Exploring and Potentiating Human Bone Marrow Derived Mesenchymal Stem Cells [nBMSCs]
and Differentiated Islets for Effective Diabetes Therapy

TABLE OF CONTENTS
TABLE OF CONTENTS

ADSITACT ettt bbbt neas 1

Chapter 1: Introduction & Review Literature
I [ T L8 T ([ o OSSP TR PR PRPRORPO 3
L1 1. PANCIEES. .. ettt e e b e 3
1.2.  Various cell types of endOCring NALUIE...........cceieririririsieeee e 4
1.2.0. 0 CRIIS e 4
1,22, BrCellS .ottt e 5
1.2.3. DEIA-CIIS ..ottt ne e 7
O o o O | PRSP 7
1.2.5. EPSHON CeIIS ...c.ovceeiiieceee ettt et re e ne e ne e 7
1.3.  Mouse Pancreatic deVElOPMENL..........ccoveiiiiiiieic e 8
1.3.1. Signaling pathways regulating early pancreas development ...........ccccccevcvevvereennenn. 8
1.3.2. The formation & differentiation of exocrine pancreatic cell type: Acinar .............. 8
1.3.3. Generation of ductal epithelium and bipotent cell formation................cccccevenen, 9
1.3.4. The formation of pancreatic endocrine progenitor CellS...........ccoovveveviieieiirecienenn, 9
1.3.5. Formation of pancreatic islets of Langerhans............cccccovevieiiiieiecce e 10
A. Pancreatic endocrine cells delamination............ccccooviiiiiiiiienc 10
B. Pancreatic endocrine cell migration, clustering, and assembly ..........c.cc.ccoovenennee. 10
1.4, Human pancreas deVEIOPMENT ...........coveiieiiiic e 12
1.5. Transcriptional control of islet development in the pancreas ..........cccccceevvvevvenenne. 14
1.5.1. Generation of Definitive ENAOUEIM........ccoivieiiee e 15
A. HNFs (Hepatocyte nuclear factors) family of transcription factors..............c....... 15
B, SOXO/SOXLT ..ottt sttt ettt ens 15
C. GATALIGATAB ...ttt ettt r et neene s 15
1.5.2. Formation of Pancreatic Progenitors ..........ccccoeiereieninienieiee e 16
D TR N o 15 G SRR 16
E. B.PTFLA/PAS ..ottt 16
1.5.3. Establishment of the Endocring Progenitors..........cccoueevveeiieiiecvie e 17
AL NGNS ettt ettt e b bt ne et 17

Mitul Vakani. Ph.D. Thesis 2020



Exploring and Potentiating Human Bone Marrow Derived Mesenchymal Stem Cells [nBMSCs]
and Differentiated Islets for Effective Diabetes Therapy

TABLE OF CONTENTS

1.5.4. Endocrine Lineages SPeCIfiCAtION..........c.ccveieiieiiriiisieeeeee e, 17
A. PAX/ARX TransCription FaCtOrS........c.cciueiieerieiieiieie e seese e se e sae e 17

B. NKX TransCription FACLOIS.........ccueiveiiiieiieiie e s sie e sre e sae e nneas 17
1.5.5. Maintenance of pancreatic B-Cell 1dentity...........c.ccoovoiiiiiiiie, 18
A. NEUROD/BETAZ ...ttt sttt et e ta e st e e et e anna e 18

B. MARF A ettt sttt et 18

1.6.  DiIabheteS MEIITUS......coiiiiiieec e 19
1.6.1. EPIAEMIOIOPY ...viviiiiiieiieiee et 19
1.6.2. DIHAGNOSIS. ...ttt ettt sttt b ekt b ettt bbbt 19
L7, TYPE L DIADELIES.....cvieee ettt ettt e e neenes 20
1.7.1. Idiopathic type 1 diabhetes ........cccveiiiieiecie e e 21
1.7.2. Fulminant type 1 diabetes ........ccooiiiiiiiiieicee e 21
I T O U 1= 3o ) I I OSSR 22
AL GBNELIC ..ttt bbbttt 22

B. ENVIFONMENTAL.......cciiiiiiiiiceee e 23

C. ChemicalS and DIUGS .......couiiiiiiiiiiisiiseee et 24
17,4, SYMPLOMS ..ottt ettt nb e 24
1.7.5. Type 1 DiabetesS Management ...........cccooierriieienenenieseseeeeee e 24
A. Diabetic diet and lifestyle modification.............cccocveviiieiiieii e, 24

