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ABSTRACT 


ESTABLISHMENT, CHARACTERISATION AND MiRNA 
 TRANSCRIPTOME PROFILING OF SPHEROID-ENRICHED CELLS 


WITH BREAST CANCER STEM CELL PROPERTIES  


Boo Lily 


Cancer stem cells (CSCs) are self-renewing cancer cells and are thought 
 to be a source of tumour recurrence. The CSCs population could be enriched in 
 serum-free  culture  condition  as  this  environment  favoured  their  expansion 
 while  the  rest  of  non-CSCs  population  undergo  anoikis.  MCF-7  cells,  which 
 being the luminal type are non-metastatic, and MDA-MD-231 cells, which are 
 negative for the three breast  receptors  and regarded as highly aggressive  were 
 used in this study. MicroRNAs (miRNAs) regulate both normal stem cells and 
 CSCs,  and  deregulation  of  miRNAs  has  an  important  role  of  tumorigenesis. 


Although  there  are  already  some  miRNAs  that  have  been  reported  in  breast 
cancer,  precise  information  on  miRNAs  involved  in  breast  CSCs  is  still 
lacking. Therefore, we sought to evaluate the phenotypic characteristics of the 
spheroid-enriched  cells  for  their  CSCs  properties  and  also  to  determine  the 
miRNA  expression  profile.  We  confirmed  the  enrichment  of  the  spheroid-
enriched  cancer  stem  cells-like  from  human  breast  cancer  cell  lines,  MCF-7 
and  MDA-MB-231  by  evaluating  the  characteristics  of  the in  vitro spheroid-
enriched  cells.  After  obtaining  the  spheroid-enriched  cells,  miRNA  next 
generation sequencing and real-time polymerase chain reaction were performed 
to  evaluate  their  miRNA  profile.  Our  results  showed  that  the  spheroid  cells 
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derived from both breast cancer cell lines were enriched with CSCs properties 
namely  self-renewability,  expression  of  stem  cells-related  markers,  and 
enhancement of drug resistance. Using a 2-fold expression as the cut-off point, 
25 up-regulated and 97 down-regulated differentially expressed miRNAs were 
identified  in  MCF-7  spheroid  cells  compared  to  their  parental  cells.  On  the 
other  hand,  30  up-regulated  and  36  down-regulated  differentially  expressed 
miRNAs  were  found  in  MDA-MB-231  spheroid  in  relative  to  the  parental 
cells.  The  targeted  genes  from  the  uniquely  deregulated  miRNAs  found  in 
MCF-7  spheroid  cells  were  enriched  in  pathways  involved  in  induction  of 
epithelial-mesenchymal  transition  (EMT)  responsible  for  enhancing  invasion 
and  migration  of  the  cells.  On  the  other  hand,  the  targeted  genes  from  the 
uniquely  deregulated  miRNAs  found  in  MDA-MB-231  spheroid  cells  were 
enriched  in  pathways  involved  in  maintaining  EMT  associated  with  the 
increased  chemoresistance.  A  total  of  20  miRNAs  including  miR-15b,  miR-
34a,  miR-148a,  miR-196b,  and  miR-628  were  found  to  be  commonly 
deregulated  between  these  two  breast  cancer  spheroid-enriched  CSCs  cell 
types,  which  highlights  the  involvement  of  these  miRNAs  in  maintaining  the 
CSCs  features.  The  enriched  genes  were  involved  in  core  pathways  found  in 
stem  cells  primarily  on  focal  adhesion,  MAPK,  Wnt,  Hedhehog,  mTOR  and 
VEGF.  The  levels  of  the  selected  miRNAs  measured  by  real-time  PCR  and 
NGS showed similar trend, indicating the reliability of the sequencing data and 
supporting  the  interpretation  of  the  expression  profiles  and  pathways 
information  based  on  the  miRNAs  expression  results  in  this  study.  We  have 
demonstrated  that  the  spheroid  culturing  method  can  be  used  to  enrich  for 
CSCs-like  subpopulations  in  both  breast  cancer  cell  lines  as  shown  in  the 
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present  study.  Our  data  suggest  that  there  were  distinct  miRNA  expression 
 profiles  in  spheroid  relative  to  parental  cells  for both  breast  cancer  cell  lines. 


