TABLE OF CONTENTS

0. Executive SUMMArY .cicviieirimsassmsassmsassnsassnsassnsassnsassnsnssnsassnsnssnsassnsasnnsas 19

1. Basics of Nanobiotechnology ........cccuivrmirimvernmsnmsssmsssasssmsasnmsasnnnanns 21

B0 o X LT ot e o T 21
Classification of nanobiotechnologies ........ciciiiiiiiiiisiiirs s e 22
Top-down and bottomM-UP @PPrO@ChiEs . ...t eas 23
Landmarks in the evolution of nanobiotechnology.....c.cciiririririiiiin s 23
Relation of nanobiotechnology to healthcare.........c.ciciiiiririin s 24
N I =T o 3 3 Lo ] Lo o | PR
B0 o X LT ot T o T 27
Micro- and nano-electromechanical Systems .....c.ciciciiririririin s 27
L2 T N = S 27
Microarrays and NANOAITAYS uirerererrararssismsmsmamarasasasasasssssassssssssssssssssssssasasasasasssasssssssssssnnnns 28
Dip Pen Nanolithography fOr N@N0AITAYS ....ouiui it e e e eeans 28
Lo 1o [T o T=T a Lo XY r= )V £ N 29
Microfluidics and NaNOflUIdICS ..curueirimrrimr s s s s s s s s s s s s s s s mr s m s namnnnnmnnnnnnnrn 30
NanotechnNOlOgy 0N @ ChiP .uieii i et et e e e e e eneens 30
Microfluidic chips for Nanoliter VOIUMES .....uuii e eeas 31

N ETaTeTe I A B3\ =T [o 11 o 11 o PP 32
Use of nanotechnology in mMicrofluidiCS. . ..uuuiiieii e eeas 33
Construction of nanofluidic CRANNEIS ..........o.eei ettt iaaeaaaas 33
Nanoscale fIOW ViIiSUGIZAtION .........uusees ettt ettt ettt ettt e e eaeaaaas 34
Moving (levitation) of nanofluidic drops with physical fOrces ............ccouiuiiiiiiiiiiiineiiiiinans 34
Electrochemical Nanofluid iNJECEION .............euen e aeaenees 34
Nanofluidics on Nanopatterned SUIMACES ..........e.e e eaeaenees 35
Nano-interface in @ MiCrofluidiC CRID ...........o.e.e e eenees 35
Nanofluidic channels for StUAY Of DINA. ...ttt ettt et a e eaeaaeas 35
Visualization and manipulation on nanoscale .......cccireriririrer s s s s s s snnsanns 36
L I 0 [ o 1= ol o 1= P 36

P\ o] o g1 (ol VoY xol=I ga]Tolg'e}-Tolo] o ) AN OO 36

[ F= X ol Y o L7 o) o =T = 1 o [0 o A 36

Wi Ve Az Tl Te L=t A Y o PPN 36

Force sensing Integrated Readout and ACEIVE TiD .....ouueiuiieiii sttt aeiaaaaaeas 37
CantileVer tECNN0I0OGY v it e 37
CytoViva® MiCrOSCOPE SY S OM t.uiiiiit ittt s e r e e e ae s e s e aas e e e e rneaeanneanernerneannen 39
Fluorescence Resonance ENergy Tran s er ..o it eas 39
Magnetic resonance force microscopy and nanoscale MRI........ccciiiiiiiiiiiiiiiii i eeas 39
Multiple single-molecule fluoreSCENCE MICIOSCOPY vt viuiitii ittt ittt ne e neaaeneas 40
Near-field scanning optical MiCrOSCOPY +.viuiiriiiiii i e e eeas 40
Nano-sized light source for single cell ENAOSCOPY ..viuiiiiiiiiii i eas 40
Nanoparticle characterization by Halo™ LM10 technology ......covviiiiiiiiiiiiin s 41
Nanoscale scanning €leCtrON MICIOSCOPY «iuuiriutitieitit ettt ettt ae e seae e aienaaeneaas 42
Use of SEM to reconstruct 3D tiSSU€ NanOSErUCLUI . ..........vueueeiesesssse e eeeeeieeeaas 42
Optical Imaging with @ SilVer SUPEIIENS .......uii e e 42
Photoactivated [0calization MICrOSCOPY .iiriiriiieii i s a e e ae e ane e e eeaeans 43
SCANNING PrODE MICIOSCOPY . ueutiuititit ittt ettt et et et e e e st e st ae e aa et raeeaaaneaaaeananens 43
[T g u = |V VTR oY =To g o 1Y ol ] o PN 44
Super-resolution microscopy for in Vivo cell iMaging.....cvvvviiiiiiiininr e e 44
Ultra-nanocrystalline diamond ..ot 45
Visualizing atoms with high-resolution transmission electron microscopy .........ccocviiiiiiiiiinnnne. 45
Companies that provide microscopes for nanobiotechnology ......ccvvvvviiiiiiiiiiii e 45
Surface PlasSmMON FESONANCE ..uuuiiueriariariasrasrsarrasrs s rsanss s anssnssssssmssnssssssmssssssssssssssnssnnsansans 46
L = 2 e 2= T o] = 47
Y20 o il aT= T aTe] o 11 Tl 1= PPN 47
FIUOIrESCENE NANOPAITICIES .. vttt ettt ettt ettt ettt ettt ettt ataateaseeanaananns 47

(C1o) (e s T=Tgle) ok [ g 2 (ol (=X R PP 48

s l0) o - 1 ¥ (o1 (== PP 48
Paramagnetic and superparamagnetic NANOPArtiCIES ...........c.viuiuiiiiiiiiiiiiiiaiiaiieieaaeas 49

(010 1147 g 0 e Lo xR 49

SiliCA NANOPAITICIES ...ttt ettt et ettt ettt ettt et et aeeaeaanaanens 51
Assembly of nanoparticles iNt0 MICEIIES ... e 51
Biomedical applications of self-assembly of Nnanoparticles.............cccovveieiiiiiiiiiiiiiiiiiiiiann. 51
Production techniques for NANOPArTICIES .......o.iiuiiii e eas 52
NaNOSEIUCTUNES ..ot iiiii i s i s s i s s s s r s s s a s s s s e s s s s a s s s anaannannnnnnn 53
Bacterial structures relevant to nanobiotechnology ........ccoiiiiiiiiii s 53

== Toia =T g = T o o == 53



Nanostructures based on bacterial cell surface 1ayers ........c.cocvovviiiiiiiiiiiiiiiiiiiiiiiininininans 54

Bacterial magnetic PArtiCleS ..........ouvuueiiiiii i 54
[O11] s Yo 1Yo o o [T PPN 54
(D] oL 110 01T o= PP 55

L0 5= 1 = 56

APDPDIICALIONS .. e 56
DNA-N@NOPArtiCle CONJUGAEES . ui ettt ettt ettt e e e et e e e s et e e e e e e e neneeneneanaeans 57
[D] 1) 2Ne e =] g 1<Te I'o ] o P PP 57

Potential @PPIICAtIONS . .......c.iiii e 57
(RO 11T T o T PR 58
[N E= g To 1= 1= L PP 58
N AN OEUD S ittt aras 59

CArDON NANOEUDES ... ettt ettt ettt ettt ettt ettt ettt ettt ettt ta et eaeeaens 59

Carbon NANOLUDES ANA DINA ... ..ottt ettt ettt ettt ettt st et aeeaeaeaneas 60

APPIICAtiONS Of NANOLUDES ...ttt ae e 60
[NV E= g L] 10 T = RPN 61
A= T e 1T <N 61
[\ E= T e 1=3 =T 0 0 o1 o [N 62
[N E= gL =TT | L= PP 62
LAV E= T L0} 50 =T 62
[N ETale] sXel ge I IRy Tor= = [=] o T[] RPN 63
NaNOSEIUCEUIrEA SIlICON .. neeii e e ettt et e e e e e e e e neneans 64
Networks of gold nanoparticles and bacteriophage ........ocvvveieiiiiii e 64
POy MBI NANO OIS it e e, 64
Protein-nanoparticle combination ... ..o 65

Nanomaterials for biolabeling .....ciciiiiiiriiiiieiiiirsrs e s nnnnn 65
[N N V=T o ] = T N 67
Fluorescent [anthanide NanOrOAS ... ..u ittt et et et e e e e e e e eneneaes 67
[\ F=Te 1 1= o Tl o = T ] = T =N 67
Molecular computational identification .........ccciiiiii i 68
NaNOPhOSPROr [@DEIS ...t e et 68
Organic nanoparticles as biolabelS . ... e 69
QUANTUM dOtS @S [@DEIS .t e e 69
I ] 2 SR = 10 =T 70
Silica nanoparticles for labeling antibodies ......cvuiiiiiii e 70
Silver NAaNOPArtiCIE 1abEIS ..v.uie i e e 70

Companies providing services and products for nanobiotechnology .......ccccccviiieriiicrincerannes 71

3. Applications in Life Sciences.......cccvevmiimirisi i s s s s s s s ssassnssannns 7.3

B 00 o ¢ LT ot o T . 73
Nanotechnology and biolOgY ....cccuiierimiarimrarinrarsra s s s s s s s s ssa s ssasassnsasnnsnnnnsans 73
N g Lo NV (=T 0 a F- =11 Lo e | PR 73
Nanobiology and the Cell. ... e 74
BioSeNSiNG Of CEIIUIAIr FESPONSES ... ettt ettt ettt ettt ettt ettt et eaeeeaeaaeas 75
Control of T cell SIgNaliNg GCLIVILY .......o.u.eirie ittt aaeaaeas 75
Measuring Mass Of SINGIE CEIIS .......u e ettt ettt eaaeaaens 76
Nanostructures involved iN @NAOCYLOSIS . ...ttt ettt ettt et aieaeaaens 76
Nanotechnology-based live-cell single Mmolecule @SSays .......c.cuvuieiiiieiiiiiiiiiiisiiisiiiiaennnns 76
QuUAantum dots fOr CEll [ADEIING .......uueeeeee ettt ettt ana e enenens 77
Quantum dots for StUdy Of @POPLOSIS ......uureeis sttt ettt ettt et a e ieaeaaeas 77
Single cell injection DY NANOIGSEIS .........o.ieii i 77
Study of complex bioloGiCal SYStEIMIS........uuiririie ettt e e e e e e e aeaenenenenans 78

[\{ o] L=TalN ] F= 1 ol o 4o o] o P 78
Nanomotor made Of NUCIEIC @CIAS ...........eeeeeees ettt nanaeaeaenenens 80
Phi29 DNA packaging NANOMOLOL .........uieei ettt et eeeaeaes 80
Light-activated ion channel molecular Machings............coovoeiiiiiiiiii i 81
Application of AFM for biomolecular iMaging ........o.oeiiiiiii e 81
Future insights into biomolecular proceSSes DY AFM........c.oueeiiiuiiiiiiiiiiaiie i 82
4Pi microscopy to study DNA double-strand breaks .......c.oviiiiiiiiiiii 82
Multi-isotope imaging mMass SPeCrOMELry ... 83
Applications of biomolecular computing in life SCIENCES .....cvieiiiiiiii e 83
[\{ o] L=TolN ] F= Y ol = (=Tt u g o] o | ol PP 84
Microbial NANOMALEIIAIS .. .. e as 84
Use of bacteria to construct NANOMACRHINES ..........c.uiuiiiii e 84
Bacteriophage NANOSNEIIS ... e 85
Natural NAN0COMPOSIEES. ... ittt e et e et e e e e e e e eeaneens 85
Nanotechnology in biological reSEArCh ... eas 85
Nanoparticles for biologiCal reSEArCRH ...........cooviriiiiiiis s 86
Disguising quantum dots as proteins for Cell @NEry ........c.cvuiuiiiiiiiiiiiiii i 86
Molecular biology and NanNOteChNOIOGY ......uuiuiiiiiiii e e e eeas 87
Structural DNA NanoteChNOIOGY .........o.euieii it eaes 87



