Table of Contents

Chapter 1 | General INntroduction .........cccoeeeeeeeecciiiiiiinneeneniiiinnineeeeneennee. 1
1.1 Nanotechnology and nanomedicinge. .......cccccevevieiiiicieeecncier e, 3
1.2 Mesoporous silica materials in advanced applications. .........c.ccceeeuneen. 5

1.2.1 Synthesis of mesoporous silica nanoparticles..........cccceeeeveeeecrveeenen. 7
1.2.2 Functionalisation of mesoporous silica materials. .....c..ccccecceeriienneenns 9

1.3 Stimuli-responsive gated materials. ......cccvvveviiiiriiieenrie e 11
13.1 Endogenous stimuli-responsive materials. ........cccoocvevieeniienieennnen. 13
1.3.2 Exogenous stimuli-responsive materials.......c.cccoecevvveeeiiiicciivieeneen. 21
1.3.3 Gated mesoporous silica nanoparticles as drug delivery systems in
biomedical applications. .......ccceeveciiiiieei i, 27

1.3.4 Clinical relevance of gated mesoporous silica nanoparticles............ 30

1.4 Gold NAaNOPArICIES. ..eiieieiceeecee e 31
1.4.1 Synthesis and functionalisation of gold nanoparticles...................... 32
1.4.2 Clinical relevance of gold nanoparticles.........ccooveeeeeiieiiiiiiieeeeceens 36

1.5 Biocompatibility and biodistribution of nanoparticles........ccccceevuennne 37
1.6 Breast CanCer.......ccccciiiiiiiiiiiiiiiicccirtc e 45

1.6.1 Breast cancer intrinsic SUDTYPES. ...occiiviiciiiiiee e 45



1.6.2 Current therapeutic approaches for breast cancer treatment. ........ 47

1.6.3 Bcl-2 protein family and drug resistance in breast cancer................ 49

164 Nanomedicine-based approach for breast cancer treatment. ......... 55

1.7 RefrENCES. ...coomiiiiiiieeetee ettt e 61
Chapter 2 | ObjJectives........cceviiereeenciiiiiniiiieennniciesiieineenenesesssssesessnssssnes 85

Chapter 3 | Navitoclax resistance overcoming using mesoporous silica

QT Y] o - T d Lol LT3N 89
3.1 ABSTrACT. weeeiiiieee e e e e e 95
3.2 INErOAUCTION. c.ceeiieeeeee et st s 95
3.3 Results and DiSCUSSION......cccuiruierieeriienieeniee et 97

3.3.1 Synthesis and characterisation of aptamer-capped nanoparticles... 97
3.3.2 Cargo controlled release and biocompatibility studies................... 102
3.33 Targeted cellular uptake studies. .......cccovvveeeiiiiiiiiiieee e, 104
334 Navitoclax resistance overcoming in TNBC cells. ........ccccceeeuvvreneen. 106
3.35 Platelets protection assay.......ccccvveeeeeeieciiiiiiee e 107
3.4 CONCIUSIONS. ...ttt st 110
3.5  Experimental SECtION. ......uuveieeeiiciciieiee e 111

3.5.1 Synthesis of the mesoporous silica nanodevices. ..........ccccceeeeeennns 111



3.5.2 Synthesis of APTES-MSNS(RIB)......cccoviiiiiiieeiciieeeeciiee e 111
3.5.3 Synthesis of apMUC1-MSNS(RNB)........ccoceuieeeiiiieeeieee e e 111
354 Synthesis of drug-loaded apMUC1-gated MSNS. ........ccceeveerveennnen. 112
3.5.5 Standard characterisation procedures of the prepared materials. 113
3.5.6 Cargo delivery StUAIES. ....cocuveee e e 114
3.5.7 Cell culture conditions. .........coeuieiieiniienieereee e 114
3.5.8 Protein expression characterisation by western blot. .................... 114
3.5.9 Cytotoxicity cell studies with apMUCL-MSNS. .....ccccvvveiriuieeeriiiennnnns 115
3.5.10 Navitoclax resistance overcoming TNBC cells. .......ccooeevcieeriieenieenne 116
3.5.11 Targeted cellular uptake studies. .......cccovvveeeiieiiiiiiieee e, 116
3.5.12 Platelets protection assay. .....ccccevcveereriieeseiiee e eee e sree e e 117
3.6 REFEIENCES. .ot 118
3.7 Supporting information. .......ccccceveeieii i, 121

Chapter 4 | CRISPR/Cas9 machinery and model drug co-delivery as one-

shot treatment Strategy .....cceeieeuereeniereecrienierennereenerenseerenseerenseseaneeees 129
O R 1Y o 1) o o= Yot U UESRN 135
/5 N 114 o o [ ot 4 [ o SRRt 135

