherapy drugs.

(McArthur & Hudis, 2007; von Minckwitz et al., 2012). 


Drug Combinations  Drug Names 


CAF (or FAC)  cyclophosphamide,doxorubicin 


(Adriamycin), and 5-FU 


TAC  docetaxel (Taxotere), doxorubicin 


(Adriamycin), and cyclophosphamide 


AC → T:  Doxorubicin (Adriamycin) and 


cyclophosphamide followed by paclitaxel 
 (Taxol) or docetaxel (Taxotere). 


FEC  → T, 5-FU, epirubicin, and 


cyclophosphamide followed by docetaxel 
 (Taxotere) or paclitaxel (Taxol) 


TC  docetaxel (Taxotere) and 


cyclophosphamide 


TCH  docetaxel, carboplatin, and trastuzumab 


(Herceptin) for HER2/neu positive Tumors 


2.1.4.4  Hormone Therapy 


The  ovaries  produce  estrogen  naturally.  Estrogen  is  essential  for  development  of 
 reproductive  organs.  It  also  promotes  breast  development,  fat  distribution  in  the  hips, 
 legs,  and  breasts  (Gruber  et  al.,  2002).  This  hormone  aids  the  growth  of  many  breast 
 cancers. Women who are estrogen or progesterone receptor positive are given drugs to 
 reduce  estrogen  levels.  Tamoxifen  and  toremifene  (Fareston)  are  drugs  that  stop  the 
 binding of estrogen to breast cancer cells and are effective in both postmenopausal and 
 premenopausal  women.  Fulvestrant  (Faslodex)  is  more  effective  in  postmenopausal 
 woman and works by blocking estrogen binding and decreasing the number of estrogen 
 receptors on breast tumors (Carlson et al., 2000; Davies et al., 2013; Group, 2011b). The 
 general side effects of hormone therapy are: hot flushes and sweats, change to women’s 
 periods,  less  interest  in  sex,  vaginal  dryness  or  discharge,  feeling  sick,  painful  joints, 
 mood changes, and tiredness (Group, 2005). 
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(32)2.2  Breast Cancer Cell Lines

Cell  lines  are  considered  an in  vitro model  for  molecular  research  on  cancer  since 
 they can be easily used in laboratory research. The first human cell line was developed 
 by Hela of Henrietta Lacks, who had cervical cancer. Hela cell line was created 50 years 
 ago  by  George  Gey  in  Baltimore  laboratory  (Holliday  et  al.,  2011).  The  first  breast 
 cancer cell lines were BT-20 in 1958, the MD Anderson series in 1978, and MCF-7 in 
 1973 at the Michigan Cancer Foundation (Cailleau et al., 1978; Engel et al., 1978; Soule 
 et al., 1973). Numerous research groups have promoted the MCF-7 cell line making it 
 the  most  common  cell  line  for  the  last  40  years.  MCF-7  expression  of  its  estrogen 
 receptor (ER) makes it hormone sensitive and a perfect in vitro model to study hormone 
 responses.  The  establishment  of  breast  cancer  cell  lines  has  progressed  rapidly  due  to 
 difficulties  in  culturing  homogeneous  cells  without  stromal  contamination  and  severe 
 ethical restrictions on using human tissue for research (Cailleau et al., 1978). 


    The  MDA-MB-231  breast  cancer  cell  line  has  epithelial-like  cells  with  a  spindle 
 shape and was originally obtained in 1973 from a patient at the M. D. Anderson Cancer 
 Center. MDA-MB-231 cells are hormone-independent (ER/PR-negative), have invasive 
 ductal  carcinoma  characteristics  and  are  commonly  used  in  drug  development  studies. 


The  MDA-MB-231  cell  is  notably  active  in  Boyden  chamber  chemoinvasion  and 
 chemotaxis assay and shows a nearly high colony generating ability in agarose  (Wiebe 
 et al., 2013). 