B. INSUIIN (e 24

(1) REQUIAT TNSUTIN ... 25

(I1) ZINC and NPH INSUIINS .....c.viiiiiiiiiiciieeeee e 25

1.8.  Pancreatic transplantation .............cccocooieiiiie i 26
1.8.1. ArtifiCial PANCIEAS .......ccviiii ettt 27
1.8.2. Islet transplantation ...........ccoooiiiiiiiiiie s 27
1.8.3. ISIet €NCAPSUIALION.......iiviiieeeic e 28
1.9, Regenerative MEAICINE .........ccvviiiiiiie ittt 28
1.9.1. Reprogramming of pancreatic $-cells and islet Ne0geNnesIS. ..........ccvvrvrviveeennen, 28
1.9.2. Stem Cell-Based Therapies. ..ottt 29
A. Human embryonic Stem CelIS..........ouiiiiiiiie e 30

B. Induced pluripotent Stem CellS .........ccviiiiiiiiii 31
1.10.  Human Bone Marrow Mesenchymal Stem Cells (hnBMSCS) .........ccccoocvivvivenenne. 32

Mitul Vakani. Ph.D. Thesis 2020



Exploring and Potentiating Human Bone Marrow Derived Mesenchymal Stem Cells [nBMSCs]
and Differentiated Islets for Effective Diabetes Therapy

TABLE OF CONTENTS
1.11.  MICrORNAS (MICTORNAS) ....cceiiieieiieieeie ettt eeenes 33
1.11.1. Biogenesis Of MICTORNAS..........cov e 33
1.11.2. Role of MICroORNA in the PaNCreas .........cccceveevieiieiieese e 35
1.11.3. MicroRNA manipulation Strategy:........cccooeririririiieieese e 37
A, MICTORNA OVEIEXPIESSION. ... .cvitiitiiiietieitetet ettt sttt sb et 38
B. MICTORNA KNOCKUOWN .....ccviiiiiiiiiiie ittt 38
1.12.  chemical agents promoting pancreatic islet differentiation ..............ccccoeevvervenenne. 38
1.12.1. Activin A and Betacellulin............coooiiiiiiice e 39
1.12.2. EXENAIN-Z ...t nnes 40
1.12.3. FGF, EGF, KGF, and HFG .......ccooiiiiieicecceeee e 41
1.12.4. RetiN0IC aCIA (RA) ..ot 42
1.12.5. SOIUM BULYTATE. ...ttt 43
1.12.6. N TTolo] £ [T g g1 o TSR RSPOSRRSSR 43
1.13.  Antidiabetic activity of isolated compounds from Enicostemma littorale: ........... 43
1.13.1. Swertisin as pancreatic islet neogenic agent: ...........cccccovvvevv i eve e, 44
1.14.  Islet differentiation from various sources of adult mesenchymal stem cells.......... 46
Chapter 2 : Aims and Objectives
2. AIM AN ODJECTIVES. ... .eiivieie ettt ae e te e e st e et e abesae e reenreeneenneens 55
2.1, SPECITIC ODJECTIVES. ......eiueeiiiiieiete ettt 56

Chapter 3: Systematic evaluation of combinatorial activity of bio-active

molecules for islet neogenesis of hBMSCs into functional islets.

K TR 1011 70T [FTox {To] o ISR 58
3.2, EXperimental deSIgN........ccciuiiiiiiie i 62
3.3, Material and MEtNOU..........cccveiiiieiiee e 63
TR 0 B V- (= T USRS 63
3132, IMIBENOUS ...t e e e 63
A. lsolation and characterization 0f R BMSCS ..........cccoiiiiiiiiie e 63

B. Cell count and growth CUIVE ...........cooiiiiiiiiieie e 64

C. Flow cytometric analysis of surface marker and intracellular marker staining.....64

L. SUITACE MATKET ...ttt nne s 64

. INEraCellULAr MAIKET ... ..o 65

Mitul Vakani. Ph.D. Thesis 2020



Exploring and Potentiating Human Bone Marrow Derived Mesenchymal Stem Cells [nBMSCs]
and Differentiated Islets for Effective Diabetes Therapy

