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(4) ELUCIDATION OF microRNA miR-6744-5p REGULATION OF ANOIKIS IN BREAST CANCER CELL LINES AND POTENTIAL FOR THERAPEUTIC APPLICATIONS ABSTRACT Anoikis is apoptosis induced when cells are detached from the extracellular matrix and neighbouring cells. Since anoikis serves as a regulatory barrier, cancer cells often acquire. ay. a. resistance towards anoikis during tumorigenesis to become metastatic. MicroRNAs (miRNAs) are short strand of RNA molecules regulating genes post-transcriptionally, by. al. binding to mRNAs and reducing the expression of its target genes. This study aims to. M. elucidate the role of a novel miRNA, miR-6744-5p, in regulating anoikis in breast cancer and identify its target gene. Anoikis resistant variant of luminal A type breast cancer. of. MCF-7 cell line (MCF-7-AR) was generated by selecting and amplifying surviving cells. ty. after repeated exposure to growth in suspension. miRNA microarray revealed a list of dysregulated miRNAs, from which miR-6744-5p was chosen for overexpression and. si. knockdown studies. In MCF-7, overexpression of miR-6744-5p increased anoikis as. ve r. shown by viability and caspase-3/7 activity assay, inhibited cell migration as shown by wound healing assay and increased E-cadherin expression as shown by Western blotting.. ni. Knockdown of miR-6744-5p decreased anoikis, increased cell migration and decreased. U. E-cadherin expression. In the invasive triple-negative breast cancer cell line MDA-MB231, overexpression of miR-6744-5p promoted anoikis and inhibited cell migration but knockdown of miR-6744-5p produced no effect. Additionally, overexpression of miR6744-5p also induced morphological changes of MDA-MB-231 cells and inhibited invasiveness of the cells in vitro in transwell invasion assay and in vivo in zebrafish larva metastasis model. Furthermore, N-acetyltransferase 1 (NAT1) has been identified and validated as the direct target of miR-6744-5p using luciferase reporter assay and western. iii. 

(5) blot. Overall, this study has proven the ability of miR-6744-5p to increase anoikis in both luminal A and triple negative breast cancer cell lines, highlighting its therapeutic potential in treating breast cancer.. U. ni. ve r. si. ty. of. M. al. ay. a. Keywords: anoikis, miRNA, breast cancer. iv. 
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(23) INTRODUCTION Breast cancer remains among the top cancer types worldwide, affecting women predominantly. A recent analysis done in Europe has placed breast cancer as the most common cancer in Europe, revealing a worrying trend (Ferlay et al., 2018). As such, despite having a relatively better prognosis, breast cancer is one of the biggest contributors to overall cancer death at 6.4%. Based on molecular expression, breast cancer. a. can be grouped into several subtypes, such as luminal, HER2-enriched and basal-like. ay. (Engstrom et al., 2013). Classifying breast cancer into these groups enables treatment. al. decision, although it does not guarantee efficiency due to breast cancer heterogeneity.. M. Anoikis is the cell death that occurs when cells are removed from the attachment to the extracellular matrix (ECM) and other neighbouring cells, mediated by cell adhesion. of. molecules (CAMs) (Paoli et al., 2013). This detachment severs the survival signals from. ty. CAMs, resulting in apoptotic cell death. As such, anoikis is a barrier that cancer cells often attempt to break during tumorigenesis before being able to metastasise (Kim et al.,. si. 2012). Monitoring anoikis related biomarkers and targeting anoikis resistance in. ve r. developing cancer therapeutics will no doubt prove to be a more effective strategy in reducing the aggressiveness of cancer and decreasing the probabilities of cancer. U. ni. recurrence.. MicroRNAs (miRNAs) are short strand of RNA molecules that are involved in the. regulation of myriads of cellular processes (Macfarlane & Murphy, 2010). By binding to an mRNA 3’ untranslated region (UTR) with a complementary sequence, miRNAs downregulate the expression of target genes post-transcriptionally. In cancer, the expression of miRNAs has been shown to be dysregulated, with the increase in expression of miRNAs that promote tumorigenesis and decrease in the expression of miRNAs that inhibit tumorigenesis (Iorio & Croce, 2012). 1. 

(24) Although studies of dysregulated miRNA in breast cancer are not new, there are relatively few studies that have analysed the link between anoikis resistance and miRNA in breast cancer. As such, this project hypothesises that novel miRNAs regulate anoikis in breast cancer cells by targeting anoikis-related genes. . Thus, the objectives of this thesis are:. a. i. To generate an anoikis resistant variant of MCF-7 breast cancer cell line.. ay. ii. To list differential miRNA expression in anoikis resistant MCF-7 using miRNA microarray and select miRNA candidates for further studies.. al. iii. To identify the effects of the selected miRNA in regulating anoikis and. M. migration in the non-invasive MCF-7.. iv. To investigate the effects of the selected miRNA in regulating anoikis,. of. migration and invasion in the invasive MDA-MB-231 breast cancer cell. ty. line.. v. To establish potential target genes and signalling network regulated by the. si. selected miRNA.. ve r. vi. To confirm the miRNA-target gene interaction and validate the. U. ni. downregulation of the target gene by the selected miRNA.. 2. 