Reversibly binding of gold nanospheres to DNA Strands ..........couviiiiiiiiiiiiiiiiiiiiiiiiiiiinaannn, 88

RNA NANOLECANOIOGY .vveveiiiiii i e 89
Genetically engineered proteins for nanobioteChnolOgy ..........ccoviuiiiiiiiiiiiiiiiiiiiiiieieiaans 89

SiNGle MOIECUIE STUAIES ...uviiieiii et e e s e e e e e s e e e e e e aaneananens 90
Optical trapping and single-molecule flUOre@SCENCE...........vvuiriiiiiiiiiiiiiiiiiiisisiiniiiaiaeaes 90

3D single-molecular imaging by coherent X-ray diffraction imaging ...............ccccccooevveiniinnn. 90
Studying the molecular mechanisms Of €NZYMES.........ccviiiiiiiiiiriii e ieeereieeens 90

L) = 10 e ot 1= 1 1] 91
NANOSCAIE PH MO Or ittt ettt e e et e et et e e e et e et e e aneeans 91
Nanolaser applications in life SCIENCES......ccccieimiririrsririrsr s 91
Nanoelectroporation .....ciiicrcririrerere sy 92
Nanomanipulation...ciciiirrrirarere s s rararrn 93
Nanomanipulation by combination of AFM and other devices .......cccciviiiiiiiiiiiiiiees 93
Surgery on living cells using AFM with nanoneedles........ccoviiiiiiiiiiii e 94

(@ ]0] o T=] [=Totd o] | Tol ATV =T =Y =] PPN 94
Optical manipulation of NANOPAILICIES .....uiiiie i e e eeaeaens 94
Manipulation of DNA sequence by use of nanoparticles as laser light antennas................c.ooe.t 95
Nanomanipulation of single MOIECUIE ... ... e 95

(21 o] g =tYol=T Y ol=R o] gol Y o =Tol o o 1Y olo] s )V PPN 95
Nanomanipulation for study of mechanism of anticancer drugs .........ccooiiiiiiiiiiiiiiic s 96
Nanotechnology in genomic research ........ccciimiiriririrsrersrs s s nans 96
Nanotechnology for separation of DNA fragmentS.....cciuiiiiiiiiii e ees 96
Nanostructured devices for controlled gene eXPreSSiON ........veieieieieieiiieeirr e 97
Nanotechnology-based DNA SEQUENCING .. .uuiuiiitiiii e et e et e e aeneaas 97
Single-molecule detection of DNA hybridization .......ovieiiiiii e 97
Role of nanobiotechnology in identifying single nucleotide polymorphisms........c.cocovievvininnnns 98
Nanobiotechnology for study of mitochondria .......c.cicriririririiii s 98
Nanomaterials for the study of mitochondria ........ooiiii i s 98
Study of mitochondria with nanolaser SPeCtrOSCOPY . ..uvuieiiiiiii e 99
Role of nanotechnology in proteomics research.......cccicririririiiiiiiii e, 99
Study of proteins by atomic fOrce MICrOSCOPY .uuuiuiitiiiitiiii e e eens 99
Single cell nanoprobe for studying gene expression of individual cells ...........cccovviiiiiiiiiinnnen, 100

[N\ E= T Yo o] o)1 t=To o 1 1 ot 100
Dynamic reassembly Of PEPLIAES ........iueeie ittt ettt aa s 100
High-field asymmetric waveform ion mobility mass spectrometry............ccccvuveiieieiiniennnn. 100

L0 o aTod oY g D] =T (o o 101
Nanoflow liquid CAromMatograpRy ........euee ittt ettt eaaaeanens 101
Nanoproteomics for study of misfolded Proteins ...........c.cuuuiieiuiiiiiiiiiiiiiiiiiaiiiasiiaaeanans 101
Nanotube electronic bioSENSOr fOr PrOt@OIMIUCS ... ...uuie ittt eaaeaaaeanans 102
Nanometer photomasks from bacterial Protein..........cuuveuuiiiieiiiiiiiiiisiteiiaieiesaiaaeaaans 102
Protein NanoCrysStallograpRy .........u e 103
QD-protein bioconjugate NAn0A@SSEMBIY ........u.eiuiii e 103
Proteomics at single MOIleCUIE IEVEI .....u e e 103
Study of protein synthesis and single-molecule proCeSSES .........c.cuviieiuiiisiiiiiiiiiiiiisanannn, 103
Protein expression in individual cells at the single molecule level.............ccccccvviiiveiiiieinnn, 104
Single-molecule mass spectrometry using nanotechnology ..........c.ccveiiiiiiiiiiiiiiiiiinnnannn, 105
Biochips for Nan0SCale ProtEOMICS ... .t e 105
Protein biochips based on fluorescence planar wave guide technology .............ccccccuvvvuinnn. 105

N ETalol il a=T = Tae- ) e 1] PPN 106

Role of nanotechnology in study of membrane proteins ........cocvviiiiiiiiiiiiirr s 106
Nanoparticles for study of Membrane Proteins .........c.c.uuiveiiiiiiiiiii ittt ateiaieiiiaaeanans 106

Study of single protein interaction with cell mMembrane ............c.cooviiiiiiiiiiiiiiiiiiiisiiinenennns 107
Quantum dots to label cell SUIfACe ProteiNS ........u.uiuiii ittt ettt ettt iaaaeanens 107

Study of single membrane proteins at subnanometer resolution...............ccccccuviiiiiienenennns 107
Nanoparticle-protein INtEraCtioNS ......iiviiiii i e e e e ane e aeanes 108
Protein engineering 0N NaNO0SCAIE ......iuiieie it eas 108
Nanowires for protein @NGINEEIING ...........uuee ittt aeaaeas 108

A nanoscale mechanism for protein €nNgiNEEring ............cuuieiiieiiiiiiii i 108

Role of nanoparticles in self-assembly Of ProteiNS.........uuuiiiieii i itiieaieiaaaaaaan 109

Role of nanotechnology in peptide €NgGiNEEriNgG .........c.cuviiuiiiiiiiii i 109
Manipulating redox systems for nanotechnology. .......ccooiuiiiiiiiii s 109
Self-assembling peptide scaffold technology for 3-D cell culture.........ccoiiiiiiiiiii s 110
Nanobiotechnology and ion channels......c.cuiciiiiiiiiisrc i s s s s s s s s e s 110
AFM for characterization of ion channels ... 111

P [UE=] o To ) g g IVIVE= 1 =] gl e o =T o] o L=1 I PP 111
Remote control of ion channels through magnetic-field heating of nanoparticles .................... 111
Role of nanobiotechnology in engineering ion channels ... 111
Application of nanobiotechnology in molecular electronics.........ccoiviiiiiirsrsrara e, 112
Nanotechnology and bioinformatics.......ccciiiiisisrsririrss 113
G0 ot aTo R o aT=T o Je) f=1 V] o T T o 1T = PP 114
Companies providing nanotechnology for life sciences research...........ccocvimimivrnananinn, 114



4. Nanomolecular DiagnosticCs.......ccucrimirimnrimssimsssmsassmsssmsassssassnsasnnsasnss 117

B0 e T« 1T ot o 117
) = T8 e T« 1T T T3 o= ot 117
Rationale of nanotechnology for molecular diagnostiCS........coviiiiiiiiiiii 118
Nanoarrays for molecular diagnostiCS......ciciimiiiiririririni 119
A E LT o o Tt V£ = o o 119
Nanofluidic/nanoarray devices to detect a single molecule of DNA ........cooviiiiiiiiiininnnnes 119
Self-assembling Protein NAN0@AITAYS . .uuiiiiiie e ees 120
Fullerene photodetectors for chemiluminescence detection on microfluidic chip.............coevvis 120
Protein microarray for detection of molecules with nanoparticles............cooviiiiiiinininns 120
Protein NANODIOCHID . c e e 121
AFM for molecular diagnostiCs ...ciciiiiiiriririiiiiirr s 121
N ETale] {o 10 gk o= 1 g AN o\ B o] o] o 1 PR 121
AFM for immobilization of biomolecules in high-density microarrays .......c.cocoovviiiiiiiiiiiinens 121

AFM for nanodissection of chromosomes
Nanoparticles for molecular diagnostics

(o] ls W g F-TaToT o 1= [ o ol 1= T PPN

Quantum dots for molecular diagnOSTiCS. . ..uiuiiiii i
Quantum dots for detection of pathogenic miCroorganiSMS..........cccveviiiiiiiiiiininiiininininans 124
Bioconjugated QDs for multiplexed profiling of biomarkers .............cccooviiiiiiiiiiiiiininininanan. 124
Imaging of living tiSSUE@ With QDS ..........c.eniniiii e 124
Use of nanocrystals in immunohiStoChemiStry .....ouiuiiiiii e 125
[\ F=Te g T=ta ol a = aTe] o T=Y o (ol =Y - PP 125
Magnetic nanoparticles fOr DIOSCrE€ENING ............u e eaenens 125
Monitoring of implanted NSCs labeled with Nnanoparticles .............cccouiiieiiiiiiiiieiiiiiiiainnnnns 125
Perfluorocarbon nanoparticles to track therapeutic cells in ViVO ..........c.ccovieieieiiniieiiniinans 126
Superparamagnetic nanoparticles for cell tracking ...........c.ovuiuiiiiiiiiiiiiiiiiiiiiieiiiiaiean, 126
Superparamagnetic iron oxide nanoparticles for calcium Sensing............c.ccocvvveieiiinennnnn. 127
Magnetic nanoparticles for labeling MOIECUIES ...............oueeiririiii i 127
Super conducting quantum interference deVICE ...........cuueierr s 127
Study of living cells by superparamagnetic Nanoparticles ...........cccouvuuiiiiiiiiiiiiiiiiiinsnnnnnn. 128
Imaging applications of NANOPAItICIES .....uiniiii i e 128
Dendritic nanoprobes for imaging of @NGiOGENESIS ........uuuuiuiieiiiiiiiiite ettt aaieiaaeanans 128
Gadolinium-loaded dendrimer nanoparticles for tumor-specific MRI ............c.ccccvvvveiiiieinn, 129
GadoNANOtUDES fOr MRI ... oottt e et e et a e n e nens 129
Gold nanorods and nanoparticles as imaging agents ..........cuvuuuieuiieiiieiiiiiiiiiiiiiiiaieinans 129
In vivo imaging Using NAaNOPAItiCIES..........ouue it ettt aaaeaaas 130
Manganese oxide nanoparticles as contrast agent for brain MRI ............c.cccviiieiniieinnininnn, 130
Nanoparticles vs microparticles for cellular imaging ...........c.cuuuieiiieiiiiiiiiiiiiiiiiiiiaieinnns 130
Nanoparticles as contrast agent fOr MRI...........ouiuuuuiiiii ittt easeaaaaeanens 131
Optical molecular imaging using targeted magnetic Nnanoprobes............c.ccccevvvveiiiieinneinnn, 131
QDS for biologiCal IMAGING ......uuue ettt ettt ettt ettt et e seaaaeanans 132
Superparamagnetic iron nanoparticles combined With MRI ............cccoviiiiiiiiiiiiiiiiiiisannnnn, 132
Concluding remarks and future prospects of nanoparticles for imaging............................. 133
Applications of nanopore technology for molecular diagnostics........cccrivimimrinierarnrsnara. 133
Nanopore technology for detection of single DNA MOIECUIES .....cvviiiiiiiiiiiiiiiir s 133
[N VE= T o Y1Vt e 0.4 < o o PP 134
Simultaneous detection of DNA and Proteins ......vveieiiiiiiiiiiiir i raeeas 134
DNA-protein and -nanoparticle conjugates .........cccciiiiiiiiriisrsis e 135
Resonance Light Scattering technology ....c.ccciiiiiiiiiii i e 135
DNA nanomachines for molecular diagnostiCS ...cicicrarrrrrirsrinsnisissrereserararararasansssnsssnsnnns 136
Nanobarcodes techNOlOgY .....ciiiiimiiiiereiireire s s s s s s s s s s s a s n s nnannnnnn 136
Nanobarcode particle technology for SNP genotyping.....ocvveeieieieieiiiiieieie e ereeaeaeens 137
Qdot nanobarcode for multiplexed gene expression profiling.......cccvvevveiiiiiiiiiiiiinrnneens 137
Biobarcode assay fOr ProtEIiNS ... e 137
Single-molecule barcoding system for DNA @nalySis ....vuvvviiiiiinineneneeeeeeeeeirrenenenenenenes 139
Nanoparticle-based colorimetric DNA detection method.........ccoiciimiiiiinsric s s sna s 139
SNP genotyping with gold nanoparticle probes.........cccooiiiiiiii 140
Nanoparticle-based Up-converting Phosphor Technology .........cccuiiiiiiiiiinsisnesesnenesnaens 140
Surface-Enhanced Resonant Raman SpectrOSCOPY . iiciiirimrimriariasmsnmsassasssnssnssassasssnssnssnnsanss 140
Near-infrared (NIR)-emissive polymerSOMEeSs ...cuicuieriarismmsnmsassansssssnssasssnssnssassassanssnssansansas 141
Nanobiotechnology for detection of proteins ........ccccciiiiiriisriiisrr s e 142
Captamers with proximity extension assay for proteins ......ccceviiiiiiiiii i 142
NaNODIOSENSOIS ...cciiciiiiiii i i i s s s s s s s s s s s s s s s s ssa s ssasansasnnnasnnsnsnnnnsnnnnsn 142
Cantilevers as biosensors for molecular diagnostiCs .......ooviviiiiiiiiii s 142
Advantages of cantilever technology for molecular recognition...............ccccooeviiiiiiiinian.. 143
Antibody-coated nanocantilevers for detection of microorganisms .............cccccceveieiiaiennan.. 144
Cantilevers for direct detection Of @CtiVe GENES ..........ouiiiiiii i 144
Portable nanocantilever system fOr diagnosSiS..........cuuuueiuiiiiii i 145
Carbon NANOLUDE DIOSENSOIS ...ttt et et e e e e s e e e ra e e aa e e raeeaaanens 145
Carbon nanotube sensors coated with ssDNA and electronic readout ..............cc.cccevvinnnnn. 145