     Cell lines  are  considered  powerful  experimental  tools that support the  development 
 of clinical  advantage  (Burdall et  al.,  2003). The  discovery of fulvestrant  as  a selective 
 drug  for  the  treatment  of  ER+  metastatic  breast  cancer  in  postmenopausal  women  was 
 observed in the growth of tamoxifen stimulated MCF-7 cells under the control of  anti-
 oestrogens  (Gottardis  et  al.,  1988;  Osborne  et  al.,  1985).  Molecular  profiling  of  breast 
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(33)cancer  shows  that  luminal,  basal,  HER2  and  claudin-low  clusters  can  easily  be 
 distinguished in breast cancer cell lines (Neve et al., 2006; Thompson et al., 2008). The 
 effect  of  trastuzumab,  an  antibody  that  selectively  binds  HER2,  was  assessed  in  nine 
 breast  cancer  cell  lines  that  amplify  known  HER2  and  showed  a  clear  response  in 
 agreement  with  the  34%  effectiveness  of  trastuzumab  obtained  from  clinical  reports 
 (Neve et al., 2006). Trusting a single cell line could lead to inappropriate or misleading 
 results (Vogel et al., 2002). 


2.3  The Cell Culture Environment

   The  culturing  of  cells  in  a  two-dimensional  plastic  culture  leads  to  the  loss  of  inter-
 relationships.  Adding growth factors to  a culture media may  result in  the activation of 
 unsuitable  pathways  or  differentiation  dimensions.  The  epidermal  growth factor,  a 
 common supplement for breast myoepithelial cells, can stimulate the loss of E-cadherin 
 features of epithelial to mesenchymal transition (Matthay et al., 1993). Culturing under 
 unsuitable  circumstances  noticeably  affects  cell  morphology,  cell–cell  and  cell–matrix 
 interactions,  cell  polarity,  differentiation  (Streuli  et  al.,  1991;  Yamada  et  al.,  2007). 


signaling cascades and gene expression (Birgersdotter et al., 2005).  A two-dimensional 
 culture is the favored method for in vitro studies in breast cancer research (Holliday et 
 al., 2011). 


2.4  Cell Cycle 


The  cell  cycle  has  two  main  phases.  Interphase  occurs  between  mitotic  events. 


Interphase includes three distinct and consecutive stages; G1, where the cells synthesize 
 RNA  and  proteins  to  prompt  growth;  S,  where  DNA  synthesis  and  replication  occurs; 


G2, where cells prepare for mitosis. The mitotic phase is when the mother cell divides 
 into  two  daughter  cells  (Schwartz  et  al.,  2005).  Various  checkpoints  regulate  the  cell 
 cycle  process.  A  cancerous  cell  skips  these  checkpoints  and  keeps  dividing  and 
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(34)duplicating. The overexpression of key cell cycle regulators, such as cyclins and cyclin-
 dependant  kinases  (Cdk),  or  lower  regulation  of  CDK  inhibitors  (CDKIs)  causes 
 increased carcinogenesis (Sherr et al., 1999). A cell cycle arrest is an opportunity for a 
 tumor  cell  to  repair  its  own  damaged  DNA.  The  abolition  of  cell  cycle  checkpoints 
 before DNA repair can trigger an apoptotic cascade and cell death. Some drugs directly 
 target  CDKs  and  induce  growth  arrest.  According  to  recent  findings,  agents  that 
 abrogate  the  cell  cycle  checkpoints  at  important  time  points  cause  tumor  apoptosis.  


Understanding the cell cycle process is critical to develop these agents (Schwartz et al., 
 2005).  


2.5  Programmed Cell Death

Cell death is an essential part of development and tissue homeostasis (Elmore, 2007). 


To  maintain  a  balance  of  cells  in  a  multicellular  organism,  cell  death  and  replication 
 must be regulated (Ellis et al., 1991). Cell death mechanisms are tissue-specific or cell-
 specific  in  which  undesirable  cells  are  eradicated  through  metamorphism, 
 embryogenesis,  pathogenesis  and  tissue  turnover  (Elmore,  2007;  LeBlanc,  2003).  In 
 vertebrates, naturally-occurring cell deaths have been witnessed in all tissues  (Coles et 
 al., 1993). 


