
Elucidat ing the role of Androgen Receptor signaling   
and stemness in Benign Prostate Hyperplasia.  

TABLE OF CONTENTS 

Gaurav Chauhan, Ph.D. Thesis 2020    

 

TABLE OF CONTENTS 

Abstract .......................................................................................................................... 1 

1. Introduction and review of literature ....................................................................... 3 

1.1 Prostate gland ......................................................................................................... 3 

1.2 Physiological function of the prostate..................................................................... 5 

1.3 Prostate Gland Development .................................................................................. 5 

Role of Androgens in the prostate development .................................................... 6 

1.4 Epithelial-Stromal compartmentalization of Prostate: Cellular perspective ............ 9 

1.5 Prostate Endocrinology ........................................................................................ 10 

1.6 Prostatic disorders ................................................................................................ 12 

1.6.1 Prostatitis ....................................................................................................... 12 

1.6.2 Benign Prostate Hyperplasia (BPH) ............................................................... 13 

1.6.3 Prostate Cancer (PCa) .................................................................................... 14 

1.7 Epidemiology of BPH and PCa ............................................................................ 14 

1.8 Etiopathology of Prostatic diseases ...................................................................... 15 

1.8.1 Benign Prostate Hyperplasia .......................................................................... 15 

1.8.2 Prostate Cancer .............................................................................................. 16 

1.9 Risk Factors of prostate pathologies ..................................................................... 17 

1.9.1 Diet and Lifestyle ........................................................................................... 17 

1.9.2 Genetic Factors .............................................................................................. 17 

1.9.3 Hormones ....................................................................................................... 18 

1.9.4 Activation of Stem cells ................................................................................. 18 

1.10 AR-dependent therapeutics of BPH and PCa ...................................................... 18 

1.11 Endocrinology of BPH and PCa development .................................................... 19 

A. Gonadotropin-Releasing Hormone (GnRH) ....................................................... 20 

B. Luteinizing Hormone (LH) ................................................................................. 20 

C. Follicle Stimulating Hormone (FSH) .................................................................. 21 

D. Testosterone ....................................................................................................... 21 

1.12 Androgen Receptor ............................................................................................. 22 

1.12.1 Structure of AR ............................................................................................ 22 

1.12.2 AR Signaling ................................................................................................ 23 

1.12.3 AR Variants ................................................................................................. 25 

file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/8.%20Abstract.docx%23_Toc45371523
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371579
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371579
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371580
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371580
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371581
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371581
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371582
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371582
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371583
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371583
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371584
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371584
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371585
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371585
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371586
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371586
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371587
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371587
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371588
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371588
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371589
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371589
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371590
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371590
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371591
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371591
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371592
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371592
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371593
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371593
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371594
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371594
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371595
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371595
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371596
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371596
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371597
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371597
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371598
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371598
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371599
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371599
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371600
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371600
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371601
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371601
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371602
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371602
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371603
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371603
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371604
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371604
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371605
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371605
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371606
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371606
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371607
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371607
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371608
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371608


Elucidat ing the role of Androgen Receptor signaling   
and stemness in Benign Prostate Hyperplasia.  

TABLE OF CONTENTS 

Gaurav Chauhan, Ph.D. Thesis 2020    

 

1.12.4 AR Phosphorylation ..................................................................................... 26 

1.13 Distribution and role of AR in cellular compartments of the prostate ................. 28 

1.13.1 Epithelial compartment ................................................................................ 29 

A. Stem/Progenitor cell Population ..................................................................... 29 

B. Secretory Luminal cell population .................................................................. 32 

1.13.2 Stromal Compartment .................................................................................. 33 

1.13.3 Role of AR in stromal-epithelial crosstalk in disease condition .................... 34 

1.14 Transcriptional role of AR in prostate stem cells during BPH and PCa 

development. ..................................................................................................... 35 

1.15 References ............................................................................................................. 38 

2. Aims and Objectives ................................................................................................ 57 

2.1 Rationale of the study ........................................................................................... 57 

2.2 Specific objectives of the study ............................................................................ 59 

3. Materials and methods ............................................................................................ 60 

3.1 Benign prostate tumor sample collection .............................................................. 60 

3.2 Prostate Adenocarcinoma dataset analysis on cBioPortal tool  .............................. 62 

3.3 Cell culture conditions.......................................................................................... 62 

3.4 AR shRNA transduction ....................................................................................... 62 

3.5 Conditioned media preparation and stromal-epithelial indirect co-culture ............ 63 

3.6 Enzyme-linked immunosorbent assay ................................................................... 63 

3.7 High-pressure liquid chromatography ................................................................... 63 

3.8 Cell proliferation assay by MTT ........................................................................... 64 

3.9 Clonogenic assay .................................................................................................. 64 

3.10 Immunocytochemistry and Immunohistochemistry ............................................. 65 

3.11 Matrigel Tumour-sphere assay ........................................................................... 65 

3.12 Flow Cytometry/FACS ....................................................................................... 65 

3.13 Cell fractionation and euchromatin accessibility ................................................ 66 

3.14 Gene expression ................................................................................................. 67 