Carbon nanotubes sensors wrapped with DNA and optical detection ...............cc.cccveviennn. 146

FRET-DAS@d DINA NANOSENSON .. .ueitintitetitettaeteteataaeaaseaaeeaseaeataaeaseeasaneaneteseaeaneaeananeananeans 146
Ion Channel Switch biosensor t€ChNOIOGY . .cuviuiieii e 147
EleCtroniC NanObIOSENSOIS ... e ettt et et eas 147
Electrochemical NanObIOSENSOr ......u ittt e e e e e e e e e neens 148
Metallic NANODIOSENSOIS .o it ettt ettt eaas 148
[O]UE=T o wAN g T=Ta o] =1 = g Lol Sl o] o =Ty g =T ¥ N 148
V1= | I g =T a Lo 1-Y=T 0 I ] PP 149
[ = =] o] W o =T o 1T < o =T o = 149
Detection of cocaine molecules by nanoparticle-labeled aptasensors........c.ccccovviiiiiiiiiiiiinninnnns 149
Nanosensors for glucosSe MONITOMNG . ..uvieiiieiiii e aeaas 149
Microneedle-mMoUuNted DiOSENSOr ... .. ittt et eas 150
(@] 0]uTer=1 I a1 o =] o T-To] ST 150
[ LTl g =T g Lo T =] g o 150
INANOSRHEI DIOSENSOIS ...ttt et ettt et ettt et ettt ettt ettt e et e e aeaenns 151
Plasmonics and SERS NANOPIODES .........ouiuieiii i eeneens 151
Novel optiCal MRINA DiOSENSON . .......ueeeeii et eeeens 152
OPLONANOGEN DIOSEINSOI ...eeeeeaeis ettt ettt et ettt aaaenenens 152
Surface plasmon resonance tECANOIOGY ........c.uuiuiuii e 153
Surface Enhanced Micro-optical FIUIdIC SYStEMIS ........vuvuiiiiiiiiiie e 154
Nanoparticle-enhanced sensitivity of fluorescence-based bioSENSOrsS...........ccccvvevuvieinnnnn. 154

N T Le X T i o 1o 1= T o Yo PP 154
Nanowire biosensors for detection Of SiNGIE VIFUSES ...........cccvuieiuieininiiiiiiiiiiiiiiiiieieieneens 155
Nanowires for detection of geNEtiC diSOIUEIS . .......uuuuii it ieaaaaeaa, 155
Nanowires biosensor for detecting biowarfare agents.........c.coveuiiiiiiiiiiiiiiiiiiiiiiienenenens 156
Concluding remarks and future prospects of Nnanowire bioSENSOIS.........ccuvuveiiiieiiieinannnnnns 156
Nanoscale erasable biodetECtOrS . ..uuiii i e 156
Future issues in the development of NANODIOSENSOIS ....civiiiiiiii e 157
Applications of NaNO0diagnNoOStiCS...ciciiiiiiiiiiiiiiirrs s s 158
Nanotechnology for detection of DiOMaArkKers ......couiiieiii i eeas 158
Nanotechnology for genotyping of single-nucleotide polymorphisms ........cccooiiiiiiiiiiiiiininnns 159
Nanoparticles for det@Cting SINPS..........u.u ittt ettt ettt e e taseaaaeanans 159
IWETgloTolo g =100 fo) gl [=1x=Toln 1 g le MY A o T PPN 159
Nanobiotechnologies for single molecule detection .......co.iiiiiiiii s 160
Protease-activated quantum dot Probes .......ccuiiiiiiiiii 160
Labeling of MSCS With QDS ... uiuiiiiieiii it r e e et e e e e e e e e aneneans 161
Nanotechnology for detection Of CaNCEr ....viuiiiiii s 161
Dendrimers for sensing cancer Cell @POPLOSIS ........uuuiueieiiiiiee sttt easeaaaeanans 161
Detection of Circulating CaNCEIr CEIIS ......u.uiue ettt ettt aaaeanans 162
Differentiation between normal and cancer cells by Nan0SENSOrS........c.ccuviveiiiieisiieisiininnns 162
Gold nanoparticles for CAnCer di@gNOSiS. ... ... ettt sttt ettt easeaaaeanens 162
Gold nanorods for detection of metastatic tumor CellS...........covuiiiiiiiiiiiiiisiiiiiiieenns 163
Implanted magnetic SENSING FOr CANCEI ... .uie ittt ettt ettt et ieaaeaeaaas 164
Nanoatomic tubes for detection of cancer Proteins .........cuuveuiiiiiiiiiiiiiiiiiaiiiasiiaieanans 164
Nanobiochip sensor technique for analysis of oral cancer biomarkers...............cccccceuiuinnn. 165
Nanodots for tracking @apOPLoSIS iN CANCEL .......uuiiies ittt ettt ettt aeseaaaeanens 165
Nanolaser spectroscopy for detection of cancer in single cells ............ccccuvvviiiiiiiiiiinnninnn, 165
Nanoparticles designed for dual-mode imaging of CANCEr ........c.cuiveiiiieiiiiiiiiiiiiiiiiaieinans 166
Nanotechnology-based single molecule assays fOr CANCEr..........cuvuvueuiisisisiseseneniininininnnnns 166
(001 fo] s [=]x=Totn (o] s Ie) A a0 g s Lo ¢ RN P 167
QD-based test for DNA MELNYIGtION .........c.uuiiiiiii sttt ettt et e e aiaaeaaens 167
Nanotechnology for point-of-care diagnoStiCS ....vuvuviiiiiiiii e eas 167
Nanotechnology-based biochips for POC di@gnOSiS.........uuuuuuiuiusisisiiiisesenenenannnnnnnnenenens 168

I\ Elgle]olgolol= 08 (o) gl = @10 |- Te [ Lo Xy K 168
Carbon nanotube transistors for genetic SCreENING .........uuiieieiiiiieieieseseseneneaaiaineaenenens 168
POC monitoring of vital signs with NANODIOSENSOIS ........c.vuiriiiiiiiiiieiisessisaeeeaeaeaenenens 169
(D] w=Toiu o] o) VAT U 1] PP 169
Cantilever beams for detection of single virus particles .............ccovviiiiiiiiiiiiiiiiiiiiiiiinans 169
Carbon nanotubes as biOSENSOIS fOr VIFUSES .........cuiuieiiiiiii i 170
Electric fields for accelerating detection Of VIFUSES ..........ccouiiiuiiiiiiiiiiiiiiiiiiiiaieiaeienaaas 170
QD fluorescent probes for detection of respiratory viral infections ...............ccccevviivinnnnn. 170
Verigene SP RESPIratory VirUS ASSAY .......euieiui ettt ettt aeaaeeaes 171
Surface enhanced Raman scattering for detection Of VirUSES............cccviiiiiiiiiiiiiiiiiinainnnn. 172
Detection Of DaCLrIa . .ue e 172
QDs for detection of bacterial INfECEIONS .......uiuei ittt et et aaaeanes 173
SEnsing of Phage-Triggered Ion Cascade for detection of bacteria..............cc.ccvvviininan... 173
[D=] w=Toiu o] o) il { U1 o o | RN PP 173
Nanodiagnostics for the battle field and biodefense ..........cooiiiiii s 174
An integrated NANODIOSENSON ..... ... et 174
Nanodiagnostics for integrating diagnostics with therapeutics ... 175
Companies involved in nanomolecular diagnostics .....ciciciiiiiiriririi 175



5.

o

Concluding remarks about nanodiagnostiCs........cuciimiiirrsrsrirsri 178
Future prospects of Nnanodiagnostics .......ccciimiiiiiririririi 178

Nanobiotechnology in Drug Discovery & Development ..........ccccve0eee. 181

B0 e o 1T T ot o] 181
Nanobiotechnology for drug diSCOVery.......ciciimirrrariririrarssssirr s snnnns 181
Nanofluidic devices for drug diSCOVEIMY ...ttt e eeans 182
Gold nanoparticles for drug iSCOVETY .....uuiuiuiuisieitiiiiiieee s s s eees 183
Tracking drug mMoOIlECUIES iN CEIIS..........c.ureiiiiiii e 183

SPR with colloidal Gold PArtiClES ............vuiuiuiriii i 183

Use of quantum dots for drug diSCOVEIY ......iuiuiiiiiiinirirrr s e e as 183
Advantages of the use of QDS for drug diSCOVEIY ........vvuiuiuiiiiiiiiiiiiiiiiiiiiiiiinnaiaeans 183
Drawbacks of the use of QDS for drug diSCOVEIY ........ouuiiiiiiriniiiiiiiisiiiiiaiaiaiaiaiesinenenens 184
Quantum dots for imaging drug receptors in the brain ............cccovviiiiiiiiiiiiiiiiiiiiiiiieanns 185
Lipoparticles for drug diSCOVEIY .....uiuiuiuiiiiiiie e e e e e e e aenenes 185
Biosensor for drug discovery with LipopartiCles .............cooueiiiiiiiiieiiiiiiiiiiiiiiiiiiiiiiiieieens 185
MagnetiC NANOPAITICIES @SSAYS «.vuuueeieie ittt e e e e e e e e e aeas 186