Programmed  cell  death  (PCD)  is  an  expected  type  of  cell  death  during  cell 
 development.  When  death  stimuli  are  received,  the  cell  undergoes  a  genetically 
 programmed  cell  suicide  mechanism  called  as  apoptosis  (Gorski  et  al.,  2002).  A 
 cancerous  cell  has  the  ability  to  ignore  apoptosis  due  to  the  mutation  of  tumor 
 suppressor genes like p53, overexpression of apoptotic-oncogenes like bcl-2 and c-myc, 
 and  inhibition  of  pro-apoptotic  proteins  like  Bax  and  cytochrome.  Some  endogenous 
 tissue-specific agents and exogenous cell-damaging agents can cause apoptosis in cells 
 with critical physiologic conditions (Neuman et al., 2002) Exogenous signals including 
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(35)physical  agents  (such  as  radiation,  physical  trauma,  cold  shock  and  chemotherapeutic 
 drugs) and infection agents (such as viruses and bacterial toxin)  (Duckett et al., 1998). 


Internal  imbalances  such  as  growth  factor  removal,  glucocorticoid  treatment,  trophic 
 hormone abolishment, and matrix attachment damage can stimulate apoptosis (Caron et 
 al.,  1991;  Neuman  et  al.,  2002).  Changes  in  organelles  such  as  mitochondria  and 
 endoplasmic  reticulum  can  only  be  visualized  under  electron  microscopy  (Van  et  al., 
 2002).  Cysteinyl  aspartate-specific proteases  called caspapses  activate during the early 
 phases  of  apoptosis.  Caspases  are  synthesized  as  inactive  proenzymes  and  under 
 proteolytic  activation  generate  a  cascade  that  causes  a  cleavage  or  change  in  key 
 intracellular substrates including many structural proteins, nuclear proteins or enzymes, 
 resulting  in  apoptosis  (Desagher  et  al.,  2000).  Mitochondria  have  an  essential  role  in 
 directing  caspase  activation  via  the  release  of  cytochrome c.  Other  apoptotic  death 
 mechanisms  are  Bcl-2  and  Apaf-1  (apoptotic  protease  activating  factor  1)  proteins 
 (Desagher et al., 2000). In some systems, such as neurons or fibroblasts cytochrome, c 
 is neutralized because of growth-factor deficiency and c-myc expression. Cytochrome c 
 neutralizing  occurs  because  of  antibodies,  which  protect  cells  from  apoptosis.  Bcl-2 
 family members also control apoptosis by affecting mitochondrial cytochrome c release 
 (Juin et al., 1999). 


2.6  Apoptosis Pathways

Different  pathways  for  cell  death,  both  apoptotic  and  non-apoptotic  have  been 
 described  in  normal  cells  and  cancer  cells  (Okada  et  al.,  2004).  Deregulation  of  cell 
 death  is  typical  of  a  cancer  cell.  The  apoptosis  pathway  can  be  divided  into  two 
 mechanisms,  the  intrinsic  pathway  which  involves  the  mitochondria  and  the  extrinsic 
 pathway  which  involves  signaling  death  receptors  (Fesik,  2005).  In  the  extrinsic 
 pathway,  ligands  such  as  tumour-necrosis  factor  (TNF),  FAS  ligand  (also  known  as 
 CD95L),  or  TNF-related  apoptosis-inducing  ligand  (TRAIL,  also  known  as  APO2 
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(36)ligand (APO2L) or TNF ligand superfamily member 10 (TNFSF10) interact with their 
 own  death  receptors  (TNF  receptor  1  (TNFR1),  FAS  (CD95)  and  death  receptor  4 
 (DR4,  also  identified  as  TRAIL  receptor  1  (TRAILR1)  or  DR5  (TRAILR2), 
 respectively).  These  interactions  result  in  the  activation  of  the  FAS-associated  death 
 domain  (FADD)  and  the  stimulation  of  the  protease  caspase  8  (Tait  et  al.,  2010). 