4.3  Results and DiSCUSSION.......ccceevviiiiiiiiiiiiiiiiiie 137



4.4

4.5

43.1 Assembly and characterisation of CRISPR-MSNS. .........cccccvuvveeeennn. 137

4.3.2 Controlled release, biocompatibility, and internalisation studies. . 141
433 Gene editing of GFP and cargo delivery cellular studies................. 145

CONCIUSIONS. ..ttt 149

Materials and Methods. ........coociiiriiiiiiie e 150
45.1 MALEIIALS. evveiiiiiie e et 150
4.5.2 General Methods. .......cooiiiiiiiiiie e 150
453 Synthesis of mesoporous silica nanoparticles (MSNSs). ................... 151
454 Synthesis of PEI-IMISNS. .....coiiiiiiiiieeeerteeee e 152
455 Synthesis of CRISPR-IMISNS. ......ccuiiieiiiiieeiiieeectieeeeeree e e vee e e iree e 152
4.5.6 Synthesis of PEI-RNB-MSNS. .........ceeeiiiieiiiiee et eiree e 152
4.5.7 Synthesis of CRISPR-RhB-MSNS........cccccevvviiiririieeeeiieeesieeeesiiee e 153
45.8 Synthesis of CRISPR-RhB*-IMSNS..........ccoviireeiiiieeeiiieeecieeeeeivee e 153
4,59 Preparation of the CRISPR/Cas9 VECLON. .......ccceevveerveenieesreeeieens 153
4.5.10 Assembly and characterisation of CRISPR-RhB-MSNs s..................... 154
45.11 CRISPR-RhB-MSNs delivery studies. .......ccccoeeiiuiiieeeeeieiiiiiieeeeeeeeens 154

4.5.12 Stability studies of the CRISPR/Cas9 vector in MSNs complexes. ... 154

45.13 Toxicity studies with CRISPR-RhB-MSNS. .......ccceeeiiiiiiiieeeeeeecinineen. 155



45.14 Cellular uptake studies with CRISPR-RhB*-MSNS. .......ccccceeeecurenenns 155

4.5.15 Gene editing of GFP in U-2 OS-GFP cells with CRISPR-MSNs. ......... 156

4.5.16 Gene editing of GFP in U-2 OS-GFP cells with CRISPR-RhB-MSNs. . 157

4.6 REFEIENCES. .oiiiiiiiiieee e 158
4.7  Supporting iNformation. ........cccveieciiie e 160
Chapter 5 | Enzyme prodrug therapy for breast cancer treatment ....... 171
5.1 ABSErACt. cuveeeiiieiee et 177
307 [ 4o Yo Ui 4T o AR 177
5.3 Results and DiSCUSSION......ccceiriirerieeeieeerteesieeesieeeereeeieeeseeeeeveeesaees 180
5.3.1 Synthesis and characterisation of HRP-AUNCS..........ccccecvveeeriiveeens 180
5.3.2 Activity and stability of HRP-AUNCS. ........cccooeeiiiiieeeiiiee e, 183
5.3.3 Biocompatibility and cellular uptake of HRP-AuNCs....................... 184
53.4 HRP-AuNCs for EPT in breast cancer cells. .......cceceveeneeneniennennee. 187
5.3.5 HRP-AuUNCs for EPT in breast cancer multicellular tumour spheroid-

like CUItUres (MCTS). wuviiieiiee ettt ettt e 188

I S 0o T o [o] [V ] o] o -3 PP PP 190
5.5 Experimental SECtION. .......uveeeieiiciciiieiee et 192

5.5.1 Synthesis of gold nanoparticles (AUNPS).........cccceeevcieeeeciieeeciiee s 192



5.5.2 Synthesis of HRP-functionalised gold nanoconjugates (HRP- AuNCs).
........................................................................................................ 192

5.5.3 Standard characterisation procedures of HRP-AuNCs. ................... 193
554 HRP aCtiVIty @SSaY..iiiiiiiiiiiiiiiiiiiiiiiiiieieeeeeeeeereeeeeeeeeeeeeeeeeeeeeeeesesesesenen 193
5.5.5 Cell culture conditions. .........coeceieiieiiiieniee e 195
5.5.6 Biocompatibility studies with HRP-AUNCS. .........cccceeevciieeeecnieeeennen, 195
5.5.7 Cellular uptake StUIeS. .....coveereiirieeiieteee e 195
5.5.8 HRP-AUNCs for EPT in breast cancer cells. ........ccoceevieenieeniieenieenns 196
5.5.9 HRP-AuUNCs for EPT in triple-negative breast cancer MCTS. ........... 196

5.6 REfEIENCES. ..oomiiiiiiiieeeeeeee e e 198
5.7 Supporting information. .........cccoecieiiiciiie e 204

Chapter 6 | Conclusions and future perspectives ........ccccccueeceeeeerenennns 209