I Tel=1 TSI (oY e I U o s [T lo 1Y/ =T o VPP 186
Nanolasers for Arug iSCOVEIY ...t ittt et e e e et a et e et e e e eneeanenens 186
Analysis of small molecule-protein interactions by nanowire biosensors .............ocooviviiiiiinns 187
Cells targeting by nanoparticles with attached small molecules ..........ccviiiiiiiiiiiiiiic s 187
Role of AFM for study of biomolecular interactions for drug discovery ..........cccoevviiiiiiininnns 187
Nanoscale devices for drug AiSCOVEIY ...ttt ea e aeneans 188
Nanotechnology enables drug design at cellular [@Vel.........oiuiiiiiiiiiii e 189
Nanobiotechnology-based drug development ........c.ciciiririririiiiiir e 189
(D) T ol [ 1o [=T == T-a [ U Lo [ PSPPI 189
Fullerenes as drug Candidates . .uuu i e 190

LAV E= T o o o o 1= PPN 191
Role of nanobiotechnology in the future of drug discovery .........cociimimirarararararain.. 192
Companies using nanobiotechnology for drug diSCOVery.....c.ciaririririririnininmnmmresrrarararnanes 192

Nanobiotechnology in Drug Delivery......ccvicivimsmsssmssssssssssssnsssnsssassns 195

B 00 e ¢ 1T ot o T 195
Ideal properties of material for drug deliVErY ....ouiiieii e 195
Improved absorption of drugs in nanoparticulate form .......ccoviiiiiiii 195
Interaction of nanoparticles with human blood ..o e 196
Micronization versus nanonization for drug delivery .....coviiiiiiii 196
Nanoscale devices delivery of therapeuULiCS ....o.iiiiiiiiii s 196
Nanobiotechnology solutions to the problems of drug delivery ......cccooiiiiiiiiiiiiins 196
NanosUSPENSION fOrMUIAtIONS ...u.uie i et eaeaas 197
Nanotechnology for solubilization of water-insoluble drugs .........ccoviiiiiiiiiiiii s 197
Self-assembled nanostructures with hydrogels for drug delivery .......ccoviiiiiiiiiiiiiiiiinieees 198
Nanomaterials and nanobiotechnologies used for drug delivery .......cccoviiiiiiiiiiiiiiic s 198

Viruses as nanomaterials for drug delivery....c.cciiiciiiirisinssiarsrsssssssss s ssssassssassnsassnsanss 199

Bacteria-mediated delivery of nanoparticles and drugs into cells ........ccccvcmiiiemircnnrnnanan 199

Cell-penetrating peptides.....c.cciciiiiiiriiirire s s s s s s s s s s s s ra s nmrnnnnnnnnns 200

Nanoparticle-based drug deliVery .c.ciciciireririir s s s s s s s s s s ssnsasnnsassnnnns 201
Calcium phosphate NaNOParTiCIES ... e e e e e aeans 201
(@ [u{o] a1 [l T=1 Lo = o f o] [T PPN 201
(O1=] o= Yo g1 [ol g T=Ta ] o =] Lol <=3 PPN 202
Cyclodextrin nanoparticles for drug deliVEry .....o.ie i e ee e 202
Dendrimers for drug AelIVEIY ... e e e e e e e e e e e e e nenanns 202

DNA-assembled dendrimers for drug AEIIVEIY ........uuuweweeiiiieeiete et aaeaaaenenens 203
Fulleres for drug AelIVEIY ... e e s e e e e e e e e e eneennnenns 204
AMPhiphilic FUlEreNE AEIIVALtIVES ...ttt ettt ettt et ieaaeiaes 204
Fullerene conjugate for intracellular delivery of peptides ...........cccuveiviiiiiiiisisiiiiiinininininnns 204
Gold Nanoparticles @s ArUg CAITIEIS ...t e e e e s e e e e e e ra e e raeeaaanens 204
Layered double hydroxide NanopartiCles.......ovuiiiiii i e es 204
Nanocomposite membranes for magnetically triggered drug delivery.......c.coooiiiiiiiiiiiiiiinnnns 205
[N E= LYo Tl V2] = £ PP 205
INGNOCTYSEAIING SIIVEI ...ttt et et ettt ettt ettt ettt aeeieeaaaanaanes 205
Elan's NanoCrystal teCANOIOGY ........eueniee e 206
0= 1 Lo BN = (o g KL= I ) 4 L=1 1 PP 206
[NV E=T gL Yo N =T 0 0o T =P 207
POlYMEr NANOPAITICIES ..neieie ettt e e et e e eas 208
Biodegradable PEG nanoparticles for penetrating the mucus barrier...............ccocovivinininan. 208
PLGA-based nanodelivery teCANOIOGIES ..........ouiuiuiniiiiiiisiiisisisii e 208
POIYMEIIC MUCEIES ...t ettt ettt et e e e eeans 209
Chit0SaN NANOPAITICIES ... e ettt ettt ettt e e aeaeaneas 209
(@15 138 {o] e Lati o e (=1 1Y 7= o PPN 210
Special procedures in nanoparticle-based drug delivVery ........coooieiiiiiiiiii s 211

-8-



Coated nanoparticles for penetrating cell membranes without damage ............................ 211

Combinatorial synthesis of nanoparticles for intracellular delivery...............cccccovviieiiiieinan. 211
Drug delivery using “Particle Replication in Nonwetting Templates” ............cccoevvvivivinenenan. 211
Encapsulating water-insoluble drugs in Nanoparticles...........c.ovovoviviiiiiiiiiiiiiiniiiiiiinininans 211
Filomicelles vs spherical nanoparticles for drug delivVery .........c.coovoiiiiiiiiiiiiiiiiiniiiiiiinininans 212
FIash NanOPrecCiDitation ...........c.uuuuiiiiii et e e eeeens 212
Magnetic nanoparticles for drug deliVery ...........cuouiiiiiiiiisiiiri e 213
Nanoparticles bound together in spherical Shapes ..........c.ccvvviiiiiiiiiiiiiiiiiiiiiiiiiisiieens 214
Perfluorocarbon nanoparticles for imaging and targeted drug-delivery ............ccccccvvvinenan. 214
Prolonging circulation of nanoparticles by attachment to RBCS...........ccvcuviiiiiiiiiiniiiinninnnn. 215
Self-assembling nanoparticles for intracellular drug delivery ............cccocovviiiiiiiiiiiiininininan. 215
Trojan NANOPAITICIES .......veeeii ittt 215
Therapeutic protein delivery from nanoparticle-protein complexes..............cccccvvuiiiiiniinn. 216
Triggered release of drugs from nanoparticles ..............coovivoiiiiiiiiiiiiiiiiii e, 216
I T 5 T T o T 1 = 217
(2 EY oo ] i (1070 o] o o [= TS PP 217
Stabilization of phospholipid liposomes using NanNopPartiCles .........cooeveiiiiiiiiiiiii s 217
[ To]Te M o F-Ta o] o 1= d ol [T PP 217
Applications of lipid NANOPAITICIES...........ouiniiie e eaeaees 218
Polymerized Liposomal NanopartiCle .............co.uuuueiiiise e 218
S01id lipid NANOPAIEICIES ... e et 219
W7ol Te B g F-Ta o Tor= T o 10| [=T- PP 219
Lipid emulsions with N@noPartiCles ...... ..o e 219
N ETale1S d gUTei (8] =Ye o] e F=] a o] [=] - PP 220
Limitations of liposomes for drug delIVEIY ....couiiieiiii e eeas 220
Liposomes incorporating fUllErENES........c.ouiniii e e aeees 221
FNg=To] gTo] (oY e}=YoT 1 4 =T3P 221
Liposome-nanoparticle NYDrids ........oeieieini e 221
= 10 e T = 222
Nanogel-liposome COmMbBINAtION .. ....eieie e aenas 222
)= 10 e = 51 = =
Nanosphere protein cages....
Nanovesicle technology for delivery of peptides ......ccccviiriiirirrnira s s aras 223
= 0 e T T o T 223
Carbon nanotubes for drug deliVery ... e 224
Lipid-protein nanotubes for drug deliVEry ... 224
Halloysite nanotubes for drug deliVEIY ....ouiiieii e eeas 225
)= 3 e oo Yo 11 1= = 226
Nanobiotechnology and drug delivery deviCes .......cucimrmimramrersmserssssssrsssssasssssssssssnsnsnnsnns 226
Coating of implants by ultrafine layers of polymers ......covuiiiiiiiiii e 227
N ETaTeRT=Ta or=] o 1Y U] F=1 o] o PP 227
POlYMEI NANOCONTEAINEIS .. s.ess ittt ettt et e et ettt ettt et e et e et e e taseataaeanans 228
Nanotechnology-based device for insulin deliVery .......ciuiiiiiiii s 228
Mirocontainer delivery systems for cell therapy ...o.ovveiiiiii s 228
Nanoporous materials for drug delivery deviCes .....ccvuiiiiiiiiiiii s 229
Nanopore membrane in implantable titanium drug delivery device .............ccvveviiveiiiieinn. 229
Measuring the permeability of NANOMEMBIANES .........cvuiiiiiiiiit ittt etaeetaieaaaeaaans 229
Nanovalves for drug AeliVEIY ... e e eaas 230
IV E=YaloTel a1 o =3 o] e [ 8L Ia 11 1LY PPN 230
Nanobiotechnology for vaccine delivery.....cccicvrarerarararrrsssrsssnsssssssssasasasasasasasasssassssssnnnnns 231
Bacterial spores for delivery of VaCCiNgS ... ..iuiiiiiiiiiiii i eas 231
N ETale] s =Yg ol [T CeT ol 1\ NV Z- [l ol o 1= PP 231
Nanoparticle-based adjuvants for VACCINES ......vuvviiiiiiieeer e e e e nenas 231
Nanospheres for controlled release of viral @ntigens ........vvveveiiiiii e 232
Proteosomes™ as vaccine delivery VENICIES ... .o e 232
Targeted Synthetic Vaccine Particle (tSVP™) technology .....ccouviiiiiiiiiiiii e 232
Nanobiotechnology for gene therapy ......cccuiiiiiiiiiiiisrc i s s s s s 233
Nanoparticle-mediated gene therapy ......ccoe i 233
Calcium phosphate nanoparticles as NoNViral VECEOIS .......c.vuuuueiieiiiiiiiiiiiiiiieaieeiiaiaaaa, 234
Carbonate apatite nanoparticles for gene deliVery ..........oouuiiiiiiiiiiiiiieiiecie i 234
Gelatin nanoparticles for GeNe AEIIVEIY .........o.e i 235
Immunolipoplex for delivery Of P53 GENE ..o 235
Lipid nanoparticles for targeted delivery of nucleic acids ............cccoovviiiiiiiiiiiiiiiiiiiiiinans 236
Nanoparticles for imaging and intracellular delivery of nucleic acids.................c.c.cccoovieinnn. 236
Nanoparticles linked to viral vectors for photothermal therapy ........c.c.cvveiiiiiiiiiiiiiiinnnnns 236
Nanoparticles for p53 gene therapy Of CANCEN ........uu i eee 237
Nanoparticles with virus-like function as gene therapy VecCtors..........cccoovviiiiiiiiiiiiiiniinn.. 237
Nanobiolistics for NUCIEIC aCid AEIIVEIY ........o.eeiei e 237
Silica nanoparticles for Gene deliVEry ........ooouviiiiiiiiiiiisisrs 238
Targeted nanoparticle-DNA delivery to the cardiovascular system ...........c.c.cccccvvviiiiinians, 238
Dendrimers for GeNE TranS er. .. ... as 239



DNA-PEG compleXxes @s NanOPartiCles ... .uuuiuiiiiiiiiit ittt e e e e e e e e e e e e naeanaens 239