(25) LITERATURE REVIEW 2.1. Breast cancer Overview. Although cancer is often seen as a single disease affecting various parts of the body, a major consensus on cancer is that it collectively refers to a group of genetic diseases unified by the six major criteria at a cellular level (Hanahan & Weinberg, 2011). These. a. are the hallmarks of cancer, which are the evasion of cell death, continuous survival. ay. signalling, indomitable growth, invasive and metastatic spread, unlimited replication and. al. induction of angiogenesis. These characteristics endow cancer with the ability to resist. one of the leading causes of death globally.. M. the internal immune response and many existing therapeutic options, putting cancer as. of. Breast cancer is reportedly well known to have highly favourable prognosis among the. ty. different cancer types. Unfortunately, despite predominantly affecting only women, an analysis from 2012 found breast cancer to be the second most common cancer overall and. si. is prevalent almost equally in both less- and well-developed parts of the world (Ferlay et. ve r. al., 2015). As such, the high frequency of breast cancer has placed it as the fifth most common cause of cancer death in 2012, representing 6.4% of overall cancer death. A. ni. more recent analysis carried out in Europe has revealed the worsening of this worrying. U. trend, with breast cancer taking the first place as the most common cancer in 2018 (Ferlay et al., 2018). Similarly, breast cancer ranks as the top cancer in Malaysia, with 24,012 new cases reported in 2018, representing 18.63% of all cancer cases (Bray et al., 2018). Even with comprehensive genomic profiling, understanding the dysregulated molecular network in breast cancer is not an easy feat and remains an ongoing challenge. However, knowledge accumulated so far has enabled classifying breast cancer into four major subtypes based on the expression of key biomarkers, such as estrogen receptor. 3. 

(26) (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2) and cell proliferation marker Ki-67 (Cancer Genome Atlas, 2012). These subtypes are luminal A, luminal B, HER2-enriched and basal-like; however, additional biomarkers can be taken into consideration to derive more subtypes (Engstrom et al., 2013; Godone et al., 2018). Since the objective of classifying breast cancer is to determine effective treatments, this grouping enables informed clinical decision based on predicted responsiveness to known therapeutic approach (Coates et al., 2015). As of now, common. ay. a. breast cancer treatments include cytotoxic chemotherapy, endocrine therapy and HER2-. al. targeted therapy. Breast cancer biomarkers. M. The four broadly identified breast cancer markers are the hormone receptor ER and. of. PR, HER2 and Ki67. In addition to these, there are other markers that can be used to expand the existing molecular classification of breast cancer, such as cytokeratin 5/6 and. ty. claudin proteins (Godone et al., 2018). However, although the analysis of these. si. biomarkers can greatly assist breast cancer treatment, commonly available. ve r. immunohistochemistry tools are incapable of correctly distinguishing the molecular subtype of breast cancer, restricting accurate classification to the availability of the more. U. ni. expensive and advanced genetic assays (Vieira & Schmitt, 2018). Hormone receptors. As the presence of hormone receptors ER and PR marks majority of the reported breast. cancer cases, the understanding of the role of these receptors in cancer development and growth is important. ER is a receptor activated by the ligands known as estrogen. Estrogen is a type of hormone produced naturally in the body in the forms of estrone, estradiol and estriol. Due to its lipophilic nature, estrogen is able to pass through the plasma membrane to ligate and activate genomic signalling through ER isoforms, which are expressed as. 4. 

(27) ERα or ERβ (Hua et al., 2018). Upon activation, the ER receptors form either homo- or heterodimers before proceeding into the nucleus to act as transcriptional activators. Meanwhile, PR is another hormone receptor used as a biomarker for breast cancer. Similar to ER, PR is ligated by a hormone, progesterone, resulting in its activation as a transcriptional factor (Daniel et al., 2011). Together, these hormone receptors have been implicated to promote tumourigenesis by promoting the expression of various oncogenes to stimulate proliferation and metastasis when activated (Saha Roy & Vadlamudi, 2012).. ay. a. Endocrine therapy is a relatively safe cancer treatment that serves to suppress the effects of these hormone receptors. This works either by the use of agonist such as tamoxifen to. al. competitively inhibit hormones from binding to the receptors, or aromatase inhibitors. M. such as anastrozole to lower hormone production (Lumachi et al., 2011).. of. HER2. ty. HER2 is another important receptor and biomarker in classifying several types of cancers including breast cancer. It belongs to the ErbB family, a group of structurally. si. related receptor tyrosine kinases, well known to modulate a wide variety of cellular. ve r. processes related to survival and proliferation (Burstein, 2005). As such, HER2 acts as an oncogene when overexpressed in breast cancer and provides an anti-apoptotic advantage. ni. (Mitri et al., 2012). HER2-targeted therapy using anti-HER2 monoclonal antibody or. U. HER2 inhibitor is the recommended treatment for cancers exhibiting overexpression of HER2, as determined through immunohistochemistry on tumour sample. Ki67 Although breast cancer cells are rapidly dividing, determining the proliferative nature to be either high or low plays a significant role in choosing the effective treatment and reducing the need and risk of cytotoxic chemotherapy. Ki-67 is a biomarker that is used for this very purpose. As a nuclear protein, Ki-67’s expression is correlated with the 5. 