Caspase 8 leads to cleavage and activities of caspase 3 and other downstream caspases, 
 which  cause  a  proteolytic  cascade  and  apoptosis  event.  These  death  receptors  are 
 described  by  death  domains,  which  are  a  cytoplasmic  domain  of  80  amino  acids.  The 
 death  domains  are  crucial  in  transmitting  the  death  signal  from  the  cells  surface  to 
 intracellular  signaling  pathways  (Fulda  et  al.,  2004).  The  intrinsic  pathway  generally 
 involves the interaction of cytochrome c released from the intermembrane space of the 
 mitochondria with  apoptotic protease-activating factor  1 (APAF1) and with  dATP  (2′-
 deoxyadenosine  5′-triphosphate)  which  leads  to  the  formation  of  multimeric  complex 
 that  activate  caspase  9,  resulting  in  the  activity  of  downstream  caspases  and  apoptosis 
 occurrence (Budihardj et al., 1999). 


2.7  Apoptosis versus Necrosis

The word ‘apoptosis’ was firstly used to characterize the morphological features of a 
 certain  kind  of cell death,  which was  thought  to be opposite of necrosis  (Fadeel  et  al., 
 2005). Some necrosis features that lead to an inflammatory response are cell-swelling, 
 enlargement  of  mitochondria,  dissolving  of  organelles,  plasma  membrane  breaks  and 
 release of cytoplasmic material. However, in apoptotic cells, the cytoplasm shrinks and 
 the  chromatin  condenses,  while  the  integrity  of  organelles  remains  unchanged.  The 
 plasma  membrane  blebs  but  does  not  rupture,  which  block  the  release  of  cellular 
 components into the extracellular medium. The outer surface of membrane is exposed to 
 phosphatidylserine, which is usually in the inner leaflet (Desagher et al., 2000). During 
 in  vitro  apoptosis  apoptotic  bodies  form  which  is  fragmented  cell  while  in  vivo, 
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(37)phagocytes recognize and remove the apoptotic cells in order to prevent inflammation. 


In  general,  the  main  hallmarks  of  apoptosis  are  the  endonucleases  activation,  DNA 
 degradation into oligonucleosomal fragments and the activation of a caspases  (Elmore, 
 2007; Saraste  et al., 2000). 


2.8  Promoting Apoptosis as a Strategy for Cancer Drug Discovery

The current treatments that are discovered to target apoptosis involve the drugs that 
 target  the  following  markers:  tumour  necrosis  factor  (TNF)-related  apoptosis-inducing 
 ligand  (TRAIL)  receptors,  the  Bcl2  family  of  anti-apoptotic  proteins,  inhibitor  of 
 apoptosis  (IAP) proteins  and MDM2.  In many  type of  cancers, deactivating mutations 
 of  pro-apoptotic  proteins  or  over  expression  of  anti-apoptotic  proteins  leading  to 
 uncontrolled  proliferation  of  the  tumor  cells  and  the  incapacity  to  act  against  cellular 
 stress,  harmful  mutations  and  DNA  damage  (Fesik,  2005).  In  fact,  the  evasion  of 
 apoptosis has been known as one of the six critical changes in cell physiology that give 
 rise  to  malignant  growth  and  is  a  typical  feature  of  almost  all  types  of  cancer.  In 
 addition,  these  types  of  cancers  are  often  resistant  to  chemotherapy.  Thus,  drugs 
 planned  to  restore  apoptosis  not  only  inhibit  many  cancers  but  also  kill  tumor  cells 
 selectively because they only target cells which are under stress (Nicholson, 2000).  


   The Bcl2 family proteins could also show potential cancer drug characteristics. They 
 that  are  found  in  the  mitochondria  and  they  can  either  prevent  or  stimulate  apoptosis 
 through inhibition  or encourage of cytochrome c  release  from  the mitochondria  (Baell  
 et al., 2002). 


   Another  target  protein  family  member  for  cancer  drug  discovery  is  inhibitor  of 
 apoptosis  (IAP)  proteins,  which  block  apoptosis  through  inhibition  of  caspases.  IAPs 
 are  controlled  by  SMAC  (second  mitochondria-derived  activator  of  caspase9, also 
 known as DIABLO, direct IAP-binding protein with low pI10), which is released from 
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(38)the  mitochondria  after  receiving  a  death  signal  by  cell.  SMAC  stimulate  apoptosis  by 
 binding to IAPs (Nicholson, 2000). 