This  reflects  that  the  phenotypic  behaviour  and  other  distinctive  features  of 
spheroid-enriched  CSCs  in  MCF-7  and  MDA-MB-231  are  regulated  by 
miRNAs.  Further  studies  are  needed  to  validate  whether  the  panel  of  these 
distinct  miRNAs  could  be  used  as  potential  molecular  targets  for  clinical 
applications of breast cancer stem cells.  
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INTRODUCTION 


Globally, there are more than 200 different forms of cancer, accounting 
 for  about  1  in  6  deaths  in  2018  (Siegel,  Miller  et  al.,  2019).    Despite 
 generations  of  extensive  research  on  cancer  onset,  spread,  prevention  and 
 effective treatment, there are still many uncertainties on the complexity of the 
 pathogenesis of cancers (Thomas, Kelly et al., 2019).  It has become clear that 
 the accumulation of genetic damage caused by mutations lead to uncontrolled 
 cell division of cancer cells (Basu, 2018). These abnormal cells can grow into 
 mass of cells which can invade other parts of the body in a process known as 
 metastasis (Welch and Hurst, 2019).  Therefore, the search for the underlying 
 key molecular mechanisms that causes the transformation of normal cells into 
 cancerous cells is a priority.  


Recent worldwide reports stated that the most common cancers are lung 
(12.3%  of  cases),  followed  by  breast  (12.3%  of  cases)  and  prostate  (7.5%  of 
cases) (Ferlay, Colombet et al., 2018). Breast cancer is the most common form 
of cancer in women and it has been predicted that in the United States alone, 1 
in  8  women  will  develop  breast  cancer  in  her  lifetime  (Bray,  Ferlay  et  al., 
2018).  Breast  cancer  caused  about  1  in  30  of  all  deaths  in  Malaysia  in  2016, 
and 88% of the reported deaths were avoidable (Asnarulkhadi, Maryam et al., 
2016). These excess number of deaths recorded could be attributed due to late 
presentation  (57%)  and  poor  access  to  effective  treatment  strategies  (43%) 
(Lum, 2019).  Mortality from breast cancer remains high despite improvements 
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in  surgery  and  common  chemotherapies  (Murallitharan,  M.,  2018).  Cancer 
 recurrence  and  distant  metastasis  accounted  for  49%  of  survival  rates  as 
 patients failed to respond to these treatments (Abdullah NA, Wan Mahiyuddin 
 WR et al., 2013).  


Emergence  evidences  have  shown  that  there  exists  a  subpopulation  of 
 cells  within  the  tumours  that  drive  the  tumour  progression  and  recurrence 
 (Geurts, Witteveen et al., 2017). This group of cells termed as cancer stem cells 
 (CSCs) have stem-cell like features with self-renewing capabilities and possess 
 enhanced chemoresistance ability (Capp, 2019). Current treatment approaches 
 targeted  on  the  bulk  tumour  could  not  possibly  eradicate  the  CSCs,  allowing 
 CSCs  to  self-renew  and  repopulate  the  whole  tumour  (Pan,  Ma  et  al.,  2018). 


Therefore,  a  better  understanding  on  the  biology  and  molecular  mechanisms 
 that  govern  CSCs  could  provide  cure  for  breast  cancer  (Yoshida  and  Saya, 
 2016).  


To  model  breast  CSCs  research  in  the  laboratories,  breast  cancer  cell 
 lines have been widely used as an in vitro model (Ledford, 2016). In this study, 
 the two most widely used and published breast cancer cell lines, namely, MCF-
 7  and  MDA-MB-231,  representing  the  two  major  clinically  different  types  of 
 breast  cancer,  were  used  (Dai,  Cheng  et  al.,  2017).  Isolation  of  breast  CSCs 
 populations from the tumours remains a challenge due to the low existence of 
 these subpopulations of the total tumour cells, which was also reported in other 
 types  of  tumours  (Bao,  Ahmad  et  al.,  2013,  Dobbin  and  Landen,  2013). 


Spheroid  culturing  technique  based  on  the  ability  of  the  cells  to  survive  in  a 
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low adherent serum-free condition has been used to enrich CSCs subpopulation 
 (Lee,  Sung  et  al.,  2018,  Ward  Rashidi,  Mehta  et  al.,  2019).  Though  these 
 spheroid  models  have  been  widely  used  for  drug  discovery  studies,  the 
 biological  and  molecular  characteristics  of  their  CSCs  properties  are  still 
 lacking  (De  Angelis  ML,  Bruselles  A  et  al.,  2018,  Ho,  Yeap  et  al.,  2012,  Li, 
 Zhang et al., 2010).  


