
 

LIST OF FIGURES 
 

 

INTRODUCTION 

Figure 1 : Elucidated role of transcription factors in cancer ..................................................................... 9 

 

Figure 2: Mechanism followed by adhesion markers in progression and metastasis of cancer .................. 9 

 

Figure 3: Mechanism followed by major apoptosis regulators in control of cancer................................. 11 

 

Figure 4: Role of signalling molecules in cancer (Image by Bio render) ................................................ 11 

 

Figure 5: Role of miRNA in cancer (Image by Bio render) .................................................................. 12 

 

CHAPTER 1 

Figure 1.1: Different Hallmarks of Cancer as stated by Hanahan and Weinberg, 2011(Image Rendered 

using Bio Render) ................................................................................................................................ 17 

Figure 1.2: Different Role of Kisspeptin-1 in cancers. (Image Rendered using BioRender) .................. 18 

 

Figure 1.3: Hypothesis for identifying molecular mechanism underlying with the role of Kisspeptin-1 

in various cancers .................................................................................................................................. 21 

Figure 1.4: Overall Methodology involved with Bioinformatics Analysis for the role of Kisspeptin-1 in 

varied cancers. ....................................................................................................................................... 22 

Figure 1.5: (a)The nucleotide sequence of KISS1 and its in silico translation. The putative signal peptide 

is underlined and conserved Kisspeptin-10 is represented in rectangular box. (b) Predicted signal 

peptide in the amino acid sequence of KISS1 protein ............................................................................ 26 

Figure 1.6: Secondary structure prediction using PSIPRED software indicating the helical regions, 

random coils, and motifs in the structure of KISS1 protein. (b) PROTTER visualization for signal 

peptide sequence, post translational modifications and variants ............................................................. 28 

Figure 1.7: Identification of different transcription factors using TFLink ............................................... 33 

 

Figure 1.8 (a-f): Protein-DNA docking analysis of KISS1-DNA structure with different transcriptional 

factors SP1, NMYC, CDX2, FLI1, GATA2, HDAC2 using HADDOCK server .................................... 35 

Figure 1.9: RMSD values of docked complex across different frames.................................................... 37 

 

Figure 1.10: Radius of Gyration of all the docked complexes. ................................................................ 37 

 

Figure 1.11: Hydrogen Bonds of all the docked complexes showing occupancy .................................... 38 



 

Figure 1.12: RMSF for all the docked complex across residues numbers. .............................................. 39 

Figure 1.13: PCA for C-alpha atoms for the following docked complexes in order: a) CDX2-KISS1, b) 

FLI1-KISS1, c) GATA2-KISS1, d) HDAC2-KISS1, e) NMYC-KISS1 and f) SP1-KISS1. ................... 42 

Figure 1.14: Free Energy Landscape for the following docked complexes in order: a) CDX2-KISS1, b) 

FLI1-KISS1, c) GATA2-KISS1, d) HDAC2-KISS1, e) NMYC-KISS1 and f) SP1-KISS1. ................... 45 

Figure 1.15 a): K-Means clustering for SP1-KISS1 complex ................................................................ 46 

Figure 1.15 b): K-Means clustering for NMYC-KISS1 complex ........................................................... 46 

Figure 1.15 c): K-Means clustering for NMYC-KISS1 complex ........................................................... 47 

Figure 1.15 d): K-Means clustering for FLI1-KISS1 complex ............................................................... 48 

Figure 1.15 e): K-Means clustering for FLI1-KISS1 complex ............................................................... 49 

Figure 1.15 f): K-Means clustering for FLI1-KISS1 complex ............................................................... 49 

Figure 1.16: Conclusion summarizing the computational framework and regulatory role of KISS1 in 

cancer ................................................................................................................................................... 54 

CHAPTER 2 

Figure 2.1: Molecular Subtypes of Breast Cancer .................................................................................. 57 

Figure 2.2: Some of the major markers involved with Triple Negative Breast Cancer ............................ 58 

Figure 2.3: Hypothesis on how Kisspeptin reprograms molecular pathway in Triple Negative Breast 