(28) process of cell division, and its presence is used to denote high proliferation of tumour cells in breast cancer patients (Soliman & Yussif, 2016). A threshold for Ki-67 at 15% (compared to positive control) is commonly used as a cut-off point to determine rate of proliferation, where ≤15% is considered low Ki-67 and >15% is considered high Ki-67. However, establishing an exact cut-off point as a good prognostic marker remains controversial (Coates et al., 2015; Acs et al., 2017).. a. Types of breast cancer. ay. The luminal type breast cancer, named after its hypothesised origin from luminal. al. progenitor cells, represents the largest percentage of reported breast cancer and incidentally has the best prognosis compared to the other breast cancer types. Luminal A. M. is the first of the luminal type breast cancer, which can be characterised by the expression. of. of ER and PR, and low expression of Ki67 by the cancer cells (Cho, 2016). As a result of responsiveness to hormones and lower proliferative nature of the cancer cells, patients. ty. with luminal A breast cancer often exhibit relatively higher survival rates when given the. si. recommended treatment of endocrine therapy (Prat et al., 2015).. ve r. Luminal B is the second of the luminal type breast cancer, which is also characterised by the expression of ER and PR. However, unlike luminal A type, luminal B type. ni. expresses a high level of Ki67 and may or may not overexpress HER2 receptors (Cho,. U. 2016). These differences contribute to the poorer prognosis and long-term survival among patients with luminal B type breast cancer. As with luminal A type breast cancer, patients with luminal B type breast cancer can benefit from endocrine therapy due to the expression of hormone receptors by the cancer cells. Depending on the specific phenotype of the luminal B cancer cells, additional treatment can also be carried out, such as cytotoxic chemotherapy and HER2-targeted therapy (Coates et al., 2015).. 6. 

(29) HER2-enriched is the next breast cancer subtype, which represents breast cancer that overexpresses HER2 with minimal expression of hormone receptors. Although this subtype does not respond well to endocrine therapy, the high expression of HER2 has enabled targeted treatment options through anti-HER2 therapy in addition to cytotoxic chemotherapy (Coates et al., 2015). Finally, basal-like subtype, named after its hypothesised origin from basal progenitor. a. cells, is negative for both ER and PR and has normal HER2 expression (Cho, 2016). Due. ay. to the lack of a specifically targetable element, this subtype has the poorest prognosis. M. Breast cancer heterogeneity. al. among the breast cancer subtypes with limited treatment options.. As with other cancer types, intertumour and intratumour heterogeneities introduce. of. complexities to type-specific chemotherapy for breast cancer (Polyak, 2011). Intertumour. ty. heterogeneity refers to the differences within a specific type of cancer between patients, whereas intratumour heterogeneity refers to the differences within a single tumour. The. si. fact that such heterogeneities exist is not surprising considering that cancer cells are. ve r. continuously undergoing genetic and epigenetic changes. For example, although the previous understanding was that luminal type breast cancer originates from luminal. ni. progenitor cells, and basal-like breast cancer originates from basal progenitor cells, the. U. possibility of luminal progenitor cells transforming into basal-like breast cancer cells has been demonstrated using an animal model and human tissue samples (Lim et al., 2009; Molyneux et al., 2010). From a clinical perspective, this issue can be a challenge when devising appropriate treatment regimen for cancer patients as the current histopathological and molecular subtyping of breast cancer relies on tumour biopsy, which do not accurately reflect the entire population of the tumour (Rivenbark et al., 2013). As such, due to both intra- and intertumour heterogeneity, a recommended. 7. 

(30) treatment for a breast cancer subtype may not be effective in all patients due to the presence of undetected subpopulation of tumour cells of a different subtype. Various solutions have been proposed to increase our understanding of the varying cellular makeup in a tumour sample. Currently, a number of genomic profiling platforms are available for breast cancer analysis, such as BreastPRS, Mammaprint and Oncotype DX, which can provide additional insights on risk of recurrence and benefits of specific. a. cancer treatment (Fayanju et al., 2018). Furthermore, single-cell sequencing of. ay. representative cells derived from the primary tumour and analysis of cells from secondary. al. sources other than the primary tumour have also shown some promise in revealing the diverse characteristics of breast cancer, as well as identifying the existence of various. M. subtypes within the same patient (Navin et al., 2011; Ellsworth et al., 2017). Cells from. of. secondary sources, such as the metastases and circulating tumour cells (CTCs), undergo changes to survive in the circulatory system and metastasise, acquiring marked genetic. ty. differences compared to the primary tumour. For example, discrepancies in HER2 status. si. have been observed during the analysis of CTCs, where HER2-enriched CTCs were. ve r. discovered in HER2-negative breast cancer patients (De Gregorio et al., 2017; Jaeger et al., 2017). Such detections provide additional information that must be accounted for,. ni. which may enable earlier prediction of poor response to endocrine or HER2-targeted. U. therapy. However, while comprehensive analysis enables discerning the diverse subtype composition of the breast cancer, further evidence is still needed to support the usefulness of this information in cancer treatment and prognostics before its clinical application (Van Poznak et al., 2015). Overall, disregarding breast cancer heterogeneity may underestimate the actual tumour burden, resulting in poor prognosis and higher chances of recurrence. Regardless of the platform used, solving this issue will lead to more personalized and effective cancer treatments.. 8. 