A  small  short  non-coding  RNA,  known  as  microRNA  (miRNA)  has 
 been recently identified to play important roles in regulating gene expressions 
 (Catalanotto, Cogoni et al., 2016, Hanna, Hossain et al., 2019). Deregulation of 
 these  miRNAs  contributes  to  various  human  diseases  including  cancer  and 
 more  recently  as  a  common  feature  in  CSCs  (Garg,  2015,  Giza,  Vasilescu  et 
 al., 2014, Li and Kowdley, 2012). Although the research on miRNAs is rapidly 
 developing,  there  are  limited  studies  available  regarding  miRNA  expression 
 profiles  of  breast  CSCs.  Based  on  their  significant  roles,  establishment  of 
 miRNAs  profiles  in  particularly  looking  at  breast  CSCs  has  drawn  attention 
 from  investigators  (Vahidian,  Mohammadi  et  al.,  2018,  Wang,  Chen  et  al., 
 2017).  Detection of specific miRNAs signatures together with their associated 
 regulatory pathways and their functions in breast CSCs could provide potential 
 miRNA-biomarkers for  early diagnosis  and treatment (Cha, Choi  et  al.,  2017, 
 Jiang, Ma et al., 2019).  


The present study hypothesised that the anchorage-independent culture 
technique in the form of spheroid could enrich cells with CSCs properties from 
the two distinct breast cancer subtypes. We also hope that the second focus of 
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our  study  on  the  miRNA  profiling  on  CSCs  subtypes  could  complement  our 
understanding on the molecular mechanism at the miRNA level to facilitate the 
development of more effective targeted therapies.  
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 CHAPTER 2 
 LITERATURE REVIEW 


2.1 Cancer 


Tumour  is  a  disease  caused  by  an  abnormal  appearance  of  mass  of 
 tissues in a body. It is caused by the uncontrolled growth of cells which evade 
 the  body’s  surveillance  mechanism  and  continue  to  proliferate  without 
 stopping  (Blasco,  2005).  Tumours  can  be  classified  into  two  types,  i.  benign 
 and  ii.  malignant  (Hutchinson,  2010).  Cells  in  benign  tumour  have  limited 
 growth  ability  and  do  not  spread  to  nearby  tissue.  Malignant  tumours,  on  the 
 contrary, are more dangerous, as the cells grow out of control and invade parts 
 of the body. The invasion occurred when the cells dislodge and break off from 
 the initial tumour, form a secondary tumour and metastasise (spread) into other 
 organs (Akrap, Andersson et al., 2016). A broader way to classify cancer cell 
 types rather than the particular cancers is according to the site of cancer origin. 


The  different  types  of  cancers  are  known  as  carcinoma  (refers  to  cancer 
originated  from  the  external  lining  of  organs  and  tracts),  sarcoma  (cancer 
originated in connective tissues such as bones, tendons and muscle), myeloma 
(refers to  cancer  arising  from  plasma cell of bone marrow), leukaemia  (refers 
to  cancer  originated  from  blood  forming  tissues),  lymphoma  (refers  to  cancer 
arising from networks of lymphatic system) and brain and spinal cord cancers 
(cancers  that  affect  the  central  nervous  system).  Although  there  are  different 
types of cancer depending on the tissue of origins, they all share some common 
characteristics.  
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It has been proposed there are six important hallmarks that define what 
 a cancer is, that simplify our understanding on the complexities of this disease 
 (Hanahan  and  Weinberg,  2000).  The  six  hallmarks  are  continuous  growth, 
 insensitivity to growth elimination, triggering growth invasion and metastasis, 
 activation  unlimited  replicative  ability,  sustaining  angiogenesis,  and  escaping 
 apoptosis.  Recently,  the  same  research  group  has  added  two  new  hallmarks 
 into  the  core  list  which  are  the  reprogramming  of  energy  metabolism  and 
 insensitivity  to  immune  mechanism  and  two  more  emerging  traits:  genomic 
 instability  and  mutation  and  tumour-promoting  inflammatory  responses 
 (Hanahan  and  Weinberg,  2011).  Altogether,  these  eight  hallmarks  encompass 
 on the multistep processes on how normal cells progress to become cancerous.   