   MDM2 and p53 are suitable targets for cancer drug discovery as significant regulator 
 of  apoptosis.  P53  is  known  to  be  mutant  in  most  type  of  cancers,  which  indicate  the 
 importance  the  disrupting  of  the  p53  pathway  in  cancer  progress  (Chène,  2003).  The 
 p53 induces cell-cycle arrest and apoptosis upon DNA damage. Interaction between p53 
 and  MDM2  leads  to  degradation  of  p53  by  the  proteasome.  Therefore,  interruption  of 
 the binding between p53 and MDM2 should restore the apoptotic activity of p53. 


2.8.1  TRAIL 


   Since death receptor-mediated apoptosis is believed to be independent of p53, cancers 
 with  p53  protein  mutant  may  be  liable  for  treatment  using  the  death  receptors  of  the 
 TNF superfamily to promote apoptosis. Targeting of TRAIL receptors are thought to be 
 promising molecule for this method. TRAIL, which is a type II transmembrane protein, 
 induces  apoptosis.  The  interaction  of  TRAIL  with  DR4  and  DR5  trimerize  the 
 intracellular death domains of TRAIL that leads to activity of FADD and stimulation of 
 caspase 8, caspase 3 and caspase 7  (Kelley  et al., 2004). Active caspase 8 initiates the 
 intrinsic  apoptosis  way  by  cleaving  the  Bcl2  family  member  BID.  Binding  of  cleaved 
 BID  to  BAX  and  BAK  result  in  release  of  cytochrome  c  and  SMAC  from  the 
 mitochrondria. These consequences cause activation of caspase 9 and other downstream 
 caspases  (Kelley  et  al.,  2004).  Agonistic  antibodies  against  DR4  and  DR5  have  been 
 known to be effective agents for the treatment of cancer by targeting TRAIL  receptors 
 (Chuntharapai et al., 2001; Ichikawa et al., 2001; Takeda et al., 2004). These antibodies 
 can kill cells through two extra mechanisms including  


   Antibody  Dependent  Cellular  Cytotoxicity  (ADCC)  and  Complement  Dependent 
 Cytotoxicity  (CDC)  aided  by  the  Fc  portion  of  the  antibodies  (Presta,  2002).  The 
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(39)antibodies  that  target  DR4  have  been  used  in  Phase  I  and  II  medical  trials  and  the 
 antibody that targets DR5 have been used in phase I. 


   Soluble truncated forms of TRAIL that comprise the extracellular domain is  another 
 method  for  targeting  the  TRAIL  receptors.  Recombinant  TRAIL  caused  apoptosis 
 selectively  in  different  cancer  cell  lines  with  p53  mutant,  as  they  have  no  effect  on 
 normal  cells.  Recombinant  TRAIL  is  used  for  treatment  of  solid  tumours  in  a  phase  I 
 medical  trial.  Furthermore,  the  apoptotic  activity  of  TRAIL  was  promoted  by  using 
 chemotherapeutic drugs and histone deacetylase inhibitors (Inoue et al., 2004; Shankar, 
 Chen,  et  al.,  2005).  TRAIL  also  showed  anti-tumour  activity  when  they  were  used  as 
 single  agent  in  colon,  glioma,  lung    and  prostate  cancer,  and  multiple  myeloma  of 
 mouse models (Jin et al., 2004; Naka et al., 2002; Pollack et al., 2001; Ray et al., 2003).  


2.8.2  Bcl2-Family Inhibitors 


The pro-apoptotic Bcl2  proteins  can be characterized in  two groups;  first  group  are 
 those with sequence homology to the BH1 (Bcl2-homology 1), BH2 and BH3 regions, 
 and  second  group  are  known  as  BH3-only  proteins  as  they  have  homology  with  the 
 BH3 region (Kelekar et al., 1998; Nicholson, 2000). Multidomain pro-apoptotic proteins 
 such as BAX and BAK cause apoptosis through affecting mitochondrial membranes and 
 release of cytochrome c, accumulation of APAF1 and the activation of caspases (Wei et 
 al., 2001). On the other hand, the anti-apoptotic Bcl2 family members block the activity 
 of BAX and BAK through inhibition of cytochrome c release. The apoptotic induction 
 of BH3-only proteins is either by stimulating the oligomerization of BAK and BAX or 
 by interaction with anti-apoptotic Bcl2 proteins (Wei et al., 2001). 