(31) 2.2. Anoikis. Most cells in the human body are found affixed to a specific location within the context of their cellular functions. This is enabled by the extracellular matrix (ECM), a tissuespecific scaffold primarily made of collagen and other components secreted by fibroblasts (Mouw et al., 2014). The ECM not only provides structural support by assembling cell populations but also houses the necessary ligands and growth factors to potentiate survival signals, such as fibronectin, hyaluronic acid and laminins. As such, ECM. ay. a. prevents inadvertently-detached cells from reattaching at a different niche and initiating the growth of the wrong type of tissues. Anoikis is the apoptotic cell death that is induced. al. when cells are detached from their surrounding ECM and neighbouring cells.. M. The term ‘anoikis’, coined by Steven M. Frisch and Hunter Francis in 1994, combines. of. the Greek words ‘home’ and ‘without’ to refer to the homelessness of the detached cells. This was based on their discoveries on apoptosis that was induced in epithelial cells when. ty. the connection to the ECM was disrupted (Frisch & Francis, 1994). This finding became. si. the foundation to the existing understanding on how anoikis plays an important role in. ve r. the survival of cancer cells during metastatic progression. This study also demonstrated how anoikis can be inhibited through various means, such as the overexpression of anti-. ni. apoptotic Bcl-2, transformation by tumour-promoting agents and exposure to proteins. U. promoting motility and ECM invasion. Cells are able to interact with the ECM through receptors expressed on the plasma. membranes, such as the cell adhesion molecules (CAMs). One of the major groups of CAMs is integrins (Vachon, 2011). The integrins are ligated by the ECM components such as collagen, fibronectin and laminins, and can be found within structures known as the focal adhesion, a large multi-protein complex that anchors the cell to the ECM (Wu, 2007). Also found within this structure are the adaptor proteins and kinases that regulate. 9. 

(32) various downstream signalling pathway. Thus, by forming a transmembrane bridge connecting the ligands in the ECM with the CAM and actin cytoskeleton in the cells, the focal adhesion enables cells to receive survival signals when attached to the ECM. In addition to the cell-ECM bond, cell-cell interactions also form a crucial part of anoikis signalling network through receptors such as the cadherin family. A member of this family, E-cadherin, is another CAM that is expressed by epithelial cells. When ligated, E-cadherin plays an important role in survival and adhesion, as it regulates various. ay. a. signalling pathways and mediates the contact between the actin filaments of connecting. al. cells (Paoli et al., 2013).. Due to the tight interconnection between the ECM and anoikis, disruption in the ECM. M. landscape has shown to cause erroneous activation of anoikis in several diseases. For. of. example, in aneurysm, which is the weakening of the artery’s wall, it is shown that the enzyme plasmin causes fibronectin degradation in the ECM, resulting in the detachment. ty. and death of smooth muscle cells (Michel et al., 2018). On the other hand, inhibition of. si. anoikis can also prove to be pathogenic, which is evident from cancer cells acquiring. ve r. resistance to anoikis during tumourigenesis. As survival in the circulatory system in an anchorage-independent state is necessary for metastasising cancer cells, anoikis is one of. U. ni. the early barriers required to be broken before metastasis can occur. Apoptosis. Since the discovery that anoikis takes place through apoptosis, investigations have. shown the involvement of both caspase-dependent and caspase-independent apoptotic pathways. The caspase-dependent apoptotic pathway can be either intrinsic or extrinsic (Kim et al., 2012). In the intrinsic pathway during anoikis, disturbance to the cytoskeleton and increase in cellular stress cause the activation of pro-apoptotic BH3-only proteins Bim and Bid, 10. 

(33) which facilitate other pro-apoptotic proteins Bax and Bak to cause mitochondrial membrane permeabilisation. This is followed by the release of cytochrome c from the mitochondria, formation of apoptosome and subsequently the activation of caspases. Meanwhile, the extrinsic pathway involves the activation of tumour necrosis factor receptor (TNFR) superfamily. Detachment from the ECM has shown to produce overexpression of these receptors and their ligands, thus causing increased activation of. a. TNFR and the downstream caspases (Aoudjit & Vuori, 2001). The eventualities of both. ay. the intrinsic and extrinsic pathways are the same, which are the activation of the caspase. al. cascade and orderly destruction of the cells.. M. On the other hand, there are also emerging evidence supporting caspase-independent apoptosis in anoikis. For example, Bit1, a mitochondrial protein, is suggested to promote. of. anoikis upon loss of attachment to the ECM, although the exact mechanism of cell death. ty. is yet to be elucidated (Jenning et al., 2013).. si. Regulation of anoikis. ve r. The initiation of anoikis begins at the cell-surface level, a task handled by a multitude of receptors. These receptors can be those that mediate cell-ECM interactions, such as the. ni. integrins, or cell-cell interaction, such as E-cadherin, or growth-related transmembrane. U. receptors, such as the epidermal growth factor receptor (EGFR), HER2 and insulin-like growth factor 1 receptor (IGF1R). The role of each of these receptors and how they translate ECM detachment into apoptosis has been shown to occur through the regulation of various survival signalling pathways such as the PI3K/Akt and MAPK/ERK pathways (Slabáková et al., 2017), and the interactions are summarised in Figure 2.1.. 11. 