Genetics  changes  and  lifestyle  factors  are  the  main  causes  of  cancer 
(Loef  and  Walach,  2012,  Vogelstein,  Papadopoulos  et  al.,  2013).  Cells  in  the 
body grow and reproduce in a coordinated way under strict regulations by the 
nucleus.  However,  exposure  to  carcinogens  (cancer-causing  substances)  or 
inherited genetic changes  cause the changes in  genes  that regulate the normal 
functioning  of  the  cells.  The  process  of  change  is  known  as  mutation 
(Weinhold,  Jacobsen  et  al.,  2014).  It  is  now  evident  cells  with  mutations  in 
three main classes  of genes  such tumour suppressor genes,  DNA repair genes 
and  proto-oncogenes  are  the  main  contributors  for  cells  to  divide 
uncontrollably  (Bailey,  Tokheim  et  al.,  2018).  Alterations  of  the  TP53  gene 
(well known as ‘guardian of the genome’), a gene that has been found in a wide 
range of human cancers, encodes proteins to arrest cell division and eventually 
blocks  the  formation  of  tumours  (Giacomelli,  Yang  et  al.,  2018).    Numerous 
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tumour-based p53 therapies have been described in recent years, with the main 
 strategy  of  restoring  the  mutated  p53  genes  with  healthy  p53  genes  in  anti-
 cancer treatment (Aisner, Sholl et al., 2018, Liu, Zhang et al., 2015). Still, the 
 potential applications of these treatments remain a challenge as it involves  the 
 use  of  genetically  engineered  virus  delivery  mechanisms  that  are  normally 
 associated  with  harmful  side  effects.  Interestingly,  tumour  cells  have  been 
 found  to  have  an  overexpression  of  oncogenes  which  are  responsible  for 
 continuous  cell  proliferation,  cell  growth  and  differentiation  (Liu,  Murphy  et 
 al.,  2018,  Volonte,  Vyas  et  al.,  2018,  Zhang,  Yang  et  al.,  2018).  Despite 
 decades  of  research  on  cancer,  the  molecular  mechanisms  of  cancers  which 
 provide  important  opportunities  for  targeted  cancer  therapies  are  still  poorly 
 understood.  


Cancers remain a difficult disease to treat and it is now a major problem 
across  the  world.  It  is  the  second  most  common  cause  of  death  after  heart 
disease  in  the  United  States  (Siegel,  Miller  et  al.,  2018). According  to  the 
global  estimates  from  Institute  for  Health  Metrics  and  Evaluation  (IHME)’s 
global burden of diseases analysis, the attributed deaths due to cancer is on the 
increase,  though  many  cases  go  unreported.    Tracheal,  bronchus  and  lung 
cancers  have  the  highest  mortality  claiming  1.9  million  in  2017  followed  by 
colon,  liver  and  breast  cancers,  all  claiming  deaths  between  600,000  and 
900,000 annually. The detailed breakdown on cancer deaths by type of cancer 
in  the  world  in  2017  is  shown  in  Figure  2.1.  In  Malaysia,  there  are  about 
100,000 cases of cancer reported each year, accounted for 13.6% of all deaths 
(Azizah Ab M, Nor Saleha I.T et al., 2016). According to the National Cancer 
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Patient Registry report 2007–2011 (Azizah Ab M, Nor Saleha I.T et al., 2016), 
cases  of  cancer  reported  were  higher  in  females  (54.8%)  compared  to  males 
(45.2%), with life time risk of getting cancer reported to be 1 in 9 for females 
and 1 in 10 in males. The most common cancers affecting males and females in 
Malaysia  are  shown  in  Figure  2.2.  It  is  projected  that  the  number  of  cancers 
would increase by 15% by the year 2020, mainly affecting the older Malaysian 
population. 