    The  structure  of  the  Bcl2  proteins  is  similar  and  comprised  of  two  central 
 hydrophobic  α-helices  bounded  by  six  or  seven  amphipathic  α-helices.  There  is  a 
 hydrophobic groove on the surface of the anti-apoptotic proteins  such as Bcl2,  Bcl-xL 
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(40)and  MCL  which  functions  as  binding  site  for  the  BH3  region  of  pro-apoptotic  Bcl2 
 family  members  (Petros  et  al.,  2000;  Sattler  et  al.,  1997)  A  t(14;18)(q32;q21) 
 chromosomal  translocation  is  present  in  over  60%  of  human  follicular  lymphomas 
 which  is  as  result  of  Bcl2  overexpression  (Tsujimoto  et  al.,  1984;  Tsujimoto  et  al., 
 1985). The overexpression of Bcl2 has been shown in other cancers including small cell 
 lung  carcinomas  (SCLC)  (Ben-Ezra  et  al.,  1994;  Higashiyama  et  al.,  1994),  chronic 
 lymphocytic leukaemias (CLL) (Schena et al., 1992), multiple myeloma (Harada et al., 
 1998),  melanoma  (Leiter  et  al.,  2000),  prostate  (Matsushima  et  al.,  1997),  ovarian 
 (Matsushima et al., 1997), cervical (Matsushima et al., 1997), bladder (YE et al., 1998), 
 gastric  (Nakata  et  al.,  1998),  pancreatic  (Friess  et  al.,  1998),  breast  (Lipponen  et  al., 
 1995)  and  colorectal  (Sinicrope  et  al.,  1995).  It  is  interesting  that  in  breast  (Lê  et  al., 
 1999)  and  colorectal  (Ofner  et  al.,  1995)  cancers,  unlike  other  cancers,  the  over 
 expression  of  Bcl2  has  been  correlated  with  favorable  results  and  better  survival.  One 
 attitude for targeting anti-apoptotic Bcl2 proteins in drug discovery is reduction of their 
 expression levels, which is associated with resistance to numerous chemotherapy drugs, 
 by  antisense  oligonucleotides.  Oblimersen,  an  oligo  nucleotide  against  Bcl2,  is  an 
 antisense in phase III clinical trials for melanoma and in phase II clinical trials for some 
 other  cancers.  The  other  strategy  to  inhibit  Bcl2  proteins  is  synthetic  BH3  peptides, 
 which  mimic  the  activity  of  the  pro-apoptotic  BH3-only.  The  synthetic  BH3  peptides 
 bind  with  the  hydrophobic  cleft  of  Bcl2  and  Bcl-xL.  To  make  easier  the  directing  of 
 peptide to the membrane, an internalization domain or a fatty acid was supplemented to 
 the peptide (Ofner et al., 1995). 


To  increase  their  cellular  permeability  and  direct  the  peptide  to  the  membrane,  the 
 Antennapedia Homeoprotein internalization domain79 or a fatty acid was added to the 
 peptide80.  These  peptides  have  been  shown  to  enter  cells  and  induce  apoptosis.  The 
 BID-based  BH3-peptide  analogues  also  caused  apoptosis  in  human  leukaemia  cells in 
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(41)vivo and elongated the survival of leukemia in mice (Walensky et al., 2004). In addition, 
 Hamilton  team  research  designed  some  small  organic  molecules  that  simulate  the  α-
 helical of BH3 peptides and bind into the hydrophobic groove of the anti-apoptotic Bcl2 
 and Bcl-xL (Walensky et al., 2004). Based on these findings, the Bcl2-family inhibitors 
 can  be  considered  as  good  monotreatments  of  lymphoma  and  SCLC  (Stem  Cell  Lung 
 Cancer) and they are also suitable treatment for other cancer as they are combined with 
 other drugs. However, more studies are required to confirm the clinical benefit of Bcl2-
 family inhibitors because they are only in the presymptomatic and early phase I periods 
 of development (Fesik, 2005). 