Compacted DNA NanOPartiCles ... 240
Cochleate-mediated DNA deliVEry ....ciiiiiiiiiiiii e 240
N ETale] goTe e I=Ta [- IR aT=T =] 0 )V PP 241
N E=T gL e [=] ke 1= o TV =Tol o ] PP 241
Nanomagnets for targeted cell-based cancer gene therapy........cooiiiiiiiiiiiiiiicnc 242
NanoNeedles for delivery of genetic material into cells........ovviiiiiiiiiiiiii s 242
Nanomachines for gene deliVEIY ....ouiuieiiiiiii e 242
Application of pulsed magnetic field and superparamagnetic nanoparticles .............oooeviininnns 242
Nanocomposites for gene therapy ....o.oveiiiiii 243
Nonionic polymeric micelles for oral gene delivery ......ocviiiiiiiii s 243
Nanocarriers for simultaneous delivery of anticancer drugs and DNA ..........cccovviiiiiiininnnnns 243
Nanobiotechnology for antisense drug delivery .....cccciiririririiiiiii s 244
ANTISENSE NANOPAITICIES L. uintieiti i et e e e e et et e e e e e ra e 244
Dendrimers for antisense drug deliVEIY . ...t eaas 244
Polymer nanoparticles for antisense delivery System .......ccveieiiiiiiiiiii 245
Nanoparticle-mediated siRNA delivery.......cociciiirirsrinnrsrsnissssr s snnnns 245
Chitosan-coated nanoparticles for SIRNA deliVEry ..o e 246
Delivery of gold nanorod-siRNA nanoplex to dopaminergiC NEUIONS .......c.vuvuvuiuenineierenerernannss 246
Polymer-based nanoparticles for SIRNA deliVEry ......ovuiiiiiiiiii e eas 246
Polyethylenimine nanoparticles for SIRNA deliVEry .........cccuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieneens 246
SIRNA-PEG nanoparticle-based deliVEery ..o 247
Polycation-based nanoparticles for SIRNA deliVery ...........cuiriiiiiiiiiiiiiiiiiaieiiiiieieaeens 247
Calando's technology for targeted delivery of anticancer SIRNA ..........cccviiieiiiiiiiiiiininninnn, 248
Delivery of SIRNA by Nan0Size [IPOSOMES .....uit ittt e eneaas 248
Quantum dots to MonNitor RNAI AeIIVEINY ...t e e e aaens 248
Nanobiotechnology-based drug delivery in CanCer.....c.ciciiririririmisisisieiesrararararasasasssnsnsnnn. 249
Nanoparticle formulations for drug delivery in CaNCer ........oveieieieiii e 250
Anticancer drug particles incorporated in liPOSOMES..........cuuuiiieeiiiiiiii it eieaaeianns 250

(0] = e g L= P 251
Encapsulating drugs in hydrogel N@nopartiCles .............couu i iriiiiieiis i 252
0 =70 1= 253
Folate-liNKed NANOPAITICIES ........c.eieee ittt ettt ettt ettt et ta s eaaaeanens 253
Iron OXid@ NANOPAITICIES. ... .. ettt ettt ettt ettt et a e eaaaaeaeas 253
] (e oX-10=Te Ms - Tg o lor I g [=] o= RO OO 254
Micelles for drug deliVEry [N CANCEI .........uue ettt ettt ettt ettt aseeaaeanens 254
Minicells for targeted delivery of nanoscale anticancer therapeutics ..............ccccuvuveiiiininn. 256
Nanoconjugates for subcutaneous delivery of anticancer drugs ..........ccccuvuieiiiieiiieisanninans 256
Nanomaterials for delivery of poorly soluble anticancer drugs ..........c.ccouiiieiiiieiiieiinnninnn, 256
Nanoparticle formulation for enhancing anticancer efficacy of cisplatin............................. 257
Nanoparticle formulations of PACHEaXEl..........u.euiiiii ettt seiaaeaens 257
Nanoparticles containing albumin and antisense oligonucleotides ...............c.ccccuviveiiiieinnn, 258
Non-aggregating NANOPAITICIES .........uiue ettt ettt et e e aseaaaeanens 258
Pegylated nanoliposomal fOrmuUIAtION ..............uuiiiei ittt aiaaaaaens 259
Peptide-linked Nanoparticle dElIVEIY ..........uuuu ettt ae s aiaaeaeas 259
Poly-2-hydroxyethyl methacrylate NanopartiCles ............c.uuuveeuiiiiiiiiiiiiiitiieieiiesiiaieaaans 259
Polypeptide-doxorubicin conjugated NanopartiCles...........cuouveuiiiiiiiiiiiiiiiiiiiiiaiiiaieanans 260
Protosphere nanoparticle t€CANOIOGY .......c.euieieiie ittt eaaeaaens 260
Zinc oxide nanoparticles for drug delivery i CANCEI.........uuuuisisisesiseseieieeeeeenieenensn 261
Nanoparticles for targeted delivery of anticancer therapeutics .........cooviviiiiiiiiiiiinineens 261
Canine parvovirus as a nanocontainer for targeted drug delivery.............cccovveveieieinininnns 262
Carbon magnetic nanoparticles for targeted drug delivery in cancer ..........ccccccveveiiniinns 262
Carbon nanotubes for targeted drug delivery to cancer CellS...........couvuiiiiiiieneneininiininnns 262
Cyclosert system for targeted delivery of anticancer therapeutiCs..............c.ccevvevuiinininans 263
DNA aptamer-micelle for targeted drug delivery in CAnCer.........c.cuvuiueiiisisiseseienainininenennns 263
DNA aptamer-micelle for targeted drug delivery in CAnCer...........cuvueueiiesesisesiseniininininennns 264
Fullerenes for enhancing tumor targeting by antibodi€s .............c.cccviiiiiiiiiiiiiiiiiiiiiinans 264
Gold nanoparticles for targeted drug delivery in CANCer.........c.cccoviiiiiiiiiiiiiiiiiiiiiieans 264
Lipoprotein nanoparticles targeted to cancer-associated receptors...........cccovvvveiiieiiiennan. 266
Magnetic nanoparticles for remote-controlled drug delivery to tumors..............c.cccceeviennn. 266
MeSOopPOrous SiliCa NANOPAITICIES ........ee ittt et ettt ettt aieeieaanaanes 267
Nanobees for targeted delivery of cytolytic peptide melittin ............ccocoveiiiiiiiiiiiiiiiiiian. 267
Nanovehicles for targeted delivery of paclitaxel...........cooviuiiiiiiiiiiiiiiiiiiiiie i 267
Nanocell for targeted drug delivery t0 tUMOL ........ccuiuieiiii e 268
Nanodiamonds for local delivery of chemotherapy at site of CANCer ............cccuvevieiiininnnnn. 269
Nanoimmunoliposome-based system for targeted delivery of SIRNA.............cccccvviiinian... 269
Nanoparticle-mediated targeting of MAPK signaling pathway ............cccooviiiiiiiiiiiiiiiniinn.. 270
Nanoparticles for targeted antisense therapy Of CANCEr ...........ccvvviiiiiiiiiiiiiiiiiii e, 270
Nanoparticles for delivery of suicide DNA to prostate tumors ...........ccccvvviiiiiiiiiiiiiiiiniann. 270
Nanoparticles for targeted delivery of concurrent chemoradiation...............c..ccccieviiiiinn... 271
Nanoparticle-based therapy targeted to cancer metastases ..........ccvvvieiiiiiiiiiiiiiiiiiiinainnnn. 271

-10 -



Nanostructured hyaluronic acid for targeted drug delivery in cancer .............cccoceuviiinininan. 271

Polymer nanoparticles for targeted drug delivery in CanCer..........c.coouuiiiiiiiiiiiiiiiiiiinnannnn. 272
Polymersomes for targeted cancer drug deliVEry ..........ccuuiiiuiisiniiiiiiiiiiiiiiiiiiiiiiiininenens 272
Quantum dots and quantum rods for targeted drug delivery in cancer ...........c.ccccovevuinnn. 273
Remote controlled drug delivery from magnetic nanocrystalS.............cccovvviiiiiniiiiinininanan. 273
Targeted delivery of nanoparticulate drugs into lymphatic System ............cccovviiiiiiiiininann. 274
Targeted drug delivery with nanoparticle-aptamer bioconjugates ..............cccccvviieiiinninnns 274
Dendrimers for anticancer drug deliVEry ... 275
Application of dendrimers in boron neutron capture therapy ...........cccovviiiiiiiinininiiiininins 276
Application of dendrimers in photodynamic therapy ..........c.cuouiiiiiiiiiiiiiiiiiiiiiiiiiiiiiainen 276
Dendrimer-based synthetic vector for targeted cancer gene therapy...........cccoceevviiiininanan. 277
Poly-L-lysine dendrimer as antiangiogenetiC @gent ...........cccvvvviiiiiiiiiiiiiiiiiiiiiiiiineans 277
Devices for nanotechnology-based cancer therapy .......cocvviiiiiiiiii 278
Convection-enhanced delivery with nanoliposomal CPT-11 ........ccccoviiiiiiiiiinininiinininininins 278
NANOCOMPOSIEE AEVICES ... .o ettt ettt e eeens 278
Nanoengineered silicon for brachytherapy .........ccooviiiiiiiiii e 278
Nanoparticles combined with physical agents for tumor ablation ..........cccovviiiiiiiiiiii s 279
Boron neutron capture therapy using NanopartiCles ............coouueiiuieiiiiiiiiiiiiiiiiiiiaaaiennn, 279
Laser-induced cancer destruction using nanoparticles ............c.c.cooueiiiiiiiiiiiiiiiiiiiiiininenans 279
Thermal ablation using NANOPAITICIES ..........ouiuiu i eeeae 281
Thermosensitive affibody-conjugated lIDOSOMES...........ouiuiiiiiiiiiiii e 282
Ultrasound radiation of tumors combined with nanoparticles............c.c.cccveiiiiiiiiiiiiiiiianann. 283
RNA nanotechnology for delivery of cancer therapeutiCs .........coveiniiiiiiiiii s 283
Delivery Of SIRINAS fOI CANCEI ....... .t ettt e ettt a e eaenens 283
Nanocarriers for simultaneous delivery of multiple anticancer agents.........c.cocovviiiiiinnnns 284
Nanotechnology-based drug delivery to the CNS .......c.ciciiriiiiiiiiirs s 284
Nanoencapsulation for delivery of vitamin E for CNS diSOrders ......ccovvuviiiiiiiiiiiiiiiieiiienens 284
Nanoparticle technology for drug delivery across BBB ..........c.ouiuiiiiiiiiiiiire e 284
Delivery across BBB using NanoDel™ teChNOIOGY .........uuuueuiriniiiiieiieseseieiieaeaeenens 285
NanoMed technology to mask BBB-limiting characteristics of drugs ...........c.cccveveviininnnins 286
Nanovesicles for tranSport @CroSS BBB ..........c.c.e e eaeaenens 286
Nanotechnology-based drug delivery to brain tuUmors .......ccviiiiiiiii s 286
Multifunctional nanoparticles for treating brain tUmMOIS.........c.vvveiiieiiiiiiiiiiiiiiaiiiaieanans 286
Nanoparticles for delivery of drugs to brain tumors across BBB............cccuviiiieiiiiiininninnn, 287
Nanoparticle delivery across the BBB for imaging and therapy of brain tumors ..................... 288
Intravenous gene delivery with nanoparticles into brain tumors .............c.ccccviviiieiiiinninnnn. 288
PLA nanoparticles for controlled delivery of BCNU to brain tUmors ............ccccouveiiiieiniennnn. 288
Nanoparticles as nonviral vectors for CNS gene therapy ....ccvveeiiiiiiiiiiiiiiii s eas 289
Silica nanoparticles for CNS gene therapy ........ueuuie ittt ieaaaaeaaa, 289
Cationic lipids for CNS GeNE thEIapy .......uiueei ittt sttt ettt et a e te s aaaeanens 289
Polyethylenimine-based nanoparticles for CNS gene therapy ........ccccuvuveiiiiiiiiiiiiiieiinnennnn, 289
Dendrimers for CNS GENE thEIaP Y .....uuuueie ittt ettt ettt et et seaaaeanens 290
Carbon nanotubes for CNS gENE tREIADY .......u.euiisiiei ettt e easeaaaeanens 290
Nanotechnology-based devices and implants for CNS ..o 290
Nanoparticle-based drug delivery to the INNer @ar .......ccoviiiiiiiiii s 290
Nanobiotechnology in cardiovascular drug delivery .....ccciciiiemiirirssrrsrs s ssssasnasas 291
Liposomal nanodevices for targeted cardiovascular drug delivery .......cccoooviiiiiiiiiiiiiiiiiinens 291
Drugs encapsulated in biodegradable nanoparticles .............ccuouveiiiiiiiiiiiisiiiiiiiiiiiianeinnns 291
Controlled delivery of nanoparticles to injured vasculature .............ccccuvuieieseseneneininininnnnns 292
Nanotechnology-based drug-eluting StentS.......coieiiiiii s 292
Drugs encapsulated in biodegradable nanoparticles .............ccoovviiiiiiiiiiiiiiiiiiiiiiiiienans 292
Magnetic nanoparticle-coated DES ... 293
Nanopores to enhance compatibility of drug-eluting Stents............cc.ccvvveiiiiseseneneininiinannns 293
Paclitaxel-encapsulated targeted lipid-polymeric nanoparticles.............cccovvevviiiiiiiaiennan. 293
Low molecular weight heparin-loaded polymeric nanoparticles..........ccooviiiiiiiiiiiiic s 294
Injectable peptide nanofibers for myocardial iISchemia .......covvviiiiiiiiii e 294
Nanotechnology approach to the vulnerable plaque as cause of cardiac arrest ...................eet 294
Nanobiotechnology-based transdermal drug delivery......c.cccviiiiiiiicniisire s e 295
Delivery of nanostructured drugs from transdermal patches ... 295
Ethosomes for transdermal drug delivery ... e 296
NanoCyte transdermal drug delivery SYStem .. ...couiiiiiiii e eas 296
Nanoparticles for targeted therapeutic delivery to the liver......c.cociiiiiiiniicniicinine 297
Nanoparticles for pulmonary drug delivery ......cccucuiiiiciiireire s s na s 297
Systemic drug delivery via pulmonary FOULE .......oueiuiiiiiii e e e e 297
Nanoparticle drug delivery for effects on the respiratory system ........ccoooiiiiiiiiiiiinns 298
Fate and toxicology of nanoparticles delivered to the lungs .........ccooiiiiiiiiiiii 298
Nanoparticle drug formulations for spray inhalation ..o 298
Inhalation of glucose-sensitive nanoparticle for regulated release of insulin..............c....coeeees 299
Pulmonary drug delivery by surface acoustic wave technology ........cooeiiiiiiiiiiiiiiieens 299
In vivo lung gene transfer using compacted DNA nanoparticles........c.coviiiiiiiiiiiiiniie s 299
Nasal drug delivery using nanoparticles ......c.ciciciiiirininininnn s s 300