(42)9 
   


Figure  2.1.  The  bar  charts  show  the  detail  breakdown  on  the  worldwide 
pattern of cancer deaths. (Max and Hannah, 2018) 
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Figure  2.2.  Age-standardised  rate  for  ten  common  cancers  by  sex  in 
Malaysia from 2007 to 2011 (Azizah Ab M, Nor Saleha I.T et al., 2016) 
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2.1.1 Global and Regional Burdens of Breast Cancer 


   Breast cancer is defined as the cancer which occurs in the tissues of the 
 breast  such  as  the  lobes,  lobules  (milk  glands),  ducts,  lymph  nodes  and  also 
 other parts of the breast (Feng, Spezia et al., 2018). It is commonly diagnosed 
 in  women  worldwide  with  equal  incidences  rates  in  both  developed  and 
 developing countries. In the United States alone, it is the second most common 
 cause of death among women, in which 1 in 8 women would be diagnosed with 
 breast  cancer  in  her  lifetime.  Though  it  affects  women  generally,  men 
 somehow could develop breast cancer, but the occurrence is very rare. Across 
 the  globe,  it  is  estimated  that  1.6  million  women  are  diagnosed  for  breast 
 cancer  yearly,  accounting  for  25%  of  all  cancers  in  females  (Torre,  Islami  et 
 al., 2017).   


In  Malaysia,  according  to  the  National  Cancer  Registry,  breast  cancer 
 incident  rates  displayed  a  slight  variation  with  1  in  20  women  developing 
 breast cancer in their lifetime, with different rates among the three main races. 


It was most common among the Chinese and Indian women (1 in 16) and 1 in 
28  among  the  Malays  population.  Differences  for  this  variation  include 
demographic  (geographic  location,  socio-economic),  family  history, 
reproductive  factors  (menarche  age,  first  child,  number  of  children),  duration 
of  breastfeeding,  and  lifestyle  factors  (diet  and  tobacco  smoking)  (Grosso, 
Bella et al., 2017).  
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 2.1.2 Biology of Breast Cancer 


Human  breast  tissues  start  to  develop  at  the  6th  week  of  life  in  the 
 womb, leaving two breasts buds on the chest at birth. The breasts  continue to 
 develop  further  at  puberty  or  pregnancy  under  the  influence  of  female 
 hormones specifically the oestrogen and progesterone (Javed and Lteif, 2013). 


The  breast,  known  as  the  site  of  milk  production,  is  surrounded  by  a  mass  of 
 glands,  connective,  adipose,  and  fibrous  tissues.  The  breast  tissues  are  also 
 made  up  of  two  types  of  networks,  namely  the  blood  system  as  well  as  the 
 lymphatic  system.  The  circulating  blood  in  the  breasts  provides  nutrient  and 
 oxygen  to  the  breast  cells  and  carries  waste  materials  away  from  the  breasts 
 (Zucca-Matthes,  Urban  et  al.,  2016).  Lymphatic  systems  on  the  other  hand, 
 drain  excess  fluid  and  provide  immunity  by  killing  foreign  invasion  and 
 destroy  cancerous  cells.  Breast  development  is  largely  under  the  influence  of 
 the  oestrogens  hormones,  which  peaks  during  puberty  in  females  (Hilton, 
 Clarke et al., 2018).  


Oestrogens are steroid hormones released from the ovaries, responsible 
for  the  growth  and  development  in  female  mammary  gland  and  reproductive 
system (Wilkinson and Hardman, 2017).  In addition, it is also well established 
that  oestrogens  significantly  promote  breast  carcinogenesis  (Lipovka  and 
Konhilas,  2016).  For  examples,  mice  treated  with  increased  dosage  of 
oestrogens  have  a  higher  risk  of  breast  cancer  in  an  earlier  study  (Russo  and 
Russo,  1996).  Similarly,  in  a  recent  study,  using  breast  cancer  cell  lines, 
oestrogens appeared to be associated with enhanced cell growth and motility in 
oestrogens responsive MCF-7 cell line through an oestrogen-mediated integrin 
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intracellular  pathway  (Ho,  Chang  et  al.,  2016).  Based  on  clinical  studies, 
 patients with oestrogen-positive tumours had a better survival when subjected 
 to standard oestrogens-depletion therapy compared to patients with oestrogen-
 negative tumour, suggesting the association of oestrogen to the progression of 
 this disease (Finn, Martin et al., 2016, Rose, Vtoraya et al., 2003). A majority 
 of all breast cancers diagnosed are oestrogen receptor-positive (Zhang, Man et 
 al.,  2014).  Oestrogens  exert  their  activity  by  passing  through  the  cell 
 membrane, binding to its specific oestrogens receptor in the cell’s nucleus, and 
 transforming  the  receptor  into  an  activated  transcription  factor.  Activation  of 
 oestrogen-specific  elements  (EREs)  which  lie  within  the  promoter  region  of 
 specific  regions  occurs  and  this  ultimately  led  to  the  regulation  of  various 
 expressions of genes (Yaşar P, Ayaz G et al., 2016).  