Cancer ................................................................................................................................................... 62 

Figure 2.4: Cell Cytotoxicity Assay for both the cell lines ..................................................................... 63 

Figure 2.5 a): Cell Migration Assay for both the cell lines ..................................................................... 64 

Figure 2.5 b): Cell Invasion Assay for both the cell lines ...................................................................... 65 

Figure 2.6 a): RNA Isolation, cDNA synthesis and qRT-PCR workflow ................................................ 66 

Figure 2.6 b): Representative amplification curve for SP1 for gene expression analysis ........................ 67 

Figure 2.7: Western Blot Experiment Workflow .................................................................................... 72 

Figure 2.8: Metabolomics Workflow ..................................................................................................... 76 

Figure 2.9: Transcriptomics Workflow .................................................................................................. 77 

Figure 2.10: Cell Cytotoxicity assay for MDA-MB-231 and MDA-MB-468 cells ................................. 80 



 

Figure 2.11 (a) Scratch Wound Assay for MDA-MB-231 cells .............................................................. 81 

Figure 2.11 (b) Scratch Wound Assay for MDA-MB-468 cell line ......................................................... 82 

Figure 2.11 (c) Cell Invasion Assay for MDA-MB-231 and MDA-MB-468 cells… ............................. 83 

Figure 2.12 (a) Relative Gene Expression of MDA-MB-231 and MDA-MB-468 for transcription factors 

. .............................................................................................................................................................. 85 

Figure 2.12 (b) Relative Gene Expression of MDA-MB-231 and MDA-MB-468 for KISS1 and KISS1R 

. .............................................................................................................................................................. 86 

Figure 2.12 (c) Relative Gene Expression of EMT and Adhesion Markers ............................................. 86 

Figure 2.12 (d) Relative Gene Expression of Apoptotic Markers ........................................................... 87 

Figure 2.12 (e) Relative Gene Expression of Signalling molecules ........................................................ 88 

Figure 2.13 (a) Survival analysis of Transcription Factors...................................................................... 90 

Figure 2.13 (b) Survival analysis of EMT markers and adhesion markers .............................................. 91 

Figure 2.13 (c) Survival analysis of Apoptotic markers ......................................................................... 91 

Figure 2.13 (d) Survival analysis of Signalling molecules...................................................................... 92 

Figure 2.14 a) Volcano plot depicting log₂ fold change versus –log₁₀(p-value) of metabolite abundance 

in IC₁₀ and IC₅₀ Kisspeptin-10-treated cells compared to control. Several significantly altered 

metabolites, including Gingerdiol/Norcapsaicin, Peptide-like metabolites, L-Norleucine, and Acyclovir, 

are annotated. ......................................................................................................................................... 93 

Figure 2.14 b) Bar plot of top enriched biological themes and pathways classified by metabolite 

function, including angiogenesis/anti-proliferative, neurotransmitter metabolism, 

apoptosis/cytotoxicity, and glutathione/redox metabolism, with the number of metabolites involved 

shown on the x-axis. ............................................................................................................................... 94 

Figure 2.14 c) Alluvial plot linking experimental conditions (Control, IC₁₀, IC₅₀) to affected pathways 

and specific metabolites, highlighting pathway shifts associated with Kisspeptin-10 treatment ............ 94 

Figure 2.14 d) Metabolite–pathway association network showing interactions between significantly 

altered metabolites and their corresponding metabolic pathways. Colored nodes represent either 

metabolites (green) or pathways (orange), providing a visual overview of metabolomic reprogramming 

upon Kisspeptin-10 exposure ................................................................................................................ 96 

Figure 2.15 a) Volcano plot of DEGs from GDS825 (MDA-MB-436 vs. HCC1954), showing the 

distribution of genes based on log₂ fold change and statistical significance (adjusted p-value). Green 



 

points indicate significantly differentially expressed genes. Venn diagram illustrating the overlap of 

DEGs between datasets GDS825 and GDS5099. A total of 234 DEGs were shared and used for 

downstream analyses .......................................................................................................................... 97 

