
 
Srivastava A. Ph.D. Thesis 2017 

Role of Poly (ADP-ribose) Polymerases in Pancreatic Islet differentiation from Stem/Progenitors 
   

Contents 

 Chapter 1: Introduction and Review of Literature 
1.1. Diabetes Mellitus ..................................................................................................................... 1 

1.2. Types of Diabetes Mellitus ...................................................................................................... 2 

1.3. Prevention of Diabetes Mellitus .............................................................................................. 4 

1.4. Treatment of Diabetes Mellitus ............................................................................................... 4 

1.4.1. Whole-pancreas transplantation .......................................................................................... 6 

1.4.2. Islet transplantation ............................................................................................................. 6 

1.4.3. Limitations of Islet transplantation ...................................................................................... 7 

1.5. Pancreas ................................................................................................................................... 8 

1.6. Pancreatic development and Islet differentiation ................................................................... 9 

1.7. Regulators for Pancreatic development and islet differentiation ......................................... 10 

1.7.1. FOXA2 (HNF3beta) .............................................................................................................. 10 

1.7.2. REG ..................................................................................................................................... 10 

1.7.3. PDX1 ................................................................................................................................... 11 

1.7.4. NEUROG3 ............................................................................................................................ 11 

1.7.5. BETA2/NEUROD .................................................................................................................. 11 

1.7.6. Nkx6.1/Nkx2.2 .................................................................................................................... 12 

1.7.7. PAX4 .................................................................................................................................... 13 

1.7.8. ARX ..................................................................................................................................... 13 

1.7.9. MAFA/MAFB ....................................................................................................................... 13 

1.8. Models of Pancreatic Regeneration ...................................................................................... 13 

1.8.1. Partial Pancreatectomy ...................................................................................................... 13 

1.8.2. Duct Ligation ....................................................................................................................... 14 

1.8.3. Cellophane Wrapping ......................................................................................................... 14 

1.8.4. Streptozotocin Treatment .................................................................................................. 14 

1.9. Origin of Islets within the pancreas? ..................................................................................... 15 

1.9.1. Pancreatic progenitors of acinar origin .............................................................................. 16 

1.9.2. Pancreatic progenitors of ductal origin .............................................................................. 17 

1.9.3. Do Islets have their own pool of progenitors/Resident stem cells? .................................. 18 

1.9.4. Involvement of other endocrine cell types to β-cell regeneration .................................... 18 

1.10. Other Stem cell sources to produce insulin producing cells................................................ 19 

1.11. Extrinsic factors used in generating insulin producing cells ................................................ 20 



 
Srivastava A. Ph.D. Thesis 2017 

Role of Poly (ADP-ribose) Polymerases in Pancreatic Islet differentiation from Stem/Progenitors 
   

1.11.1. Glucagon-Like Peptide-1:.................................................................................................. 20 

1.11.2. Exendin 4: ......................................................................................................................... 20 

1.11.3. Fibroblast and Epidermal Growth factors: ....................................................................... 21 

1.11.4. Activin A: ........................................................................................................................... 21 

1.11.5. Hepatocyte Growth Factor (HGF): .................................................................................... 22 

1.11.6. Gastrin: ............................................................................................................................. 22 

1.11.7. Nicotinamide: ................................................................................................................... 22 

1.12. Essential Signaling pathways during pancreatic development and islet neogenesis include 
Transforming growth factor (TGF-β) signaling: ............................................................................ 23 

1.13. Enicostemma littorale a new target for islet neogenesis .................................................... 31 

1.14. PARP ..................................................................................................................................... 32 

1.15. PARP-1 structure and enzyme activity................................................................................. 33 

1.16. PAR and PARP-1 activation and regulation .......................................................................... 34 

1.17. PARP-1 in gene regulation ................................................................................................... 36 

1.17.1. PARP-1 in chromatin modulation ..................................................................................... 37 

1.17.2. PARP-1 as coregulator of transcription factors ................................................................ 38 