2.8.3  XIAP Inhibitors 


The IAPs regulate the apoptosis by binding and inhibiting caspases 8. They contain a 
 baculovirus  IAP  repeat  (BIR)  domain  that  includes  a  CX2CX16HX6C  signature 
 sequence with a three-dimensional structure similar to a classical zinc finger (Sun et al., 
 1999). XIAP, which is a widely studied IAP, inhibits caspase 3, caspase 7 and caspase 
 9. XIAP has three BIR domains and a ring finger. The inhibition property of XIAP on 
 caspase 3 and 7 is through binding of the BIR1–BIR2 linker into the caspase active site 
 (Riedl et al., 2001; Sun et al., 1999). However, XIAP-mediated inhibition of caspase 9 
 is thought to bind BIR3 domain of XIAP to a caspase 9 monomer and block generation  
 of  the  active  caspase  9  dimer  (Shiozaki  et  al.,  2003;  Sun  et  al.,  1999).  The  released 
 mitochondria SMA binds to the XIAP-BIR3 domain99, 100 at the same site as caspase 
 9 induce apoptosis (Liu et al., 2000; Wu et al., 2000). 


A  mutual  problem  to  all  of  these  apoptosis  targeting  molecules  is  difficulty  in 
 targeting a protein–protein  interaction. The determined three-dimensional  structures of 
 the  natural  ligands  combined  to  their  protein  targets,  Linked  fragment-based 
 approaches,  and  parallel  synthesis  were  used  to  help  solve  this  issue.  Therefore, 
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(42)progress in these approaches might be useful in the future for developing inhibitors for 
 other difficult targets. There are some factors that are needed to be considered in using 
 these  pro  apoptotic  molecules.  First,  the  clinical  trials  for  these  agents  should  be 
 conducted  and  preferably  in  cancers  that  are  most  likely  to  respond.  It  will  also  be 
 helpful  to  compare  genetic  bases  of  resistant  and  sensitive  cells  in  DNA,  RNA  and 
 protein  level  to  identify  the  development  of  resistance.  Furthermore,  it  is  important  to 
 determine  the  proper  dose  and  program  for  delivering  the  agents.  Finally,  the 
 compounds should be tested for synergistic cytotoxicity (Fesik, 2005). 


2.9  Free Radicals and Reactive Oxygen Species

    Free  radicals  are  extremely  reactive  chemicals  that  are  found  in  cells  in  normal 
 conditions and play critical role in many cellular processes. There are compounds with 
 unpaired electrons in  their outer electron orbit  that  are formed when a molecule either 
 gains or loses an electron. Therefore, free radicals are highly unsteady and attack other 
 molecules such as lipids, proteins, DNA and carbohydrates to steal electrons from them 
 (Van  et  al.,  2002).  The  damage  to  DNA  by  free  radicals  cause  mutation  and 
 chromosomal damage, therefore they may play a role in the development of cancer. The 
 hazardous  high  concentration  of  production  of  free  radicals  in  the  body  can  be  due  to 
 oxogenous sources such as ionizing radiation, cigarette smoke, some metals, and high-
 oxygen  atmospheres  and different  endogenous  metabolic events  such  as  mitochondrial 
 respiration and the cytochrome P450 mixed–function oxidases in liver. Reactive oxygen 
 species  or  ROS  that  have  the  element  oxygen  are  the  most  common  form  of  free 
 radicals  produced  in  aerobic  cells.  ROS,  which  has  a  significant  role  in  apoptosis 
 induction,  include  free  radicals  such  as  hydroxyl  and  superoxide  radicals,  and  non-
 radicals  such as hydrogen peroxide and singlet oxygen  (Diplock et  al.,  1998;  Valko  et 
 al., 2007).  
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(43)Growing  evidence  suggest  that  most  cancer  cells  involve  oxidative  stress  related  to 
 high  metabolic  activity  and  generation  of  ROS.  Although  increased  intracellular 
 production of ROS is considered as a negative factor due to their influence on keeping 
 cancer phenotype, it can also result in cellular damage based on the levels and duration 
 of ROS stress (Simon et al., 2000). Therefore, binding agents that increase the level of 
 ROS to a toxic threshold activates cell death process. Numerous anticancer drugs such 
 as  doxorubicin,  arsenic  trioxide,  and  taxol  are  known  to  induce  ROS  production  in 
 cancer cells. However the selective intrinsic oxidative stress occurred by these drugs is 
 not fully clear (Gupte  et al., 2009; Trachootham  et al., 2009). Furthermore, comparing 
 redox states in normal cells with cancer cells may offer a biological basis of ROS level 
 for selective killing of tumor cells, by agents with ability of generating additional ROS 
 stress (Benhar et al., 2002). 