-11 -



Mucosal drug delivery with nanoparticles ......c.ciciiiiiirininii 300

Companies involved in nanobiotechnology-based drug delivery .........ccoviiiiiimieinnnanna, 301
Future prospects of nanotechnology-based drug delivery..........ccocvimimirrarsnarsniinn. 304
Nanomolecular valves for controlled drug release........coviviiiiiiiiiiiiii s 305
Nanosponge for drug deliVEIY ......iu i 305
Nanomotors fOr drug deliVErY ... 305

Clinical Applications of Nanobiotechnology...........c.ccvcrimvermserinsesinnans 307

B0 o T LT ot e o T 307
L) = T 0T 0 1= 1Tt 5 = 307
Clinical NanodiagnosStiCS....cuiuiiiirrririrera s 308
N E=Ta Lo RT=Ta e [o1-Telo] o ) A PP 308
Application of nanotechnology in radiology .....cviuiiiiiiiii e 309
High-resolution ultrasound imaging using NANOPArtiCIES .........ouveieiiiiiiiii s 309
Nanobiotechnology in tissue engineering ......cccicvereririririririrsrrr s 310
Nanoscale surfaces for stem Cell CUITUIE ......uirii e as 310

3D nanofilament-based SCaffOldS.......uuuieiii i e 311
Electrospinning technology for bionanofabrication ............coiiiiiiiiii s 311
Nanomaterials for tiSSUE ENGINEEIING .. . uiuieii it e e aenes 312
Carbon nanotubes for artifiCial MUSCIES ...........ccoueei e aeeaeas 312
Nanofibers for tissue engineering of skeletal MUSCIE .............c.covviiiiiiiiiiiiiiiiiiiiiiiiieens 312
Nanobiotechnology combined with stem cell-based therapies .......c.ccccviiiiiiiiiiiiiins 313
Nanomaterials for combining tissue engineering and drug delivery .........cccooviiiiiiiinininnennnnnns 314
Nanobiotechnology for organ replacement and assisted function ........ccccverieverirerirernana 314
Exosomes for drug-free organ transplants .. ..o e iiiiiii e 315
Nanobiotechnology and organ-assisting deViCeS ....o.ivuiiiiiii e 315
Nanotechnology-based human nephron filter for renal failure .......ccoooiiiiiiiiiiiis 316
Blood-compatible membranes for renal dialySiS.......coviiuiiiiiiii 316

L) T 0T U e 1= 317
a1 =L U g 4= Y Lo I T =10 e 1= 2P 317
Nanotechnology for hemostasis dUrNG SUIGEIY ........u e eaeaeaenens 317
Minimally invasive surgery Using Catheters .. ....oviuiiiiii e 317

LAV E= T o oo o) ot PPN 318

N ale I oY [ YT o U] e 1= Y PP 318

L) T XY Lol 1 U Y )V 319
Nanobiotechnology for early detection of cancer to improve treatment ..........ccooviiiiiiiiiiinnnns 319
Impact of nanotechnology-based imaging in management of cancer.........cocvvviiiiiiiiennnnens 320
Cornell dots fOr CANCEr IMAGING .........uiue ittt ettt et ettt ettt e et e teseanaaeanans 320
Nanoparticle-MRI for tracking dendritic cells in cancer therapy.........cccccouviveiiiiiiiieinneinnn, 320

W ETsloloF: Iga el (=L O BN-Ter- 1o F PPN 321

QDs aid lymph node mMapping iN CANCEL .......uuuiies sttt ettt et ataseaaaaeanens 321
Nanosensor device as an aid t0 CANCEIr SUIGEIY .....uuuiueiuiiiiieit it e et etate et eteseaeseaaneanans 322

Role of nanoparticle-based imaging in oncology clinical trials...............ccovviiiviiiiieiinnannnn, 322
Nanoparticle-based anticancer drug delivery to overcome MDR......c.cocoiiiiiiiiiiiiiiiinienneneas 322
Anticancer effect of NANOPAITICIES ... .iiu i i 323
Antiangiogenic therapy using NANOPAIrtiCIES ..........c.euuiiieiiiiiie et eieaaaiaas 323
Cytotoxic effects of cancer NANOPAITICIES ..........uuiueieiei ittt seaaaeaans 323
Nanoshell-based CANCEIr tREIAPY .....u.uire ittt ettt et et aseaaaeanens 323
Nanoshells for thermal ablation Of CANCEI .........ouurereii it ereraaanaeaenens 324
Nanobody-based CANCEr LNEIAPDY .......euesei ettt ettt ettt tataaeaieesaaanaanen 325
Nanoparticles for targeting tUMOrS . ...v e e e e e nenenns 325
Nanocarriers with TGF-B inhibitors for targeting canCer.......coovviiii i 326
[AVE=T oo ToTn 0] o T30 o =1 o ol PPN 326
Combination of diagnostics and therapeutics for CaNCer ......vvvviiviiiieie e 327
Aptamer conjugated magnetic NANOPAItICIES...........oouvuieiiiii s 327
Biomimetic nanoparticles targeted t0 tUMOIS .........cuvuieiiiiiiiie e 327
Dendrimer nanoparticles for targeting and imaging tUmors ..........c.ccooviiiiiiiiiiiiiiieiiaieinans 327

Gold nanoparticle plus bombesin for imaging and therapy of Cancer .............ccccccvvevviennnn. 328

Gold nanorods for diagnosis plus photothermal therapy of cancer ............c.ccccevvvieiiiennn. 328
Magnetic nanoparticles for imaging as well as therapy of cancer .............cccooovveiiiiiiiennan. 328
Nanobialys for combining MRI with delivery of anticancer agents ..............cccccovevivieiiiennn. 329
Nanoparticles, MRI and thermal ablation Of tUMOIS .........ccuueieiiiiiiiii i itiieaieeiiaaaaaa, 329

pHLIP nanotechnology for detection and targeted therapy of cancer .............ccccovveviiennen.. 330

QD conjugates combine cancer imaging, therapy and S€NSiNG..........c.cccovvvieiiiiiiiiiiiianennan. 330
Squalene-based nanocomposites for tumor imaging and therapy ...........c.cccoveviiiiiiinian.. 330
Radiolabeled carbon nanotubes for tumor imaging and targeting..............cccccvveieiiiininan... 331
Ultrasonic tumor imaging and targeted chemotherapy by nanobubbles ............................ 331

A cancer killing device based on NanotechnOolOgy .......ccciuiiiiiiiiii e 331
Bacterial nanorobots for targeting CANCEr ..........cuuuieii i eea 332
Nanoparticles for protection against adverse effects of radiation therapy.........cccooeiiiiiiiinnns 332
Fullerenes for protection against chemotherapy-induced cardiotoXiCity .........cccoveviiiiiiiiininenns 332

-12 -



Role of nanobiotechnology in personalized management of cancer ..........ccovvviiiiiiinnnnns 333

Concluding remarks and future prospects of NANO0ONCOIOGY .....vuiiiiiiiiiiiiii e 333

)= 10 e T 4 =TT o [T 334
Nanobiotechnology for study of the Nnervous System ........ocoiiiiiiiiiiii s 335
Nanowires for monitoring brain activity ...........ccouueiiiiiiiiiiiini e 335

Gold nanopatrticles for in vivo study of neural function ..............ccccovvviiiiiiiiiiiiiiiiiiininnn, 335
Nanoparticles and MRI for macrophage tracking in the CNS............ccooviiiiiiiiiiiiiiiinininenan, 335
Nanoparticles for tracking stem cells for therapy of CNS disorders............cccoccvviiiiinininanan. 336
Nanobiotechnology for NEUrotherapEULICS ... cviuie e eeas 336
Nanowire neuroprosthetics with functional membrane proteins ..............cocovvvviiiiiniiininenan. 336
Nanoparticles for NEUrOPrOtECLION .........o.vuiuii i eeeens 337
Nanotube-neuron electronic iNtEIfaCe ...........ovuiuiiiiii e 337
Nanofibers as an aid to CNS regeneration by neural progenitor cells...............cccccvuviiinanan. 338
Nanoparticles for repair of spinal CoOrd INJUIY ..........cuuuiiiiiiniiii e 338
Peptide nanostructures for repair Of the CINS ..........ouviiiiii e 339
Repair of SCI by Nnanoscale miCelles ............ouuiuiiiiiii e 339
Nanobiotechnology-based devices for restoration of neural function ............cccoviiiiiiinnnns 339
Nanobiotechnology-based artificial F€ting ............ccoveiiiiiiii e 340