(34) a ay al M si. Integrins. ty. of. Figure 2.1: Signalling pathways regulating anoikis (adapted with permission from Malagobadan & Nagoor, 2019). ve r. Integrins are heterodimers found within the focal adhesion assembly and are made up of the α- and β-subunits. This pair of subunits can exist in 24 different combinations. ni. depending on cell type and responds to different ligands. Upon activation, the integrins. U. can activate the FAK/Src complex and recruit various other proteins to eventually activate the PI3K/Akt pathway and promote cell survival (Vachon, 2011). Since the detachment from the ECM deprives exposure to the ligands necessary to activate the integrins, cancer cells have been observed to manipulate its expression to favour integrins that can be activated by self-produced ligands. For example, integrin α5β1, also known as the fibronectin receptor, is upregulated in various types of cancer such as lung, skin and breast cancer (Schaffner et al., 2013). This integrin is ligated by the mesenchymal marker. 12. 

(35) fibronectin, which the cancer cells synthesise as it undergoes EMT, allowing the cells to compensate for the detachment from the ECM and inhibit anoikis. Growth-related transmembrane receptors EGFR and HER2 are members of the ErbB family widely reported to be overexpressed in different cancer types (Wang, 2017). In breast cancer especially, overexpression of EGFR in HER2-enriched cancer is correlated with poor prognosis and lower overall. ay. a. disease-free survival (Lee et al., 2015). As transmembrane receptors, the role of EGFR and HER2 in regulating anoikis can take place independently of ligation when cells are. al. detached from the ECM with the help of integrins. The tyrosine-protein kinase Src. M. recruited by activated integrin phosphorylates both EGFR and HER2, which then transduce signalling for PI3K/Akt and MAPK/ERK pathways to promote survival while. of. in suspension (Reginato et al., 2003; Haenssen et al., 2010). Additionally,. ty. phosphorylation of these receptors has also been demonstrated to inhibit anoikis by. si. suppressing the pro-apoptotic regulator Bim.. ve r. Meanwhile, IGF1R is another closely-linked receptor capable of promoting cell survival during ECM detachment. The ability of IGF1R to inhibit anoikis is primarily. ni. through the activation of PI3K/Akt pathway. In fact, the overexpression of IGF1R has. U. been repeatedly associated with drug resistance in HER2-enriched breast cancer subtypes, through the formation of heterodimer with EGFR and the upregulation of the PI3K/Akt pathway (Nahta et al., 2005; Gallardo et al., 2012). Furthermore, IGF1R was also shown to suppress anoikis in luminal type breast cancer when activated by its ligand, the insulinlike growth factor (IGF) (Luey & May, 2016).. 13. 

(36) E-cadherin E-cadherin is an epithelial marker that enables cell adhesion, activated by homophilic ligation with E-cadherin of neighbouring cells (Kovacs et al., 2002). As the activation of E-cadherin requires cell-cell contact, its expression is a liability to cancer cells attempting to detach and metastasise. This receptor regulates cytoskeletal dynamics through a complex formed with α-catenin, a cell-adhesion protein. Through this complex, E-. a. cadherin also sequesters β-catenin, another cell-adhesion protein and transcriptional. ay. activator. Consequently, this interaction prevents β-catenin from translocating to the. al. nucleus and activating the expression of proteins necessary for EMT and inhibition of anoikis (Lamouille et al., 2014). Furthermore, E-cadherin is also involved in the PI3K/Akt. M. pathway through its modulation of the tumour suppressor protein PTEN (Lau et al., 2011).. of. A negative regulator of the PI3K/Akt pathway, PTEN is a phosphatase that is repressed by β-catenin. By restricting β-catenin’s function, E-cadherin is able to prevent the. ty. dysregulation of PI3K/Akt pathway in cancer cells. Unsurprisingly, the loss of E-cadherin. si. expression is the hallmark of the epithelial-to-mesenchymal transition (EMT), a process. ve r. cancer cells undergo to become less differentiated during metastasis. EMT and anoikis. ni. To further understand the regulation of anoikis in cancer, it is imperative to clarify the. U. interaction between anoikis and various cellular processes implicated in cancer phenotypes. One of such interactions is between anoikis and EMT. During EMT, cancer cells lose the expression of epithelial markers, such as E-cadherin and α-catenin, and gain the expression of mesenchymal markers, such as N-cadherin, vimentin and fibronectin (Tsai & Yang, 2013). While it is necessary for normal bodily functions such as wound healing and tissue regeneration, EMT is also exploited by cancer cells for metastatic progression. To metastasise, cancer cells need to undergo dedifferentiation to lose. 14. 

(37) epithelial characteristics and become more motive. This allows the cells to relinquish the expression of cell surface receptor attaching them to the ECM and other cells, to adopt a more mesenchymal-like morphology. The cancer cells are now able to invade the circulatory system as they are no longer reliant on adherent growth condition to survive. Although EMT provides an invasive advantage, cancer cells eventually undergo the reversion of EMT, named mesenchymal-to-epithelial transition (MET) to attach. a. themselves to a different environment to form secondary tumours.. ay. EMT and anoikis resistance are mainly linked by the first stage of EMT, which is the. al. loss of E-cadherin. As E-cadherin plays a primary role in mediating cell-cell attachment, losing its expression facilitates cancer cell detachment from the original tumour and. M. inhibition of anoikis (Frisch et al., 2013). Additionally, cell-ECM interaction is also. of. altered during EMT, through the change in the landscape of integrin expression. Downregulation of epithelial integrins and increased expression of integrins conducive. ty. for metastasis have been observed in various cancer types (Lamouille et al., 2014).. si. The overexpression of metastasis-promoting integrins during EMT has also shown to. ve r. assist the degradation of the ECM by promoting the expression of matrix metalloproteinases (MMP). For instance, integrin α5β1 was necessary for MMP-2. ni. mediated breast cancer invasion, through the upregulation of survival signalling pathways. U. and direct interaction with MMP-2 (Morozevich et al., 2009). This integrin, which promotes cancer cell migration and invasion, was also observed to have an inverse relationship with E-cadherin, where the expression of E-cadherin suppressed the expression of integrin α5β1 (Wu et al., 2006). Autophagy and anoikis In addition to EMT, autophagy is another cellular process that is related to anoikis. Autophagy is a self-preservation mechanism that allows cells to degrade cellular 15. 