Figure 2.15 b) Heatmap of shared DEGs depicting expression profiles across TNBC (MDA-MB-436) 

and non-TNBC (HCC1954) samples. Samples are grouped by condition, and gene expression is scaled 

and clustered. Red indicates upregulation, and blue indicates downregulation. .................................... 98 

Figure 2.15 c): Gene–Regulator Association Network constructed from shared DEGs across GDS825 

and GDS5099 datasets. Orange nodes represent regulatory factors (e.g., SP1, GATA2, ZEB1, HDAC2), 

and green nodes represent target genes. Edges denote regulatory interactions, highlighting 

transcriptional hubs in TNBC ............................................................................................................. 99 

Figure 2.16): miRNA expression Analysis of Control vs Kisspeptin-10 treated groups for both the cell 

lines ..................................................................................................................................................... 100 

Figure 2.17 a): Western Blot Analysis of Control vs Kisspeptin-10 treated groups for both the cell line 

for transcription factors. ....................................................................................................................... 102 

Figure 2.17 b): Western Blot Analysis of Control vs Kisspeptin-10 treated groups for both the cell line 

for signalling molecules ....................................................................................................................... 103 

Figure 2.18: Conclusion Image for the role of Kisspeptin-10 in Triple Negative Breast Cancer    107 

CHAPTER 3 

Figure 3.1: Molecular mechanism regulating migration, invasion, and proliferation in 

Glioblastoma ....................................................................................................................................... 110 

Figure 3.2: Mechanism underlying with invasion in Glioblastoma .......................................................111 

Figure 3.3: Valid mRNA targets of the candidate miRNAs associated with Glioblastoma .................... 112 

Figure 3.4: Hypothesis illustrating the role of Kisspeptin-10 in Glioblastoma ...................................... 114 

Figure 3.5: Experimental Regime employed for U87MG cells ............................................................ 117 

Figure 3.6: (a) Volcano plot showcasing the log₂ fold-change distribution for GDS4473 and (b) 

showcasing the log₂ fold-change distribution for GDS3885................................................................. 119 

Figure 3.7: Venn Diagram showcasing shared DEGs between GDS3885 and GDS447 ....................... 120 

Figure 3.8: Expression patterns of input genes in Glioblastoma ........................................................... 121 

Figure 3.9: Hub Gene Identification for Glioblastoma......................................................................... 123 



 

Figure 3.10: Protein-Protein interaction via STRING for differentially expressed genes ..................... 124 

Figure 3.11: Gene Ontology enrichment analysis showcasing (a) Molecular Function, (b) Cellular 

process and (c) Cellular component ..................................................................................................... 125 

Figure 3.12: Gene Regulatory Network for differentially expressed genes .......................................... 129 

Figure 3.13: Cell Cytotoxicity assay for U87 MG cells. ...................................................................... 129 

Figure 3.14 a): Cell invasion assay for U87 MG cells (Scale bar indicates 100 µM) ............................. 130 

Figure 3.14 b): Cell invasion assay for U87 MG cells .......................................................................... 130 

Figure 3.15 : Gene Expression analysis of Transcription factors, Adhesion markers, Apoptosis markers 

and Signalling molecules for U87 MG cells. ....................................................................................... 136 

Figure 3.16: miRNA Expression analysis of miRNA 345, miRNA 200c-p and miRNA 577 for U87 MG 

cells. ................................................................................................................................................... 139 

Figure 3.17: Protein Expression analysis of ZEB1 and ECAD for U87 MG cells. ................................ 139 

Figure 3.18: Conclusion image depicting the overall role of exogenous Kisspeptin-10 treatment on 

U87MG cells and its associated markers. ............................................................................................ 144 

CHAPTER 4 

Figure 4.1: Ovarian Cancer Histology consisting of Serous cells, epithelial cells and interstitial 

space .................................................................................................................................................... 146 

Figure 4.2: Hypothesis on how Kisspeptin reprograms molecular pathway in Ovarian Cancer ............ 151 