TABLE OF CONTENTS
D.  IMMUNOCYLOCNEMISIIY ...t 65
E. WesStern BIot @nalySiS ........coeiveiiiiiiieie et 66
F.  Gene eXpreSSiON STUAY .......c.civeiieieiiesieeie e ste e see e ee e ste e e steeneesraesre e nnes 66
G. Differentiation of hBMSCs into adipocytes, osteocytes, chondrocyte
(Trilineage DIfferentiation)..........cceviriiiiierieie e 67
H. Islets Differentiation ProtoCO|L...........cccviiiiieii i 67
I, DTZ Staining ProtoCOL........cccuiiiiiiee et nre s 68
Ji IMITTT @SSAY ettt ettt ettt e et e e e s e e s bn e e annee e 68
K. FDA-PISTAINING ..ottt 69
L. Annexin V-PI staining protocol for apoptosis assay.........ccccvevveveeiesrieseesesieennnns 69
M. Intracellular reactive oxygen species (ROS) detection assay ..........cccceevverveevernnns 69
L. MUIIMOOE FEAAET ...ttt nre s 69
Ii.Inverted flUOresCeNCE MICIOSCOPY ...cc.vvuveieieieiiiirieite st 70
N. Human C-peptide release @SSAY ........c.civverreiieerieiiieiieriesreseeste e sreesre e sree e eeesneas 70
O. StatistiCal ANAIYSIS......ccveiviiiiiieee e 71
B, RESUILS ..ottt re e re e areenne e 71
3.4.1. hBMSCs isolation from healthy human bone marrow ............c.ccccoeiiniinienenn, 71
3.4.2. Characterization of patient-derived hBMSCS.........ccooiiiiiiiiiicceee, 72
3.4.3. Gene and protein expression of stemness markers in isolated hBMSCs............... 73
A. Protein Expression (Western BIOt) ........cccoovoiiiiiiiiic e 74
B. Gene EXPression (PCR) ...ooiiiiiiiiiiiiseeeie et 74
3.4.4. Trilineage differentiation potential of hBMSCS ..., 75
A.  Adipocyte differentiation ............cccccveiiiiiiicie e 75
B. Osteocyte differentiation ...........cccceeiiiiiiiiie s 76
C. Chondrocyte differeNtiation ...........ccoviieiieiiie e 76
3.4.5. Differentiation of hBMSCs into ILCCs (10" Day protocol; Non-adherence
01 LTS PSPPSR 77
3.4.6. Differentiation of hBMSCs into ILCCs (18" Day protocol; non-adherence
PIALES) ottt bbbt 79
3.4.7. Differentiation of hBMSCs into ILCCs (18" Day protocol; ultra-low adherence
plates) * (Entire islet differentiation protocol is filed for Indian Patent) ........................ 82
3.4.8. Morphometry analysis of differentiated ILCCS.........ccceviiiiiiniiniiiie e, 85

Mitul Vakani. Ph.D. Thesis 2020



Exploring and Potentiating Human Bone Marrow Derived Mesenchymal Stem Cells [nBMSCs]
and Differentiated Islets for Effective Diabetes Therapy

TABLE OF CONTENTS
3.4.9. Cell viability assay 18 day ILCCS ........cceoveereureericeeeeiseeeseeeeee e, 86
3.4.10. Measurement of cellular ROS in 18™ day differentiated ILLCs using
DO B N L7 | TR UPR TP 88
3.4.11. Gene expression of lineage-specific markers involved in islet
differentiation OF ILCCS ....ccuiiiiie et 89
3.4.12. Islet functionality of 18" Day ILCCs Immunocytochemistry..................... 90
3.4.13. Flow cytometry analysis of pancreatic hormone expression in ILCCs.......... 92
3.4.14. In vitro Human C-peptide release in response to a glucose challenge.......... 93
TR N B 110t 011~ o] o SRS 94
3.6, SumMMary Of CRPALEr-3.........coiiiiieie ettt 100
Chapter 4: Assessment of molecular mechanism in islet differentiation
pathway from hBMSCs using best combination of bioactive molecules.
g 111 7o (1 o4 o] o PR 101
4.2.  Experimental design of Chatper-4 ..o 104
4.3. Plan of work Gene and Protein expression profile...........ccccooveveieiieiiiiie e, 105
4.4.  Material & MethOUS ........cccoveiiiiie e 105
A4, 1. MALETIALS ..ottt bbbt 105
4.4.2. Islet differentiation from hBMSCS ........cccooeiiiiiiienece e 105
4.4.3. GENE eXPreSSION STUAY ....oviieeiiiiiiiieieeiieiee ettt 106
4.4.4. ImmunOCYtOChEMISIIY STUAY ......cc.eiieiricieiie e 106
4.4.5. FIOW CYtOMELrY STUAY ...ocveieieiieccceeee e 106
4.4.6. WeSEErn DIOL STUAY ...c.oiiiieiec e 106
S -1 LSS 106
4.5.1. Temporal gene expression during islet differentiation using Real-time qPCR ...107
A. Definitive ENdOCIING gENES ......eoiiiieiiecie sttt 107
B. PancreatiC Progenitor gBNES ........ccueierierierieriesie e 109
C. Pancreatic ENdOCring Progenitors ..........ccocereieieneniniesieiee e 110
D. Functional pancreatic iSIEtS gBNES........coviivieiiiiii e 111
45.2. Temporal protein  expression during islet differentiation  using
IMMUNOCYtOChemIStry (ICC) @SSAY ......cuevueririiiiieniesie sttt 113
A, 5N DAY CEll CIUSIEIS .....o.voveeeieeeieceeieecee sttt 114
B. 10" Day Cell CIUSLETS ......ccvveeverceeereceeseeeeiesieeesessess s tesessesess et seseesensseesesensnens 115