(38) components for recycling purpose or as a compromise in the event of stresses such as nutrient starvation (Saha et al., 2018). As such, autophagy maintains cellular homeostasis and contributes to increased resistance to cell death in the event of detachment from the ECM. The relationship of autophagy and anoikis is especially important as it determines what happens in the gap between ECM detachment and successful activation of anoikis. During this cytoskeletal stress condition, cancer cells are able to invoke autophagy as a. a. defence against anoikis.. ay. Studies have demonstrated how this is achieved, through the association between the. al. pro-apoptotic proteins Bim and Bmf, and pro-autophagy regulator Beclin-1 (Delgado & Tesfaigzi, 2013). These pro-apoptotic proteins are usually associated with the cytoskeletal. M. microtubule in adherent condition. In this configuration, Bim and Bmf are able to. of. sequester and suppress the function of Beclin-1. However, upon detachment from the ECM, this inhibition is repressed, allowing Beclin-1 to be released and initiate autophagy.. ty. Additionally, Beclin-1 is also inhibited through a complex with the anti-apoptotic protein. si. Bcl-2. A recent study showed that detachment from the ECM can cause the increase in. ve r. the expression of the pro-apoptotic protein BNIP3, which also releases the inhibition of Beclin-1 and activate autophagy (Chen et al., 2017).. ni. Unsurprisingly, Beclin-1 is also documented to be necessary for the formation of CSC. U. using breast cancer cell lines, where Beclin-1 expression was found to be high in mammospheres when compared to the adherent parental cells (Gong et al., 2012). However, this tumour promoting role may be restricted to a limited number of circumstances such as anoikis inhibition, as some findings suggest the possible tumour suppressive role of Beclin-1 (Avalos et al., 2014). For example, the expression of Beclin-1 is downregulated in a variety of cancer types due to the monoallelic loss of its gene. Moreover, the overexpression of Beclin-1 has also 16. 

(39) been shown to restrict proliferation and induce apoptosis in cervical and lung cancer models (Sun et al., 2011; Shin et al., 2013). As such, although cancer cells are able to resort to autophagy to circumvent anoikis in anchorage-independent condition, autophagy in cancer as a whole requires further delineation in establishing its function in tumourigenesis. Anoikis resistance in cancer stem cells (CSCs) and circulating tumour cells. a. (CTCs). ay. CSCs are cancer cells with stem-cell like features, such as self-renewal and. al. differentiation, which endow them with the prominent role in maintaining tumours and enabling the formation of metastases (Yu et al., 2012). Notably, CSCs are also well. M. known for their ability to form tumoursphere in cell culture by inhibiting anoikis.. of. Tumourspheres are spherical colony of cells derived from a single progenitor cancer stem cell in a non-adherent growth condition. The formation of tumourspheres using breast. ty. cancer cells, aptly termed mammosphere, is particularly interesting, as it provides several. si. advantages for in vitro analysis of CSCs that is otherwise not feasible. For example,. ve r. mammosphere formation assay has shown to be a promising model to enrich for CSCs and characterise them in tumourigenic breast cancer cell lines (Iglesias et al., 2013;. ni. Piscitelli et al., 2015). Furthermore, as targeting CSCs is an important strategy in cancer. U. treatment, this model also allows for faster and more effective anti-cancer drug screening against CSCs (Lee et al., 2016). CTCs are cancer cells that have detached from their originating tumour and successfully survived while suspended in the circulatory system. As such, CTCs represent what happens when cancer cells acquire resistance to anoikis. Unlike normal cells, cancer cells are able to reattach in various organs depending on the makeup of the original tumour and proliferate, resulting in the formation of secondary tumours. However, CTCs. 17. 

(40) as a whole is not intrinsically capable of forming metastases and is highly heterogenous (Bulfoni et al., 2016). For that purpose, CTCs need to undergo further phenotypic changes before seeding the growth of secondary tumours by becoming CSCs. Indeed, cellularand molecular-based analysis of CTCs have revealed that CSCs make up a significant population of CTCs (Toloudi et al., 2011). Currently, analysis of CTCs for diagnostic and prognostic purposes are still. a. unachievable due to various obstacles, such as limited blood sample, insufficient number. ay. of captured CTCs and inefficient separation of CTCs from the hematopoietic cells in the. al. blood samples (Bulfoni et al., 2016). Several interesting developments are being made in this front by targeting various molecular markers which may yield more information from. M. the liquid biopsy for treatment decision, such as epithelial cell adhesion molecule (Ep-. of. CAM), receptor CD45 and HER2 (Ferreira et al., 2016). For instance, in line with the findings on tumour heterogeneity, HER2-enriched CTCs were detected in both HER2-. ty. enriched and HER2-negative gastric cancer cases, suggesting the usefulness of HER2-. si. targeted therapy for these patients regardless of their primary tumour status (Matsusaka. ve r. et al., 2012; Mishima et al., 2017). It is also worth noting that while CTCs are in suspension, most resources are being. ni. used for survival, pushing proliferation lower in terms of priority. Unfortunately, since. U. most conventional chemotherapies are aimed at rapidly proliferating cells, CTCs are likely able to evade existing drugs and contribute to relapse (Mitra et al., 2015). Since these cells exist by inhibiting anoikis, detection of CTCs and biomarkers that can be specifically associated with anoikis resistance, such as miRNAs, may give a better perspective on the likelihood of metastasis or cancer recurrence.. 18. 