3.15 Immunoblotting .................................................................................................. 67 

3.16 Endogenous immunoprecipitation (IP) ............................................................... 68 

3.17 Chromatin immunoprecipitation (ChIP) ............................................................. 68 

3.18 Statistical analysis .............................................................................................. 69 

3.19 References .......................................................................................................... 70 

file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371609
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371609
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371610
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371610
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371611
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371611
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371612
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371612
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371613
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371613
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371614
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371614
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371615
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371615
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371616
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371616
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371617
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/8.%20CHAPTER%201%20Introduction%20and%20RoL%20merged%20SG%20%20mod%20new.docx%23_Toc45371617
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/10.%20CHAPTER%202%20Aims%20and%20Obejctives%20(1).docx%23_Toc45371963
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/10.%20CHAPTER%202%20Aims%20and%20Obejctives%20(1).docx%23_Toc45371964
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/10.%20CHAPTER%202%20Aims%20and%20Obejctives%20(1).docx%23_Toc45371965
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372059
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372060
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372061
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372062
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372063
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372064
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372065
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372066
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372067
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372068
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372069
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372070
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372071
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372072
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372073
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372074
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372075
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372076
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372077
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/12.%20CHAPTER%203%20Material%20Methods%20gaurav.docx%23_Toc45372078


Elucidat ing the role of Androgen Receptor signaling   
and stemness in Benign Prostate Hyperplasia.  

TABLE OF CONTENTS 

Gaurav Chauhan, Ph.D. Thesis 2020    

 

4. Association of Androgen Receptor and stemness in BPH and PCa patients  ........ 71 

4.1 Introduction .......................................................................................................... 71 

4.2 Plan of Work ........................................................................................................ 74 

4.3 Results .................................................................................................................. 75 

4.3.1 BPH patients exhibit the expression of AR, LGR4, and P63 in epithelial cells.

 ...................................................................................................................... 75 

4.3.2 Correlation of AR, AR-V7, and pARs213 with stem/progenitor markers. ...... 75 

4.3.3 BPH patients with higher AR expression exhibit increased AR-V7 and pAR213 

levels............................................................................................................. 79 

4.3.4  miRNA profile of ARhi and ARlo BPH patients ............................................. 80 

4.3.5 BPH patients with higher AR have a distinct gene expression profile.  ........... 81 

4.3.6 Patients with higher AR levels have increased cell proliferation and early BPH 

development .................................................................................................. 83 

4.3.7 PCa patients exhibit co-expression of AR-LGR4-β-CATENIN ...................... 84 

4.4 Discussion ............................................................................................................ 89 

4.5 Summary .............................................................................................................. 94 

4.6 References ............................................................................................................ 95 

5. To elucidate the role of Androgen Receptor in the maintenance of stemness in 

benign prostate hyperplasia derived epithelial stem cells  ................................... 104 

5.1 Introduction ........................................................................................................ 104 

5.2 Plan of work ....................................................................................................... 107 

5.3 Results ................................................................................................................ 108 

5.3.1 The BPH epithelial cells exhibit the expression of stem cells associated surface 

markers: CD49f (α6-Integrin), CD117, CD133 (Prominin-1), LGR4, and P63.

 .................................................................................................................... 108 

5.3.2 Activation of AR leads to an increase in LGR4+, CD133+ and P63+ cell 

population in BPH derived epithelial (stem/progenitor) cells. ..................... 109 

5.3.3 Testosterone and IGF-1 potentiates nuclear localization of AR and increases its 

active chromatin accessibility in BPH stem/progenitor cells. ...................... 111 

5.3.4 Activation of AR instigated a larger and higher number of tumorsphere 

formation in BPH stem/progenitor cells. ..................................................... 112 

file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372453
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372454
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372455
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372456
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372457
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372457
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372458
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372459
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372459
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372460
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372461
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372462
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372462
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372463
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372464
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372465
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/14.%20CHAPTER%204%20BPh%20Patient%2026June%20(Corrected).docx%23_Toc45372466


Elucidat ing the role of Androgen Receptor signaling   
and stemness in Benign Prostate Hyperplasia.  

TABLE OF CONTENTS 

Gaurav Chauhan, Ph.D. Thesis 2020    

 

5.3.5 A Ligand-dependent and independent activation of AR increases stem-

associated LGR4, β-CATENIN, ΔNP63α expression and nuclear localization.