Figure 4.3: Experimental regime followed for in vitro experiments for SKOV3 cells .......................... 152 

Figure 4.4: KISS1 Promoter Region using MoLo Tool ........................................................................ 153 

Figure 4.5: Sequence Motif Location for each motif in MoLoTool ...................................................... 155 

Figure 4.6: Cell Cytotoxicity Assay for SKOV3 cells........................................................................... 156 

Figure 4.7: Cell Migration Assay for SKOV3 cells. ............................................................................. 157 

Figure 4.8: Cell Invasion Assay for SKOV3 cells (Arrows indicates decreased invasion) .................... 158 

Figure 4.9: Gene expression analysis for SKOV3 cells. ...................................................................... 162 

Figure 4.10: miRNA expression analysis for SKOV3 cells ................................................................. 163 

Figure 4.11: Protein expression analysis for SKOV3 cells.................................................................... 164 

Figure 4.12: Conclusion Image for the role of Kisspeptin-10 in Ovarian Cancer ................................. 168 



 

Figure 6: Overall conclusion image depicting the multi-model role of Kisspeptin in Triple-Negative 

Breast Cancer, Glioblastoma and Ovarian Cancer ........................................................................ 171 



 

LIST OF TABLES 
 

 

CHAPTER 1 

Table 1.1: Physicochemical properties of KISS1 protein ....................................................................... 27 

 

Table 1.2: List of parameters with different methods for Subcellular Localization Parameters. ............. 30 

 

Table 1.3: Different transcription factors along with the modelled confidence scores, binding residues, 

and PROCHECK score. ......................................................................................................................... 33 

Table 1.4: Protein-DNA docking scores via HADDOCK energies ......................................................... 35 

 

CHAPTER 2 

 

Table 2.1 Composition of cDNA synthesis master mix (per reaction) .................................................... 66 

 

Table 2.2 Thermal Cycler Conditions for cDNA Synthesis .................................................................... 66 

 

Table 2.3: List of Primers designed for qRT-PCR .................................................................................. 68 

 

Table 2.4: Reaction Setup for qPCR (10 µL) ......................................................................................... 69 

 

Table 2.5: Thermal Cycler Profile .......................................................................................................... 70 

 

Table 2.6: Primer for additional miRNA expression .............................................................................. 70 

 

Table 2.7 (a): Bradford Assay Standard Curve Preparation.................................................................... 72 

 

Table 2.7 (b): Bradford Assay Results for Experimental Samples ......................................................... 72 

 

Table 2.8: Sample Volume Calculation for 40 µg Protein Loading ......................................................... 73 

 

Table 2.9: Preparation of Samples for SDS-PAGE .............................................................................. 73 

 

Table 2.10: Reagents used in Western Blot Experiment ......................................................................... 73 

 

Table 2.12: Gel Composition for SDS-PAGE ........................................................................................ 74 

 

Table 2.13: Target Antibodies with the catalogue number ...................................................................... 75 

 

Table 2.14: Nanodrop Calculations for RNA concentration .................................................................... 83 

 

Table 2.15: Relative Fold Change Values of Control vs Kisspeptin-Treatment in MDA-MB-231 and 

MDA-MB-468 cells............................................................................................................................... 88 



 

CHAPTER 3 

Table 3.1: Functional Role and Clinical Implication of differentially expressed genes and their 

expression in Glioblastoma ................................................................................................................. 121 

Table 3.2: Gene Ontology description along with P-values for differentially expressed genes for 

Glioblastoma ....................................................................................................................................... 125 

Table 3.3: NanoDrop spectrophotometric analysis of total RNA isolated from U87MG cells .............. 131 

Table 3.4: Consolidated Gene Expression profiles of Transcription factors, Adhesion markers, 

Apoptosis markers and Signalling molecules for U87 MG cells. .......................................................... 137 

CHAPTER 4 

Table 4.1: Consolidated Gene Expression profiles of Transcription factors, Adhesion markers, and 

Signalling molecules for SKOV3 cells… ........................................................................................ 162 