(41) 2.3. MicroRNA (miRNA). The discovery of non-coding RNAs (ncRNA) that are functional came as a surprise, as these were generally dismissed as ‘junk RNA.’ As of now, ncRNAs are not only found to be generously expressed but are also found in various forms and roles, among which is miRNA. Based on the latest miRNA database (miRbase release 22), 1917 miRNAs have been annotated in human, although much of these are in need of verification and in. a. vitro validation to remove false annotations.. ay. First characterised in 1993 in Caenorhabditis elegans (C. elegans), miRNAs are short. al. strands of RNA molecules that can regulate genes by binding to a messenger RNA (mRNA) with a complementary sequence (Lee et al., 1993). This binding results in a post-. M. transcriptional downregulation of a miRNA’s target gene, as the mRNA can no longer be. of. translated into a protein. Theoretically, a single miRNA can target multiple target genes, and multiple miRNAs can target the same gene. Elucidating this network of regulation is. ty. a convoluted process requiring extensive in silico and in vitro validation. In addition to. si. the cellular level function of miRNAs, they are also known to be secreted into the. ve r. extracellular surroundings through exosomal packaging to be taken up by neighbouring cells. Not only does this turn miRNAs into autocrine and/or paracrine signalling. ni. regulators but also makes them ideal candidates as biomarkers through a fluid biopsy for. U. cancer prognosis. Biogenesis of mature miRNA. The generation of a functional miRNA begins in the nucleus, where miRNAs are found encoded in both intergenic and intronic region (Perron, 2008; O'Brien et al., 2018). Transcription of miRNA is carried out by RNA polymerase II/III, which creates a stable pri-miRNA with a large stem loop and overhangs on both 5’ and 3’ ends. While still in the nucleus, the pri-miRNA is next processed by the microprocessor complex, made up. 19. 

(42) of DGCR8, an RNA binding protein, and Drosha, a type III ribonuclease (Han et al., 2004). The former works to identify and recognize the junction where the overhang meets the stem in the pri-miRNA, and then recruits and directs the latter to cleave the overhangs in a specific manner, producing pre-miRNA with a 3’ overhang that is 2 nucleotide (nt) long. The next step is handled by the transporter complex Exportin5/RanGTP, which identifies pre-miRNA based on its structure and exports it into the cytoplasm for further. a. processing.. ay. Here onwards, the pre-miRNA is processed by a complex made of endoribonucleases. al. Dicer and argonaute-2 (Ago2), and RISC-loading complex subunit TARBP2 into a miRNA duplex through the removal of the stem loop (Cifuentes et al., 2010; Macfarlane. M. & Murphy, 2010). The miRNA duplex pairing may or may not be perfect, and each strand. of. in the duplex represents the original 5’ arm (5p) and 3’ arm (3p) of the pre-miRNA. One of the strands will become the mature miRNA, while the other, designated as the. ty. passenger strand or miRNA*, will be unwound from the duplex and degraded. Although. si. the eventual fate of each of the strands in the duplex is predominantly determined by. ve r. intrinsic factors, such as binding affinity and nucleotide bias, various external factors have also been suggested to be involved, such as the type of cell and the developmental stages. U. ni. the cell is in (Meijer et al., 2014). Target mRNA downregulation by miRNA. A miRNA downregulates a target gene by RNA interference, identical to that of small-. interfering RNA (siRNA) in mammals (Filipowicz et al., 2005). Upon processing and maturation, the miRNA is loaded into Ago2 to form the miRNA-induced silencing complex (miRISC), also composed of Dicer, TARBP2 and interferon-inducible doublestranded RNA-dependent protein kinase activator A (PACT). Within the RISC assembly, the miRNA acts as a guide strand to direct the activated assembly to a target mRNA.. 20. 

(43) The interaction between the miRNA and target mRNA is mediated by the complementary base pairing between the seed sequence of the miRNA, which spans the length of 6 nt from the second base (position 2 to 7), and the miRNA response element (MRE) located in the 3’ UTR of the target mRNA. The complementary pairing can be categorised by specific nomenclatures to describe the length and complementarity of the MRE (Grimson et al., 2007). The first is the 8mer, which denotes a complementary match with position 2 to 8 in the miRNA (seed and position 8) followed by an adenosine base.. ay. a. Next are the 7mers, which can be either 7mer-m8, denoting match with position 2-8 in the miRNA (seed and position 8), or 7mer-A1, denoting match with position 2 to 7. al. followed by an adenosine base. Finally, the 6mer denotes a complementary match with. M. position 2 to 7. The length of complementary bases between the 3’ UTR of target mRNA and the seed, however, does not seem to affect the stability or strength of downregulation,. ty. al., 2015; Mullany et al., 2016).. of. presumably due to the additional role played by Ago2 in stabilizing the interaction (Jo et. si. After the base pairing between the miRNA and the target mRNA, the miRISC recruits. ve r. more proteins which ultimately results in target mRNA repression and degradation (Jonas & Izaurralde, 2015). These proteins are the scaffolding protein GW182 and poly(A). ni. deadenylation complex PAN2-PAN3 and CCR4-NOT, which results in target mRNA. U. deadenylation. Decapping of the target mRNA also takes place, carried out by the mRNAdecapping enzymes to prepare the mRNA for 5’ to 3’ degradation by the exoribonuclease Xrn1. Overall, the binding of the miRNA to its target gene results in the target gene downregulation. Regulation of miRNA’s expression and function Differential miRNA expression has been noted among different cell types and during certain diseases such as cancer. In-depth studies into how miRNA expression is. 21. 