 .................................................................................................................... 114 

5.3.6 Ligand-dependent and independent regulation of stem/progenitor proteins and 

miRNA profile ............................................................................................ 117 

5.3.7 AR protein expression influences β-CATENIN, AKT, and SMAD2/3 proteins in 

BPH stem/progenitor cells. ......................................................................... 121 

5.3.8 ARKD confirms the loss of LGR4 and ΔNP63α gene and protein articulation in 

BPH stem/progenitor cells. ......................................................................... 122 

5.3.9 Testosterone stimulation leads to the increased interaction of AR and β-

CATENIN in BPH stem/progenitor cells. .................................................... 124 

5.3.10 Chromatin immunoprecipitation reveals AR and β-CATENIN dependent 

regulation of LGR4 and ΔNP63 promoters.................................................. 125 

5.4 Discussion .......................................................................................................... 129 

5.5 Summary ............................................................................................................ 135 

5.6 References .......................................................................................................... 136 

6. To explore the role of Androgen Receptor-mediated epithelial-stromal crosstalk 

in the etiopathology of Benign Prostate Hyperplasia .......................................... 144 

6.1 Introduction ........................................................................................................ 144 

6.2 Plan of Work ...................................................................................................... 146 

6.3 Results ................................................................................................................ 147 

6.3.1 Effect of AR activation on BPH patient-derived stromal cells. ..................... 147 

6.3.2 Activation and inhibition of Stromal-AR affects the growth and clonogenicity 

of BPH epithelial cells. ............................................................................... 148 

6.3.3 Stromal-AR does not affect IGF-1 secretion in BPH patient-derived stromal 

cells. ........................................................................................................... 150 

6.3.4 Activation and inhibition of Stromal-AR alters its secretory profile to regulate 

epithelial cell fate ........................................................................................ 152 

6.3.5 Stromal-AR inhibition influences cell survival and clonogenicity via altering 

AR, Akt and cMYC expression. .................................................................. 152 

6.3.6 Secretory actions of Stromal-AR activation positively influence the 

basal/progenitor state of the BPH epithelial cells. ....................................... 154 

6.4 Discussion .......................................................................................................... 155 

file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372747
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372747
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372748
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372748
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372749
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372749
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372750
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372750
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372751
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372751
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372752
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372752
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372753
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372753
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372754
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372754
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372755
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372755
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372756
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372756
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372757
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372757


Elucidat ing the role of Androgen Receptor signaling   
and stemness in Benign Prostate Hyperplasia.  

TABLE OF CONTENTS 

Gaurav Chauhan, Ph.D. Thesis 2020    

 

6.5 Summary ............................................................................................................ 159 

6.6 References .......................................................................................................... 160 

7. Summary & conclusions ........................................................................................ 166 

7.1 Summary ............................................................................................................ 166 

7.2 Conclusions ........................................................................................................ 170 

7.3 Future directions................................................................................................. 170 

List of Figures .................................................................................................................. i 

List of Tables ................................................................................................................... x 

Annexures 

I. Primers for gene expression study ............................................................................ xi 

II. Primers for ChIP study ........................................................................................... xi 

III. Primers for miRNA study ..................................................................................... xii 

IV. Antibodies for protein expression study .............................................................. xiii 

V. AR shRNA Construct ........................................................................................... xiv 

VI. Patient informed consent ...................................................................................... xv 

Publications and Posters 

Publications .............................................................................................................. xvii 

Presented articles as posters ....................................................................................... xx 

Synopsis ...................................................................................................................... xxii 

 

file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372758
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372758
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372759
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/18.CHAPTER%206%20Stromal-Epi%20interaction%20(obj-3)%20Final2.docx%23_Toc45372759
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/20.%20CHAPTER%207%20Summary%20and%20Conclusion%20Final2.docx%23_Toc45372890
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/20.%20CHAPTER%207%20Summary%20and%20Conclusion%20Final2.docx%23_Toc45372891
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/20.%20CHAPTER%207%20Summary%20and%20Conclusion%20Final2.docx%23_Toc45372892
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/20.%20CHAPTER%207%20Summary%20and%20Conclusion%20Final2.docx%23_Toc45372893
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/22.%20CHAPTER%209%20List%20of%20Figs%20and%20Tables.docx%23_Toc45370882
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/22.%20CHAPTER%209%20List%20of%20Figs%20and%20Tables.docx%23_Toc45370882
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/22.%20CHAPTER%209%20List%20of%20Figs%20and%20Tables.docx%23_Toc45370883
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/22.%20CHAPTER%209%20List%20of%20Figs%20and%20Tables.docx%23_Toc45370883
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/24.%20CHAPTER%2010%20Annexures.docx%23_Toc45370989
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/24.%20CHAPTER%2010%20Annexures.docx%23_Toc45370990
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/24.%20CHAPTER%2010%20Annexures.docx%23_Toc45370991
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/24.%20CHAPTER%2010%20Annexures.docx%23_Toc45370992
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/24.%20CHAPTER%2010%20Annexures.docx%23_Toc45370993
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/24.%20CHAPTER%2010%20Annexures.docx%23_Toc45370994
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/26.%20Chapter%2011%20Publications%20and%20posters.docx%23_Toc45371267
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/26.%20Chapter%2011%20Publications%20and%20posters.docx%23_Toc45371267
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/26.%20Chapter%2011%20Publications%20and%20posters.docx%23_Toc45371268
file:///E:/LAB%20WORK/THESIS%20WRITE/Thesis%20Chapters/Madam%20Varified/26.%20Chapter%2011%20Publications%20and%20posters.docx%23_Toc45371268