The  biological  effects  of  oestrogens  action  often  resulted  in  rapid  cell 
proliferation and differentiation. Cells exposed to excessive oestrogens grow in 
a  rapid  manner  in  which  often  the  DNA  damage  left  uncorrected,  and  these 
eventually  lead to  accumulation of DNA mutations (Tubbs and Nussenzweig, 
2017,  Yasuda,  Sakakibara  et  al.,  2017).  Therefore,  oestrogen-stimulated  cells 
with  mutations  in  critical  genes  often  induce  breast  cancer.  However,  the 
majority of patients developed resistance to hormone oestrogen therapy (Patani 
and Martin, 2014). It has been shown that both oestrogens and some signalling 
growth factors involved in the oestrogen resistance breast cancer pathogenesis, 
specifically modulating the growth  factor  receptor expressions (Kovats,  2015, 
Mills,  Rutkovsky  et  al.,  2018).  Numerous  studies  have  been  attempted  to 
clarify  the  contributions  of  these  growth  factors  to  the  disease  progression. 
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Epidermal  growth  factors  (EGFs),  is  one  of  the  first  growth  factors  being 
 investigated, whereby overexpression leads to activation of a series of cascade 
 reactions and formation of protein complexes that promotes breast cancer cell 
 proliferation  and  migration  (Lim,  Li  et  al.,  2016,  Zhao,  Ma  et  al.,  2018). 


Deregulation of fibroblast growth factors (FGFs) expression on the other hand 
 has  been  suggested  to  protect  the  mutated  cells  from  apoptosis,  potentially 
 leading  to  survival  of  breast  cancer  cells  and  eventually  cancer  progression 
 (Meng, Vander Ark et al., 2015, Wheler, Atkins et al., 2016). The insulin-like 
 growth  factors  (IGFs)  that  are  aberrantly  expressed  in  malignant  breast 
 epithelial  cells,  have  been  found  to  interact  synergistically  with  the  oestrogen 
 signalling network through the autocrine and paracrine interactions within the 
 complex  breast  tumour  microenvironment  (Christopoulos,  Msaouel  et  al., 
 2015,  Scully,  Firth  et  al.,  2016).  The  development  of  specific  biological 
 inhibitors should provide new approaches in breast cancer management, yet it 
 comes with numerous challenges due to the integrated signalling networks by 
 the various growth factors.  


2.1.3 Molecular Breast Cancer Subtypes    


It  is  important  to  group  breast  cancers  into  their  relevant  subtypes  as 
different  subtypes  require different  therapeutic strategies  (Yersal  and Barutca, 
2014).  Classical  methods  of  grouping  breast  cancer  are  mainly  based  on 
morphology  characteristics  performed  by  pathologists.  Techniques  based  on 
immunohistochemistry markers correlated with clinic pathological data (size of 
tumour,  grade  of  tumour,  and  involvement  of  lymph  nodes)  are  often  used  to 
group  the  tumours  into  different  categories  (Eliyatkın,  Yalçın  et  al.,  2015). 
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However,  this  traditional  way  of  classification  of  breast  cancer  has  its  own 
 limitations.  Over  the  years,  the  advancement  of  molecular  platforms  for  gene 
 expression  profiling  (e.g.  microarrays)  have  successfully  group  the  breast 
 cancers  not  based  on  their  physical  attributes,  but  rather  on  the  intrinsic 
 molecular  characteristics  subtypes  (Hassanpour  and  Dehghani,  2017).  With 
 this, it enables the heterogeneity of breast cancer even within a single tumour 
 or tumour of the same type to be classified (Desai, Torous et al., 2018). Thus, 
 in the new taxonomy, which was pioneered by Sorlie et al, 2000, the tumours 
 were classified into four molecular subtypes (Table 2.1). 