N =T aTe T aT=Tu e 18 e =T oY PP 340
FEMUEOIASEr NEUIOSUIGEIY ..eeeeeeeeee e ettt ettt ettt e ettt e e et e e eaeeens 340
NanNOfiber brain iMPIANES .........c.e et 341
Nanoparticles as an aid t0 NEUIOSUIGEIY ........uuiuieiie i eeaeens 341
NaNOSCAffOId fOr CINS FEPD@IN ... .e e ettt neaens 342
Electrospun nanofiber tubes for regeneration of peripheral N€rves...........c.cccccvveveiiiinin. 342
PEBBLES for brain tUmOr tREIAPY .......o.eeeeeeee e 342

BUCKY Dalls fOr Drain CANCEN .........eeeeeee ettt aenenens 343
Application of nanotechnology to pain therapeutics .....c.ccciiriririiiii s 343
Nanotechnology-based management of diabetes.......c.cicririiiiiiiiiiiisrsrssrs s 344
)= 0 e ot T« 1101 o T e 344
Nanotechnology-based diagnosis and treatment .........ccoviiieiii e 344
Cardiac monitoring iN SIEEP @PNE@............uueee et 344

Use of perfluorocarbon nanoparticles in cardiovascular disorders...............ccocueviuiiiiiniinnn. 345
Nanolipoblockers for atherosclerotic arterial plaques........ocvvviiiiiiiiii s 345
IGF-1 delivery by nanofibers to improve cell therapy for myocardial infarction....................... 345
Tissue engineering and regeneration of the cardiovascular system .......c.cocoviiiiiiiiiiiiicnciiennnen 346
Restenosis after percutaneous coronary angioplasty .....cvuvevriiiiiiiiiii e 346
Nanotechnology-based personalized medicine for cardiovascular disorders...........cccocvvviiiinnnns 347
Monitoring for disorders of blood coagulation.........ccvuiiiiiiiii 348

Ly T oY 3 oY o L= L ol 348
Application of nanotechnology for bone research........ccooiiiiiiiiiic 348
Reducing reaction to orthopedic implants ... ..o.iiiiiii 348
Enhancing the activity of bone cells on the surface of orthopedic implants...........ccocvvviiinnn, 349

N E=TaTe] oXoT a 1= I [a ] ] F=1 o | o PSPPSR 349
Synthetic nanomaterials as bone iIMPlants.....ccoiiiiiii e 350
Carbon nanotubes as scaffolds for bone growth ........c.oviiiiiiiiiii e 350
Aligning nanotubes to improve artificial JoINtS....c.oiiiiiiii 351
Cartilage disorders of KNEE JOINt ..uiuiiuiiiiii i e e e aeraaaens 352
Role of nanotechnology in engineering of a replacement for cartilage ................cccccevveinnn. 352
Nanotechnology as an aid t0 @rthrOSCOPY ......o.euuiuieiii i ae s 352

Yoz lalallale I fo)gel=R: 1a g g e X-Tole) o1 N 353

= e X L= g 8 o] S 353
BoNding Materials ..o e 353
[T g t= o= T 1= PP 354
Nanospheres for dental hypersensitivity .....oouieiiiiii s 354
Nanomaterials for dental filling ........oeveiriiii e aanas 355
Nanomaterials for dental iIMpPlants ... 355
Nanoophthalmology ....cuiciiiiiii i i s r s s s s s s s s s s s s s s na s nnnnnnnnnnn 355
Nanocarriers for ocular drug delIVEIY ... e e eas 355
Nanoparticle-based topical drug application to the €ye.........ccouviiiiiiiiiiiiiiiiiiiiiiieieiaas 356
Chitosan nanopatrticles for topical drug application to the €y .........ccooviviiiiiiiiiiiiiiiieinan, 356
Polylactide nanoparticles for topical drug application to the eye .........cccvviiiiiiiiiiiiiennan. 357
Ophthalmic drug delivery through nanoparticles in contact 1ensSes ............cccccvvevvieiiiennn. 357
Nanoparticles for intraocular drug deliVEIY ...........ouiiieiii e 357

DNA nanoparticles for nonviral gene transfer to the €ye.........ccvovveiiiiiiiiiiiiiiiiiiiiiaieians 358
Nanotechnology for treatment for age-related macular degeneration .................c.ccccovieinnn. 358
Nanotechnology-based therapeutics for eye diSorders.........coooiiiuiiiiiiiiiiii s 359

I ETloR=Tale [l l=l=la=Te oo g/g I=T- P 359

Use of dendrimers in ophthalmolOGy .........c.o.vueuiii e 359
Nanotechnology for prevention of Nneovascularization ...............c.coiviiiiiiiiiiiiiiiiiiiiiiiaianns, 359
Regeneration Of thE OPLIC NEIVE ... ...t eees 360

DNA nanopatrticles for gene therapy of retinal degenerative disorders..............ccccccevuvuan... 360

-13-



Nanobiotechnology for treatment of GlaUuCOMa ...........ccoviiiiiiiiiiiiii e 360

) = T8 e T 1 1ot e T o X' T ' X Y 361
Nanobiotechnology and VIrolOgy ......iuieieiuiiiiiii e 361
Study of interaction of nanoparticles With VIrUSES.............cccvuviviviiiiiiiiiiiiiiiiiiiiiiiiiiininians 361
Study of pathomechanism oOf viral diSEaSES ...........ccvviiiiiiiiiiiiiiiiiii e 361
Transdermal nanoparticles for immune enhancement in HIV ..........ccooviiiiiiiiiiiiiiiiiiinninnns 362
Nanofiltration to remove viruses from plasma transfusion products ................ccccccvevenenan. 362
Role of nanobacteria in human diSEaSES ... ..ouiiiiiiiiiii e e eeas 363
L0 g =) e L= 1sle] oL Lo (=1 o - E U PP 363
Nanobacteria and kidney stone fOrmation............ccovuiiiiiirirniii e 363
Nanobacteria in cardiovasCular iSEASE ..........c.uuuiuiieiii ittt aaaaas 364
Nanotechnology-based microbicidal @agents .......cco.iiiiiiiiiiii s 364
Nanoscale bacteriCidal POWAEIS. ........c.uuuieiii e eaeens 364
Nanotubes for detection and destruction of bacteria ............c.cooveviiiiiiiiiiiiiiiiiiiiiiiiininians 365
Carbon nanotubes as antimicrobial @GENES............ouvuvuii i 366
Nanoemulsions as microbiCidal @GENTS ...........ouuuieiii e 366
Silver nanoparticle coating as prophylaxis against infection .................cccocoviviiiiiiininenenan. 366
Nanotechnology-based antiviral @gents......ouviiiiiiii s 367
Silver nanoparticles as antiviral @GNS ....o.viuiiiiii e 367
Fullerenes as antiviral @GENTES ............eeie i 367
Gold nanorod-based delivery of RNA antiviral therapeutiCs ............ccccoviiiiiiiiiiiiniiiiiinins 368
Nanocoating for @ntiviral €ffECt ... 368
IV Ta o2V (g (ol [e L=X PPN 368
Companies developing antiinfective agents.......ocviiiiiiiiii e 370
NaNOIMMUNOIOGY tueueieimieieierererererra s rarsssssssssasarasasasasa s s s sasassssssssssssssnsasasasasasasssssssssnsnnnnnns
Nanotechnology for wound healing
Nanotechnology-based products for skin disorders .......cccvverimrrirarsrarsrarssrasserassssassnsans 372
Cubosomes for treating skin disorders of premature infants. ........c.cooviiiiiiiiiii e 372
Nanoparticles for improving targeted topical therapy of sKin......coooviiiiiiiiiiiiis 372
Nanoparticle-based SUN SCrEENS ... ...uie it e e e e e e e e e aenenes 372
Nanoengineerad biONIC SKiM ... et r et e e e e aaeaas 373
Topical nanocreams for inflammatory disorders of the skin........cocooviiiiiiiiiiii 373
Nanobiotechnology for disorders of @ging ....cccccvirirrrrirrrsr s s s s s snnnnns 373
Personal care products based on nanotechnology .....ccciciirrirmrrsrrssrssers s s ssssassssasnnsans 374
NETalel=TelTalo] loTe AVaR (o] ol o T- 11 g o= - IR 375
Nanomedical aspects of oxidative Stress .......ccicviririirirrs i s na s 375
Nanoparticle @antioXidants ... s 375
Fullerene-based antioXidants ...........o.euee e 375
Ceria nanoparticles as neuroprotective antioXidants ..........c.coueuveuiieiiiiiiiiiiiiiiiiiiiaieinans 376
Antioxidant nanoparticles for treating diseases due to oxidative stress.......c.cccovviiiiiiiiinnnnn. 376
Nanoparticles as antidotes for PoOiSONS .....ccicviiiriiirs i s s s s s s rannannnn 376
Nanoparticles for chemo-radioprotection........cccuiiiiiiiriisrsis s s s s a s 377
Role of nanobiotechnology in biodefense.......cccciiiiiiiriirsis s s s s 377
Nanoparticles to combat microbial warfare agents.......ccviiiiiiiiiiii 378
Removal of toxins from DIOOM .......veieiiiii e 378
BloOd SUDSHItULES ..uuuiiieieieierrrrr s s s s s s s s s s s asas s nsnsasasasananananansnnnnnnnnnsnn 379
AN o 1 ol = =T o= =P 379
Companies using nanotechnology for healthcare.......c.ciciiiiiiiirci s e s e 379
Nanobiotechnology for public health........c.cociiiirririrarari s s nnes 381
Nanotechnology for water purification.........cvieiiiiii e 381
Nanofiltration to remove ViruSes frOm Water .........uuwueuieie i ceiesisesesaeneaeaaeaeaeaeaenens 381
Nanostructured membranes for water purifiCation ...............ccuiuiiiiiiiiiiiiiiiiiiiiiiiiiaieinans 381
Nanotechnologies for water remMediation ..............ueueeeueiuiiiieie it eseseneseneranaaaenenens 381
Nanotechnology-based photochemical water purification ...............cccvvviiiisisiseneniinininininnns 382
Nanobiotechnology and NULKItiON....c.cci i s s s e 382
Nanobiotechnology and food INAUSLIY .....euieieiiiiiirr e e e e e eraeaenenns 383
Role of nanobiotechnology in personalized NUEFEION ... ..o 384
Nanobiotechnology research in the academic centers......c.cciciiiiiiiciiisncrs e 384
Future potential of nanomMediCine ...iciiiiiiiicricicirssrie s s s s s s s s s s nnnannnnnas 387
US Federal funding for nanobiotechnology .......c.oiuiiiiiii e 387
Nanomedicine initiative of NIH ... e e eas 387
NIH Nanomedicine Center for Nucleoprotein Machings .........c.uvuuieiiiiiiiiiiieiiiiiieiieiiininnnnn. 388
NCI Alliance for Nanotechnology i CanCEL ......uieieii e e e eas 388
Research in cancer nanotechnology sponsored by the NCI..........cooiiiiiiiiiii s 389
Global Enterprise for Micro-Mechanics and Molecular MediCing .......ccoviviiiiiiiiiiiii e 392

8. Ethical, Safety and Regulatory iSSUes ......cccvvcmimrierierrsrsrsassasssssnsannns 393

B0 e ¢ 1T ot o 393
Ethical and social implications of nhanobiotechnology ..........cccciiiiiisisrsrsss 393

NANOETNICS L. vt 393
Nanotechnology patents ..o 394

-14 -



©

Quantum dot patents relevant to healthcare applications .........cocooviiiiiii 395