(44) manipulated has revealed regulation at various stages of miRNA development, such as at the DNA or post-transcriptional levels. There are several DNA-level alterations that can affect the expression of a miRNA. For instance, epigenetic changes such as hypermethylation or histone modification can reduce the general expression of the miRNA, while single-nucleotide polymorphism can cause changes in the secondary structure of pri-miRNA to interfere with its processing or reduce the miRNA’s. a. complementarity with its target mRNA (Auyeung et al., 2013).. ay. On the other hand, post-transcriptional regulation can also exert effects on a miRNA’s. al. expression level, chiefly through the destabilization of the miRNA, preventing it from effectively interacting with miRNA-processing proteins in order to mature and carry out. M. its function (Ha & Kim, 2014). For example, editing of the pri-miRNA by adenosine. of. deaminases and methylation of pre-miRNA by the methyltransferase BCDIN3D impedes. ty. miRNA interaction with Drosha and Dicer respectively. Additionally, regulation of miRNA function can also occur when the target mRNA’s. si. 3’UTR region is changed due to alternative polyadenylation or alternative splicing.. ve r. Alternative polyadenylation, which results in variable mRNA transcript length, has been demonstrated to be the reason for tissue-specific role of miRNA, as cells were shown to. ni. switch the expression of target mRNA to contain shorter 3’ UTR isoforms as a way to. U. evade miRNAs in different cell types (Nam et al., 2014). For example, a study in C. elegans found that RACK1 and TCTP, proteins involved in calcium signalling, showed increased expression in body muscle tissues by switching to shorter 3’ UTR isoforms to prevent downregulation by miRNAs (Blazie et al., 2017). miRNA regulating anoikis in breast cancer The dysregulation of miRNA expression is widely reported in various cancer types including breast cancer (Iorio & Croce, 2012). This has allowed identification of miRNAs 22. 

(45) playing the role of oncogenes, termed oncomiRs, and miRNAs that play the opposite role, termed tumour suppressor miRNAs. Further studies into these miRNAs have also highlighted important players involved in cancer phenotypes such as anoikis. Several of these miRNAs have been shown to explicitly regulate anoikis in cancer (Malagobadan & Nagoor, 2015). From the analysis of such miRNAs, it was possible to identify key proteins and signalling pathways that are frequently targeted and. a. downregulated (Figure 2.2). Among these, some miRNAs have been demonstrated to. ay. regulate anoikis in breast cancer. Examples of such miRNAs are the miR-200 family and. U. ni. ve r. si. ty. of. M. al. miR-181a.. Figure 2.2: Example of the signalling networks regulated by miRNA involved in anoikis in various cancer types (adapted from Malagobadan & Nagoor, 2015). 23. 

(46) miR-200 family The miR-200 family is made of four miRNAs whose nearly identical sequences have resulted in similar functions in various cancer types. These miRNAs, which are miR200a, miR-200b, miR-200c, miR141 and miR-429, have been repeatedly shown to have tumour suppressive characteristics when overexpressed in cancer cells, namely through MET. Separate studies exploring the individual members of the miR-200 family in breast cancer have identified various target proteins of these miRNAs which enable the miRNAs. ay. a. to increase anoikis sensitivity. For example, transcriptional coactivator YAP1 is targeted by miR-200a, isomerase Pin1 is targeted by miR-200b and transcriptional inhibitors. al. ZEB1 and ZEB2 are targeted by miR-200c (Howe et al., 2011; Yu et al., 2013; Zhang et. M. al., 2013). As these targets are intimately linked to EMT, the overall actions of these members of the miR-200 family culminate in the restoration of E-cadherin expression,. miR-181a. ty. of. which enables MET while promoting anoikis (Jabbari et al., 2014).. si. miR-181a is one of the most frequently studied miRNAs in cancer and is known to. ve r. play significant roles in various cellular processes, such as cell proliferation, apoptosis and senescence. As such, regulation of anoikis in breast cancer by miR-181a has been. ni. well explored, revealing the paradoxical role of being oncogenic and tumour suppressive. U. depending on the cell line (Yang et al., 2017). For example, miR-181a was found to be tumour suppressive and promote anoikis in MCF-7, a luminal A type breast cancer cell line (Wei et al., 2016). Interestingly, although its direct target was not validated, miR181a was shown to suppress autophagy to promote anoikis in MCF-7 through the downregulation of autophagy regulator ATG5. On the other hand, miR-181a was also shown to be oncogenic by inhibiting anoikis through the targeting of the pro-apoptotic protein Bim in several breast cancer cell lines. 24. 
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