2.1.4 Risk factors, Diagnosis and Treatment  


Breast  cancer  is  a  complex  and  multifactorial  disease  (Sabry,  Mostafa 
et al., 2018). The development of breast cancer involves many stages and often 
over  a  duration  of  time.  A  majority  of  women  feel  an  unusual  lump  in  their 
breasts  which  is  often  painless  as  the  first  sign  of  breast  cancer.  Risk  factors 
associated  with  high  incident  rates  of  breast  cancer  have  been  identified  and 
these  include  age,  dense  breast  tissue,  physical  inactivity  and  obesity, 
reproductive  and  menstrual  history,  history  of  menopausal  hormone 
replacement  therapy,  alcohol  consumption  and  smoking  (Sun,  Zhao  et  al., 
2017).  In  addition,  recent  research  has  implicated  those  genetic  alterations 
(inherited mutations of BRCA genes or other breast cancer susceptibility genes) 
increase  the  likelihood  of  women  to  develop  breast  cancer  (Apostolou  and 
Fostira,  2013,  Castro,  de  Santiago  et  al.,  2015).  Still,  many  women  with  no 
apparent  risk  develop  the  disease.  Therefore,  having  a  healthy  lifestyle  may 
help to lower the risk of getting breast cancer. 
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Table  2.1.  Summary  of  breast  cancer  molecular  subtypes.  (Eliyatkın, 
 Yalçın et al., 2015) 


Molecular 
 subtype 


Receptor 
 expression 


Histologic 
 grade 


Prognosis  Prevalence  Response  to 
 treatment 


Luminal A  ER+, PR+, 
 HER2- 


Low (1 or 2)  Good  23.7%  Endocrine 


Luminal B  ER+, PR+, 
 HER2- 


Intermediate  
 (2 or 3) 


Intermediate  38.8%  Trastuzumab 


Her2 +  ER-, PR-, 
 HER2+ 


Intermediate  
 (2 or 3) 


Poor  11.2%  Chemotherapy 


Triple 
 negative 


ER-, PR-, 
 HER2- 


High (3)  Poor  12.3%  Chemotherapy 
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Current diagnostic approach involves thorough physical examination on 
 the overall breast texture, size, skin condition, and any changes in the nipples 
 (Wöckel,  Albert  et  al.,  2018).  Further  screening  test  involves  the  use  of  low 
 dosage  of  X-ray  known  as  mammography  to  examine  the  breasts  for  any 
 cancer signs (Li, Zhang et al., 2016, Seely and Alhassan, 2018). Mammogram 
 is normally useful for early detection of breast cancers in which treatment can 
 be  carried  out  most  effectively.  Nevertheless,  this  commonly  used  screening 
 approach is hampered by insensitivity and misdiagnosis (Chan, Coopey et al., 
 2015). For instance, it has been shown that women with dense breasts are often 
 misdiagnosed  and  it  also  cannot  detect  very  small  tumour  in  the  breasts 
 resulting  in  false  negative  result.  Therefore,  the  use  of  mammogram  for 
 screening  needs  to  be  re-evaluated to  minimise any unnecessary interventions 
 resulting  from  the  potential  drawbacks  of  mammography.  On  the  other  hand, 
 this  problem  is  further  compounded  in  developing  countries  because  of 
 diagnosis made in late stages in the majority of women, mammogram cost and 
 limiting  treatment  availability  (Sharp,  Hippe  et  al.,  2019).  Currently,  the  best 
 option for early intervention is prompt diagnosis. It is only in recent years that, 
 molecular screening being introduced in breast cancer diagnosis as a result of 
 advancement  in  molecular  tools  (Sokolenko  and  Imyanitov,  2018). 


Comprehensive molecular testing has been introduced due to the discovery of 
 various  ‘biomarkers’  that  can  be  found  only  in  tumour  tissues  (Kalia,  2015). 


The  molecular  markers  for  breast  cancer  include  cancer-related  oncogenes  as 
well  as  tumour-suppressor  genes,  hormonal-based  receptors,  and  protein 
biomarkers (Walsh, Nathanson et al., 2016). Commercially available tests such 
as MammaPrint Test and OncoTypeDx Test to analyse the activities of breast 
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cancer-related genes and their recurrence risks are one of the few examples of 
 advanced molecular diagnostics tools using microarray technologies (Beumer, 
 Witteveen  et  al.,  2016,  McVeigh,  Hughes  et  al.,  2014).  The  results  from  the 
 tests  are  very  beneficial  and  therefore  enable  better  treatment  decisions.  