Mitul Vakani. Ph.D. Thesis 2020



Exploring and Potentiating Human Bone Marrow Derived Mesenchymal Stem Cells [nBMSCs]
and Differentiated Islets for Effective Diabetes Therapy

TABLE OF CONTENTS
C. 15N Day Cell CIUSLES .......cveeveeeieceeieieceeseee et 118
D. 181 Day Cell CIUSLET ......oeeveeeceeieeieeee et ene s ss sttt en et 119

4.5.3. Immunocytochemistry assay confirms protein expression in single cells
(Isolated from CEll CIUSTEIS) .....oivieieiie e 122
4.5.4. Flow cytometry analysis support protein expression during islet differentiation 126
4.5.5. Temporal protein expression during islet differentiation using wester blotting..128
4.6, DISCUSSION ...veiviiiieieite sttt ettt bbbt e et e bbb be s e e e e e 130
4.7.  SUMMArY OF ChaPLEr-4 .......ooiiieieie e 136

Chapter 5: Assessment of microRNA profile & microRNA modulation
by silencing/inhibition (LNA)for augmentation of islet differentiation
from hBMSC:s.

T8 I {1 oo L1 T 4 o] o U USSPORRPR 137
5.1.1. miRNASs and Islet differentiation..............ccocvvveiiienisieneee e 137
5.1.2. microRNAs and Bioactive MOIECUIES...........ccocvviiiriiiiicee e, 140
5.1.3. MicroRNA Manipulation strategies Inhibition (LNA) ........ccccooeviviviiieiecienen, 140

5.2.  Experimental design of Chapter 5..........cooiiiiiii e 143

5.3.  Plan of work miCroRNAS Profile .........coeiiiiiiiiiiee e 144

5.4, Material & Method........ccoovoiiiiiiiiii e 145
541 MAEEIIAIS ..viiiiiieieiee et 145

A. Chemicals and cell culture media ..........ccocoevveiiiieiiieie e 145
B. MICTORNAS KIS ..ooviiiieiiei et 145
5.4.2. IMEINOUS ...ttt b et 146
A. hBMSCs culture and in vitro islet differentiation protocol (18" Day protocol)..146
B. MICrORNAS ISOIAtION ...c.veeeiiicciee e 146
C. MICTORNAS PrOTIlE. ..o 146
D. microRNA Power INhibitor LNA ... 148
E. Immunocytochemistry by Laser-scanner confocal microscopy .........ccceceenee. 148

5.5, REBSUILS ...ttt ae et re e reeneenneas 149

5.5.1. microRNAs expression profile (In vitro differentiation of hBMSCs into ILCCs)
.......................................................................................................................... 149

Mitul Vakani. Ph.D. Thesis 2020



Exploring and Potentiating Human Bone Marrow Derived Mesenchymal Stem Cells [nBMSCs]
and Differentiated Islets for Effective Diabetes Therapy
TABLE OF CONTENTS