1.17.3. DNA methylation and insulator function of PARP-1......................................................... 39 

1.18. PARP-1 in Stem cells and Differentiation............................................................................. 39 

1.19. PARP-1 in Diabetes .............................................................................................................. 42 

1.19.1. Learning from PARP-1 knockout mice model with respect to Diabetes .......................... 42 

1.19.2. The Okamoto model of pancreatic islet regeneration, insulin signaling and beta cell death:     
 ...................................................................................................................................................... 44 

1.19.2.1. PARP-1 in islet regenration and Reg gene ..................................................................... 44 

1.19.2.2. Insulin promoter activity, MAFA expression and PARP inhibition ................................ 45 

1.19.2.3. cADPR and CD38 signaling in insulin release ................................................................. 46 

1.19.2.4. PARP-1 in beta cell death .............................................................................................. 47 

1.20. PARP-1 in Diabetic Complications ....................................................................................... 48 

1.20.1. PARP-1 in diabetic endothelial dysfunction ..................................................................... 48 

1.20.2. PARP-1 in diabetic retinopathy ........................................................................................ 49 

1.20.3. PARP in diabetic nephropathy .......................................................................................... 50 

1.20.4. PARP in diabetic Neuropathy ........................................................................................... 50 

1.20.5. PARP in diabetic Cardiomyopathy .................................................................................... 51 

Chapter 2: Aims and Objectives 

2. Aims and Objectives ........................................................................................................ 52 



 
Srivastava A. Ph.D. Thesis 2017 

Role of Poly (ADP-ribose) Polymerases in Pancreatic Islet differentiation from Stem/Progenitors 
   

Chapter 3: Isolation, Purification & Characterization of PREPs and 
Harnessing its Stemness to Generate Functional Insulin Producing Islets 

3.1. Introduction ........................................................................................................................... 54 

3.2. Material and methods ........................................................................................................... 56 

3.2.1 Experimental design: ........................................................................................................... 56 

3.2.2 Chemicals and Plastic ware: ................................................................................................ 56 

3.2.3 Islet isolation and Culturing: ................................................................................................ 56 

3.2.4 Isolation and establishment of mouse pancreatic resident endocrine progenitors: .........  58 

3.2.5 Immunocytochemistry: ....................................................................................................... 58 

3.2.6 Flow cytometry .................................................................................................................... 59 

3.2.6.1 Surface marker staining: ............................................................................................... 59 

3.2.6.2 Intracellular marker staining: ....................................................................................... 59 

3.2.7 Trilineage Differentiation: ................................................................................................... 60 

3.2.8 Islet Differentiation: ............................................................................................................ 60 

3.2.9 Protein extraction and Western blotting: ........................................................................... 61 

3.2.10 RNA extraction, First Stand c-DNA synthesis and Real time PCR (qRT-PCR): .................... 62 

3.2.11 C-Peptide ELISA: ................................................................................................................ 62 

3.2.12 Statistical Analysis: ............................................................................................................ 63 

3.3. Results: ................................................................................................................................... 63 

3.3.1 Isolation of Islets from mouse (BALB/c) Pancreas and Purification of Pancreatic resident endocrine 
progenitors (PREPs): ..................................................................................................................... 63 

3.3.2 Characterization of PREPs for their adult stem cell nature: ................................................ 63 

3.3.3 Trilineage Differentiation of Mouse PREPs: ........................................................................ 64 

3.3.3.i Differentiation into Adipocyte Differentiation: ............................................................. 64 

3.3.3.ii Osteocyte Differentiation: ............................................................................................ 65 

3.3.3.iii Chondrocyte Differentiation: ....................................................................................... 68 

3.3.4.1 Differentiation of PREPs into islet like cell clusters in DMEM Ham’s F-12 (1:1 8 mM Glucose):
 .................................................................................................................................................. 68 

