Abstract/Synopsis

Apoptosis is a highly regulated form of cell death in which unwanted, damaged or infected cells are eliminated. It plays an important role in development and maintenance of tissue homeostasis. Dysregulation of apoptosis contributes to various kinds of diseases. Excessive apoptosis occurs in neurodegenerative disorders such as Alzheimers, Parkinsons, autoimmune disorders, heart disease, and infectious diseases including AIDS. miRNAs are newly discovered small RNA molecules of about 19-22 nucleotides in length which are estimated to regulate up to 30% of the mammalian gene expression. Interestingly, till the early nineties very little was known about them but eventually, the microRNAs have become forefront in the area of research. Numerous miRNAs have been revealed to have an influence on the regulation of apoptotic cell signaling. The huge number of microRNAs plus each one of them targeting a vast number of related as well as unrelated genes makes them very interesting molecules to study. To add to the mystery of miRNAs is the fact that the same miRNA can have antagonizing role in two different cell types i.e. in one cell type; the miRNA promotes proliferation whereas in another cell type the same miRNA inhibits proliferation. Another remarkable aspect of the microRNAs is that many of them exist in clusters. In humans alone, out of 1424 microRNAs known, 377 of them occur in 120 clusters at an inter-miRNA distance of less than 5000bp. The reason for this clustering of miRNAs is not fully understood but since the miRNA clusters are evolutionary conserved, their significance cannot be ruled out. 

In the present thesis work, we show that the over expression of miR-23a~27a~24-2 cluster in HEK293T cells induces apoptosis by caspase-dependent as well as caspase-independent pathway as proved by the annexin assay, caspase activation, release of cytochrome-c and AIF (apoptosis inducing factor) from mitochondria. Furthermore, the over expressed cluster modulates the expression of a number of genes involved in apoptosis including FADD (Fas Associated protein with Death Domain). Bioinformatically, FADD is predicted to be the target of hsa-miR-27a which was validated in HEK293T cells, as hsa-miR-27a negatively regulated the expression of FADD 3’UTR based reporter construct. Moreover, we also showed that over expression of miR-23a~27a~24-2 cluster sensitized HEK293T cells to TNF- cytotoxicity. To further elucidate the molecular mechanism(s) responsible for miR-23a~27a~24-2 cluster induced apoptosis, gene expression profiling was carried out after miR-23a~27a~24-2 cluster over expression in HEK293T cells. The microarray analysis gave 1025 differentially expressed genes and analysis of the gene expression data with Ingenuity Pathway Analysis (IPA) software revealed p53 signalling, oxidative stress response and mitochondrial dysfunction among the top processes being affected. In addition to the role of this cluster in apoptosis, components of ER stress-mediated apoptosis pathway i.e. C/EBP homologous protein (CHOP/ DDIT3/GADD153) and TRIB3, an Akt inhibitor were found to be significantly enriched. The fact that miR-23a~27a~24-2 cluster triggered endoplasmic reticulum stress (ER stress) was further established by the increase in cytosolic calcium levels after over expression of this cluster in HEK293T cells. These findings were also supported by PANTHER analysis wherein biological process categories of apoptosis and stress response were enriched. The detailed knowledge of this cluster induced apoptosis has now been elucidated but to pinpoint the precise targets and better understand the biological function of miRNAs of this cluster, it is imperative to study these miRNAs separately. Hence, we next performed bioinformatics analysis of the targets of miRNAs of miR-23a~27a~24-2 cluster obtained from TargeScan and genome wide gene expression profiling after the over expression of hsa-miR-23a/hsa-miR-27a/hsa-miR-24-2 in HEK293T cells. In both these analysis, Wnt signaling pathway was among the most enriched. Hence, this pathway has been selected for the validation purposes. 

The detailed knowledge of the independent and coordinate roles of the miRNAs of miR-23a~27a~24-2 cluster could make it a prospective therapeutic in diseases known to occur because of deregulation of apoptosis.