Potentially  novel  microRNAs-based  diagnostics  have  been  recently 
 incorporated  as  new  molecular  markers  in  predicting  the  behaviour  of  cancer 
 (Nicolini,  Ferrari  et  al.,  2018,  Tan,  Liu  et  al.,  2018).  It  is  hoped  that  with 
 improvements  in  microRNA  expression  profiling  technologies,  more  new 
 microRNAs as molecular markers could be discovered. These markers may be 
 even  more  informative  for  prognostication  of  cancer  and  together  with  other 
 molecular method possibly lead to the emergence of personalised medicine as 
 what we know it now (Gao, Wang et al., 2018, Sun, Zhu et al., 2018).  


Treatment recommendations for breast cancer depend on several factors 
 which  include  the  staging  (tumour  size  and  extent  of  spread),  the  molecular 
 subtype of the tumour,  age, and patient  preferences  (Waks  and Winer, 2019). 


For  early  breast  cancer  stage,  surgery  to  remove  the  tumour  in  one  of  the 
 breasts  or  a  bilateral  mastectomy  (removal  of  both  breasts)  is  preferred 
 (Garcia-Etienne,  Tomatis  et  al.,  2012).  Surgery  is  also  performed  for  those 
 women in high risk group with BRCA1 or BRCA2 gene mutations as a form of 
 preventive surgeries (Chiesa and Sacchini, 2016). For recurrent and metastatic 
 cancer, adjuvant therapies which include chemotherapy, hormonal therapy, and 
 targeted  therapy  are  often  followed  surgery  (Chan,  Coopey  et  al.,  2015). 


Chemotherapy  normally  acts  by  inhibiting  the  cell  cycle  of  cancer  cells, 
preventing  them  from  growing  (Punzi,  Meliksetian  et  al.,  2019). 
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Administrations  of  chemotherapeutic  drugs  post-surgery  are  performed  to 
 eliminate the remaining cancer cells (Karlsson, Cole et al., 2017). For early and 
 locally  advanced  breast  cancer,  chemotherapeutic  drugs  used  are  tamoxifen, 
 cyclophosphamide, docetaxel, and paclitaxel, in which combinations of 2 or 3 
 drugs are used for a more effective treatment (Anampa, Makower et al., 2015, 
 Tong,  Wu  et  al.,  2018).  For  metastatic  breast  cancer,  combination  of 
 chemotherapeutic drugs use includes cisplatin, doxorubicin, and 5-fluorouracil 
 (5-FU) (Merino, Nguyen et al., 2016, Sledge, Neuberg et al., 2003).  


In general, chemotherapeutic drugs work in all phases of the cell cycle 
 act  by  either  damaging  the  DNA  of  the  cancer  cells  to  prevent  further  cell 
 division  or  interfering  with  the  DNA  and  RNA  activities.  Hormonal  therapy, 
 on  the  other  hand,  is  effective  treatment  for  tumours  (Luminal  A  and  B)  that 
 are  positive  for  oestrogen  receptors  (ER)  and  progesterone  receptors  (PR)  for 
 early  or  metastatic  breast  cancer  (Rugo,  Rumble  et  al.,  2016).  The  therapy 
 blocks the action of the hormones on breast cancer cells preventing recurrence 
 in  post-surgery  treatment  or  causes  death  of  the  cancer  cells  resulting  in 
 shrinkage  in  tumour  in  the  advanced  stage  (Tremont,  Lu  et  al.,  2017). 


Hormonal  therapy  is  not  effective  for  triple  negative  (oestrogen-receptor  and 
progesterone-receptor  negative)  breast  cancer  (Al-Mahmood,  Sapiezynski  et 
al.,  2018).  Therefore,  targeted  therapies  which  target  the  specific  genes  or 
proteins  of  the  cancer  cells  of  triple  negative  breast  cancer  are  used  (Ahmed, 
Koval et al., 2019, Ju, Zhu et al., 2018). Some of the targeted therapies which 
have  been  proposed  are  VEGF  inhibitors  (Ribatti,  Nico  et  al.,  2016),  PARP 
inhibitors  (McCann  and  Hurvitz,  2018),  and  EGFR-targeted  therapies  (Nakai, 
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