3.3.4.2 Differentiation of PREPs into islet like cell clusters in DMEM KO (25 mM Glucose): ... 70 

3.3.5 Functional Characterisation of differentiated islet clusters: ............................................... 72 

3.3.6 Time dependent gene and protein profiling of Islet Clusters differentiated from PREPs: .. 72 

3.4. Discussion .............................................................................................................................. 78 



 
Srivastava A. Ph.D. Thesis 2017 

Role of Poly (ADP-ribose) Polymerases in Pancreatic Islet differentiation from Stem/Progenitors 
   

Chapter 4: Regulatory role of PARP-1 in Islet Differentiation from 
pancreatic progenitors 

4.1. Introduction ................................................................................................................. 83 

4.2. Material and methods ........................................................................................................... 87 

4.2.1. Experimental Design: .......................................................................................................... 87 

4.2.2. RNAi vectors and Plasmids: ................................................................................................ 88 

4.2.3. Cell culture maintenance:................................................................................................... 88 

4.2.4. Transfection to generate PARP-1 stable knockdown clones, siRNA generated transient clone in 
PREPs and recovery using recovery vector: ................................................................................. 88 

4.2.5. Clonogenic Assay: ............................................................................................................... 89 

4.2.6. Cell count and growth kinetics: .......................................................................................... 89 

4.2.7. Immunophenotyping: ......................................................................................................... 90 

4.2.8. Trilineage Differentiation: .................................................................................................. 90 

4.2.9. Islet Differentiation ............................................................................................................ 90 

4.2.10. Protein extraction and Western blotting ......................................................................... 90 

4.2.11. Immunocytochemistry staining: ....................................................................................... 90 

4.2.12. Gene expression study: .................................................................................................... 90 

4.2.15. C-peptide release assay: ................................................................................................... 91 

4.2.14. Selecting ABT-888 dose and MTT assay: .......................................................................... 91 

4.2.15. Effect of SIS3 on PREPs during islet differentiation: ......................................................... 91 

4.2.16. Fractionation of Extra nuclear and Nuclear fraction during islet differentiation: ............ 92 

4.2.17. Co-Immunoprecipitation with PARP-1 antibody during islet differentiation: .................. 92 

4.2.18. Chromatin Immunoprecipitation during Islet differentiation from PREPs:...................... 93 

4.3. Results .................................................................................................................................... 93 

4.3.1. Silencing of PARP-1 gene in PREPs using RNA Interference technology: ........................... 93 

4.3.2. Characterization of PREP clone 4 (PARP-1 KD): .................................................................. 95 

4.3.2.1. Comparative study of PARP-1 normal & KD PREPs to assess morphological changes and 
alteration to their proliferative potential: ................................................................................ 96 

4.3.2.2. Comparative study of PARP-1 normal & KD to assess deviations in their stemness and 
pancreatic endocrine markers: ................................................................................................. 97 

4.3.2.3. Comparative study of PARP-1 normal & KD to assess their trilineage differentiation potential:
 ................................................................................................................................................ 101 

4.3.4. Standardizing the ABT888 dose for effective inhibition of PARylation while sustaining viability of 
PREPs: ......................................................................................................................................... 101 

4.3.5. Differentiation of PARP-1normal & PARP-1KD PREPs into islet cell clusters: .................. 102 



 
Srivastava A. Ph.D. Thesis 2017 

Role of Poly (ADP-ribose) Polymerases in Pancreatic Islet differentiation from Stem/Progenitors 
   

4.3.5.1. Time dependent microscopic profiling was performed to observe morphological changes 
during Islet differentiation process: ....................................................................................... 102 

4.3.5.2. Functional assessment of islet cell clusters across the groups by Immunocytochemistry and C-
peptide release assay by ELISA: .............................................................................................. 102 

 ................................................................................................................................................ 104 

4.3.6. Comparative temporal protein profile of PARP-1 normal and stable PARP-1 knock down PREPs 
clone 4: ....................................................................................................................................... 105 

4.3.7. Confirming the PARP-1 KD phenotype and the above results in islet differentiation from PREPs by 
using siRNA: ................................................................................................................................ 106 