2.10  Normal Stem Cells

It  is  worthwhile  to  know  the  normal  characteristic  of  normal  stem  cells  in  order  to 
 better  understand  cancer  stem  cells.  Normal  stem  cells  are  defined  as  cells  with  two 
 essential properties  including the ability of self-renewal  and differentiation. These two 
 features  of  stem  cells  cause  homeostasis  of  tissues  by  replacing  cells  lost  through 
 damage  and  injury  (Reya  et  al.,  2001).  Stem  cell  self-renewal  give  rise  to  generating 
 daughter  cells  with  identical  genetic  composition,  cell  contents,  cell  structure  to  the 
 parental  stem  cell.  The  self-renewal  capability  of  stem  cells  also  result  in  the 
 development of the stem cell compartment after receiving intrinsic or extrinsic stimulus 
 that causes enormous proliferation of a tissue-specific undifferentiated  cell pool  in  the 
 organ or tissue (Lobo et al., 2007). However, the daughter cells lose their self-renewal 
 potential  with  each  successive  cell  division  and  they  differentiate  to  generate  more 
 mature  cells  with  multipotent  progenitors  (Spillane  et  al.,  2007).  Therefore,  the  stem 
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(44)cells  divide asymmetrically  and differentiate to  generate bigger bulk  of non-stem  cells 
 with limited life span. 


2.11  Cancer Stem Cells

Resemblances  between  normal  stem  cells  and  tumourigenic  cells  including 
 generation of the heterogeneous cell populations and self-renewal ability together with 
 the  infrequency  of  stem  cells  in  adult  tissues  first  led  to  the  idea  of  cancer  stem  cells. 


This evidence caused researchers to think that there may be only a subset of cancer cells 
 within a tumour, which are capable of causing tumors (Reya et al., 2001). Cancer stem 
 cell  model  hypothesizes  cancer  stem  cells  are  also  known  as  cell-of-origin  that  is 
 defined  as  single  cell  sitting  at  the  top  of  a  cellular  hierarchy,  which  leads  to  intra-
 tumoural diversity (Campbell et al., 2007).  


The cancer stem cell (CSC) divides both symmetrically and asymmetrically to self-
 renew and differentiate respectively. This property of cancer stem cell is either innate or 
 acquired  from  a  transforming  mutation  (Campbell  et  al.,  2007).  In  spite  of  the 
 determination of the term “cancer stem cell”, the characteristics of these stem-like cells 
 do  not  necessarily  exist  in  the  same  subchapter  of  cells.  In  addition,  since  the 
 intervention  of  cancer  stem  cells  on  their  environment  can  change  their  biological 
 features,  a  stem-like  cell  can  only  be  defined  if  the  suitable  experiment  used  to 
 recognize. The cells with stem-like properties can be responsible as a targetable feature 
 of  malignancy  and  cause  endless  tumourigenesis.  In  addition,  there  is  increasing 
 suggestion that these heterogeneous population of cells are dynamic and they respond to 
 environmental  signals  as  inter  or  intra-conversion  (Chaffer  et  al.,  2011;  Gupta  et  al., 
 2009).  


It  is  evident  that  there  is  a  significant  heterogeneity  in  tumor  cells  regarding  cell 
 morphology,  surface  marker,  cell  proliferation  potential  and  response  to  treatment 
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