5.5.2. Dynamic changes in microRNAs expression Profile during multistage islet

differentiation (51, 10", 151 and 18M day). .......ccecvvevveiiesiceeeeee s 152
5.5.3. microRNA 124a & its target FOXA2 gene and protein expression .................... 154
5.5.4. microRNA power inhibitor (LNA-hsa-miR-124a) study ..........cccccevvrieeiviinnnns 155
5.6, DISCUSSION ....vviiieiieiiestie st esee st e ste e te st et esbe e tess e sbeesbeeseesbeebeaneesbeeteeneeaseenbeaneenrens 157
0.7, SUIMIMAIY ..ttt sttt ettt ettt ettt ettt et e bt e e b e e e bb e ekt e e e bb e e e bb e e aabb e e e bbeeanseeeanes 163

Chapter 6: Encapsulation & transplantation of islets into a diabetic mouse model

for effective therapy.

G T0 I {1 oo L1 T 4 o] o SRR 164
6.1.1. Regenerative IMEMICINE .......ccccccvveiieieiie ettt nne s 164
6.1.2. ISlet transplantation ..........cccccioiieiieie e 165

A. The strategy of islets transplantation ..............ccocoiiriiiiiiie e 165
B. Limitations of islets transplantation.............ccocooiiiiiiiiici e 165
6.1.3. Islets ENCapSUIAtION .........cooviiiiiiieiicie e 166
A. Types of encapsSuUlatioN ..........ccceoiiiiiiicie s 167
B. Challenges in islets encapsulation ... 168
6.1.4. Encapsulation materials and its CharaCteristiCS...........ccouvvervrrerieereerieseese e 168
6.1.5. Hollow Fibre Membrane (HFM) ......coooiiiiiiieee e 170
6.1.6. Bi0-aCtive MOIECUIES .........ociiiiiiiiiieieee s 171

6.2. Experimental design for chapter-6...........cccooveeiiieiic i 173

6.3.  Material and MEethod .........c.ooiiiieiiiece e 175
6.3.1. IMAEEIIAL ..ot nreas 175

A. Chemicals, cell culture media, and HFM..........cccocoiiiiiiiiiiiieece e 175

B. ANIMal (MiCe & RALS) ......ioiiiiiiiecie e 175
6.3.2. hBMSCs differentiation into ILCCs using Bioactive molecule cocktails ........... 176
6.3.3. Rt ISIELS ISOIAtION ... ..cviiiieciiec e nne s 176
6.3.4. DTZ STAINING ..vveeiieiiieiie ettt et e be e be e ae e sreeabeearee s 176
6.3.5. Islets ENCapSUIAtiON ........cccveiiiiiiiiiie s e 176
6.3.6. ANNEXIN V/P1 STAINING ...ocvoiiiiiiiiiiiiiieiee e 177
6.3.7. Xeno-islets transplantation STUAY .........cccccoieriiinininieee e 177
6.3.8. H & E STAINING ...oocviiiii ettt 178
6.3.9. StatistiCal ANAIYSIS .....ccvviiiiieiiie e 178

Mitul Vakani. Ph.D. Thesis 2020



Exploring and Potentiating Human Bone Marrow Derived Mesenchymal Stem Cells [nBMSCs]
and Differentiated Islets for Effective Diabetes Therapy

TABLE OF CONTENTS

8.4, RESUILS .. .ottt ettt sttt e b e nneas
6.4.1. Encapsulated ILCCs viability In Vitro study..........cccccoeeveiiiiieiieic e
6.4.2. Encapsulated rat islet viability In vitro study ..........cccccooveiiiiieiiiiceceece e,
6.4.3. Encapsulated Rat Islets transplantation (HFM) in STZ treated diabetic mice
(Xenotransplantation- IN-VIVO STUAY)......cceoueiierierieiienieie et
6.4.4. Retrival of xenotranstpanted rat islets from HFM ............ccccoooieiiiieiicin e,

T T B 1ol U1 (o]0 ST PP UR PR

6.6.  SUMMArY OF ChAPLEr-6.......ccviiiiiiiiiiiiieeee s

Chapter 7: Summary and conclusions

% S 11111 -1 Y PP PRSPPI
7.2, OVEIAI CONCIUSTONS ..ottt e e e e e eee e
7.3, THESIS SUMMAIY.....ciuiiiiiiieiieieie ettt nb bbbt
8RBT OIENCES ...
l. Appendix

. List of Tables and Figures

II. Publications and Patent

V. Conferences

V. Synopsis

Mitul Vakani. Ph.D. Thesis 2020