4.3.8. PARP-1 recovery inducing regain of islet differentiation potential of PREPs by reintroducing PARP-
1 in knockdown PREPs using recovery vector to confirm the role of PARP-1 in islet differentiation:     
 .................................................................................................................................................... 108 

4.3.9. Confirming the above hypothesis in PANC-1 cells, which serves as a human pancreatic progenitor 
model system: ............................................................................................................................ 108 

4.3.10. Phosphorylation of Smad3 is essential for islet differentiation: .................................... 112 

4.3.11. Nuclear localization of activated SMADs during islet differentiation: ........................... 112 

4.3.12. Interaction of PARP-1 with SMADs: ................................................................................ 115 

4.3.13. Chromatin Immunoprecipitation of PARP-1during islet differentiation to confirm its gene 
regulatory function: .................................................................................................................... 116 

4.4. Discussion ............................................................................................................................ 118 

Chapter 5: In vivo assessment of role of PARP-1 in pancreatic regeneration 
in mice 

5.1. Introduction: ........................................................................................................................ 127 

5.2. Materials and methods: ....................................................................................................... 129 

5.2.1. Animal Selection, Induction of Diabetes and Experimental designs: ............................... 129 

5.2.2. Chemicals: ......................................................................................................................... 131 

5.2.2 Transfection and GFP labeling: .......................................................................................... 131 

5.2.3 Flow cytometry for Surface markers from pancreas and liver tissues: ............................. 132 

5.2.4. Flow cytometry for Intracellular markers: ........................................................................ 132 

5.2.5. Protein extraction and Western blotting: ........................................................................ 132 

5.2.6. Insulin ELISA: ..................................................................................................................... 133 

5.2.7. Cryosectioning and Immunohistochemistry: ................................................................... 133 

5.2.8. H&E staining: .................................................................................................................... 133 

5.2.9. Statistical Analysis: ........................................................................................................... 134 

5.3. Results: ................................................................................................................................. 134 



 
Srivastava A. Ph.D. Thesis 2017 

Role of Poly (ADP-ribose) Polymerases in Pancreatic Islet differentiation from Stem/Progenitors 
   

5.3.1. Validation of STZ induced diabetic mice model: .............................................................. 134 

5.3.2 Co-Transfecting PREPs with PARP-1 Knockdown shRNA vector (pSIP912), control vector and GFP 
positive vector (pEGFPN1) and its vector control: ..................................................................... 134 

5.3.3 Mapping the Homing potential of Transplanted GFP positive PARP-1 positive and knockdown 
PREPs in the pancreas of STZ treated Type 1 Diabetic mice: ..................................................... 135 

5.3.4. Fasting Blood Glucose and Insulin to evaluate the diabetic condition before and after  
transplantation: .......................................................................................................................... 139 

5.3.5. Flow Cytometric analysis to determine differentiation and functionality of transplanted PREPs in 
vivo: ............................................................................................................................................ 139 

5.3.6. Immunohistochemistry to confirm in vivo differentiation of transplanted PREPs by observing co-
localization of GFP with c-peptide within pancreatic tissue: ..................................................... 142 

5.3.7. Protein expression levels of signaling molecules and transcription factors of the islet neogenesis 
pathway ...................................................................................................................................... 145 

5.3.8. Immunohistochemistry to confirm in vivo differentiation of transplanted PREPs into β cells  by 
observing  co-localization of GFP with Nkx6.1 within pancreatic tissue .................................... 146 

5.3.9. In vivo assessment of Swertisin induced amelioration in STZ treated diabetic BALB/c mice:  
………………………………………………………………………………………………………………………………………………148 

5.4. Discussion ............................................................................................................................ 151 

6. Summary & Conclusion ................................................................................................. 159 

7. References .................................................................................................................... 164 

Appendix I ............................................................................................................................. I 

Appendix II .......................................................................................................................... III 

Appendix III ......................................................................................................................... IV 

List of Figures...................................................................................................................... VII 

List of Tables ........................................................................................................................ XI 

  

 

 