Challenges and future prospects of nanobiotechnology patents...........cocooviiiiiiiiiiiicccne, 395
Legal aspects of nanobiotechnology
Nanotechnology standards .......ciciiiiiiiiiiiisiiirrs s n s
Preclinical testing of nanometerials for biological applications.........c.ciciciiiiririniniin.. 397
Safety concerns about nanobiotechnology........cccveviimimiirrsrsrsrsri s 397
Environmental safety of aerosols released from nanoparticle manufacture ...........c.cocoeviinnnns 398
TOXICItY Of NANOPAITICIES .vinitii it e et e et e it e e e aeeeas 398
Testing for toxicity of NANOPAITICIES .. ..vvivie i 398
In vitro testing of N@noParticle tOXICItY ..........vuvuiuiuiiiii e 399
Variations in safety issues of different nanoparticles ........ccooviiiiiiiiiiiiii 399
Carbon NANOLUDE SAFELY .......veirisii e 399
L0 LT =T T 0y q o 1 400
GOId NANOPAITEICIE EOXICILY ...vvsisis i aees 400
QUANEUM dOE SAFELY ISSUEBS .....veireie ettt ettt eaeaenees 401
Fate of nanoparticles in the human body ..o e 402
Pulmonary effects of NanNOPartiCles .......o.vuiniiii e 402
Effect of nanoparticles on the heart ... ..o 403
Blood compatibility of N@anopartiCles ... ..o 404
Carbon nanoparticle-induced platelet aggregation ............c.coovvuiiiiiiiiiiiiiiiiiiciciiiieaea 404
Compatibility of lipid-based nanoparticles with blood and blood cells .............c.cccccvvuinnnnn. 404
Transfer of nanoparticles from mother to fetUS ... 404
CytotoXiCity Of NANOPAIrtICIES . .uui ittt e e aaens 405
Indirect DNA damage caused by nanoparticles across cellular barriers ............................. 405
N IEIST oY F=Ta o] wo DqTelo] Lo Te | AN PP 405
Nanoparticle deposits in the DIrain ............o.eeie e 405
Nanoparticles and NeUrodegenEration .............u. e e aeaenens 406
Measures to reduce toxicity of NANOPArTICIES......c.vuiiiiii e 406
Reducing toxicity of Carbon NANOLUDES ............c.e e eaeeaeas 406
A screening strategy for the hazard identification of nanomaterials ........cccoviiiiiiiiiiiiiinnne, 407
Concluding remarks on safety issues of NaNOPartiCles .......ovvriiiiiiii e 407
Research into environmental effects of nanoparticles .......ccccviiimiicrisrer s 408
Role of US government agencies in research on safety of nanoparticles ...........cccovvviiiiiiinnnns 408
Work at NanoSafety Laboratories INC UCLA ...t e e e e eaaaens 409
Center for Biological and Environmental Nanotechnology .......ccccviiiiiiiiiiiiiiiic e 409
European NEST project for risk assessment of exposure to nanoparticles .........cccvvvviiiiiiinnnns 410
Efforts by nanotechnology companies to establish safety of nanoparticles ..........cccoocvviiiinnnn, 410
Public perceptions of the safety of nanotechnology ....c.ccicriiriirrrsrnrs s s s anas 411
Evaluation of consumer exposure to nanoscale materials ......cocvviiiiiiiiiii s 412
Safety of nanoparticle-based cOSMEtiCS....cccuiiirimiiriiiirir e s s raas 412
Regulations in the EUropean UNION ...t e e et r e e e e et e e e e e e aeneaas 412
Nanotechnology-based SUNSCIEENS .. ...uitiit i et aeaas 413
Cosmetic industry’s white paper on nanoparticles in personal care ........cccoveiiiiiiiiiiiiiiiieens 413
Skin penetration of nanoparticles used iN SUNSCrEENS ....civiuiiiiiiiiiiiii i aeens 413
EPA safety requirements for silver nanoparticles........cccicriiimimirnisrnrs s s s snanass 414
FDA regulation of nanobiotechnology products........cccciiiirimirrsrnre s s s r s anass 414
FDA and nanotechnology-based medical deviCes .....couiiiiiiiiiiii e 416
FDA’s Nanotechnology Task FOIrCe ..uuiiiiii it aeeaas 417
FDA collaboration with agencies/organizations relevant to nanotechnology ..............cooviiiininns 418
Regulation of nanotechnology in the European UNioN ......cuurusimssssesmsesesasasasasarsssssssssssnsnnns 419
UK government policy on safety of Nanoparticles .......covveieiiiiiiiiirrr e 420
Safety recommendations of the Royal Society of UK ......couiiiiiiiiiiiiiicicn e 420
European Commission and safety of NAN0COSMELICS .....cvviiiiiiiiiiiiiii s 421
Nanobiotechnology Markets.......ccvecivmmcmcmssmss s s sssssssssssnsssnssnnsnns 423
3 o T LT ot o o e 423
Markets according to areas of applications .......c.cciiiiiiiciisrc s 424
Markets for NANOMEAICINEG ... v et e et et e e e e e e neeas 425
Markets for NANOAIAgNOSTICS . ..uuieii i 425
g gt T o Vo =T =T o =N 426
PRarmMaceUEICAIS . .. eas 426
Role of nanobiotechnology in drug delivery market.............cooovuiiiiiiiiiiiiiiiiiiiiiiiiieieians 426
Nanobiotechnology in life sciences research market..........cooiiiiiii s 427
Markets according to technologies.........cciiiiiiiiiii i s s s s s s 427
Markets for NANOMALEMIAIS. ... .ot 427
Markets for biomedical NANOAEVICES .......ouiieiiiii e e eas 427
MarKEES fOr MANOSENSOIS ...ttt ettt ettt ettt ettt et e eaaeeees 427
Markets fOr NANOTOOIS ... . e ettt e e et e et e e e e e naeaas 428
Geographical distribution of markets........cciiiiiiiiiirsis s 428
Nanobiotechnology in the US
Nanobiotechnology in the European Union ....c.ciciciciirinnnsmnisisss s snnnes 429

-15-



[N E= T o 17 I3 P 430

European Technology Platform on NanoOMediCine ........oviuiiiiiiiiiiii e eas 431
Nanobiotechnology in Australia ........ccciiiiiiiiiiisrsrsrs s s
Nanobiotechnology in ASia....cicicieiiiiiiririisisii i nnann

=51 o

Yo 0] o I e =T [P PPN

(O 112 = T PPN

L= 112 T

] a o | = T PPN
Nanobiotechnology in RUSSIA c.iciiiiiririsisisisisierrrarsss s s s s na s s s s snsnsnsnnnnn
Nanobiotechnology in the developing World ......c.ciciiiiiiririririinnr s
Venture capital investment in nanotechnology
Big pharma and nanotechnology.......ccciviiiieieimiererrrarar s s snsnnnn

Impact of nanobiotechnology on markets for current pharmaceuticals ...........ccoeviiiiiiiinnnnn, 437

Unmet needs in NanobioteChNOlOgy ......ouiuiniiiii 437
Drivers for the development of nanobiotechnology markets.........cccocvirrrirarininsinnnnnn. 438
Strategies for developing markets for nanobiotechnology ........ccririririiiiiiiiisrs s 438

Collaborations of industry with academic research centers .........cocoeveiiiiiiiiiiiiiiii e 439

Collaborations of pharmaceutical and nanotechnology companies..........ccovviiiiiiiiiiiiiiennenene, 439

Collaboration of chemical industry and the government .........coviiiiii e 439

Cost-benefit of nanotechnology-based drug delivery.. ... 440

Education of healthcare professionals ......c.oiiriiiiiii e eas 440

EdUucation Of the PUDBIIC «.u e e 440

10. References......cccvcviimiiirsrsn s s s s s s snn s s s ssnssnssnsnnnnnnens 443
Tables
Table 1-1: Dimensions of various 0bjects in NAN0SCAIE .....cviiiriiiie e e 21
Table 1-2: Classification of basic NanobiotechNologies ......oviuiiiiiiii e 22
Table 1-3: Historical landmarks in the evolution of nanotechnology .......cccooviiiiiiiiiiic e 24
Table 2-1: Companies with nanoarray and nanofluidic technologies...........ccoviiiiiiiiiiic e 32
Table 2-2: Applications of cantilever teChNOIOgY ....cuiuiiriii e 38
Table 2-3: Applications of OptiCal NANOSCOPY ..uiiririitii e e eraaaens 41
Table 2-4: Companies that provide microscopes for nanobiotechnology ........ccccviiiiiiiiiiiiiiiieiiieens 45
Table 2-5: Nanobiotechnological applications of S-layers .....ccoiiieiiiiiii e 54
Table 2-6: Potential applications of dendrimers in nanobiotechnology .........cooviiiiiiiiiiiiic e 56
Table 2-7: Nanomaterials for biolabeling .....c.i.iieiiiii e 66
Table 2-8: Companies providing services and products for nanobiotechnology industry ...................... 71
Table 3-1: Nanomaterials for the study of mitochondria........coiiiiiiiiiii e 98
Table 3-2: Companies that provide nanotechnologies for life sciences research ............cccovviiiiieiinn, 115
Table 4-1: Nanotechnologies with potential applications in molecular diagnostics...........cocvvviienninen, 118
Table 4-2: Nanobiotechnologies for single molecule detection.........coiiiiiiiiiiiii i 160
Table 4-3: Companies developing nanomolecular diagnoStiCs ......cvveiiiiiiiiiiiii e 175
Table 5-1: Basic nanobiotechnologies relevant to drug diSCOVEIY ......iiiiiiiiiiiiiiii e 182
Table 5-2: Companies involved in nanobiotechnology-based drug discovery and development........... 192
Table 6-1: Comparison of features of drug delivery by micronization vs nanonization .............c..c....... 196
Table 6-2: Nanomaterials used for drug deliVery ... ..o e e e 198
Table 6-3: Liposome-nanoparticle hybrid SyStem S ....c.viiiiiiiiii i e s 222
Table 6-4: Examples of application of nanoparticles for gene therapy ......cocveviiiiiiiiiiiiii e 233
Table 6-5: Classification of nanobiotechnology approaches to drug delivery in cancer...........c.coeuenen.. 249
Table 6-6: Approved anticancer drugs USING NANOCAITIEES . ..uu.uiueisineinieinenerereeaeaaeaeraeeraseaaeaeaaanens 250
Table 6-7: Clinical trials of anticancer drugs USINg NANOCAITIEIS ....vviviiieriiereieie e rreeeneenes 250
Table 6-8: Companies involved in nanobiotechnology-based drug delivery .........cooiiiiiiiiiiiiinnens 301
Table 7-1: Nanomedicine in the 218t CENTUNY ..viiriiiii it reaeaas 308
Table 7-2: Applications of nanobiotechnology for neurological disorders .........c.cocoviiiiiiiiiiiiniiienns 334
Table 7-3: Nanoparticles used for drug delivery in ophthalmology ..........coooiviiiiiiii e 356
Table 7-4: Companies using nanotechnology-based antiinfective agents..........c.coiiiiiiiiin s 370
Table 7-5: Companies using nanotechnology for healthcare and therapeutics..........ccociiiiiiiiininens 379
Table 7-6: Applications of nanotechnologies in food and nutrition sciences..........cocoovviiiiiiiiiiennenns 383
Table 7-7: Non-commercial institutes/laboratories involved in nanobiotechnology..........c.ccccviieinnens 384
Table 8-1: FDA-approved nanotechnology based drugs........ccouieiiiiiiiiiiiiiir e 414
Table 9-1: Nanobiotechnology markets according to areas of application 2011-2021..........ccovevnenens 424
Table 9-2: Markets for nanobiotechnology according to technologies 2011-2021.........ccceiviieinieinnens 427
Table 9-3: Geographical distribution of nanobiotechnology markets 2011-2021 ........cccviviiiiiinininenenen 428
Table 9-4: Drivers for the development of nanobiotechnology markets............coooiiiiiiiii, 438
Table 9-5: Strategies for developing markets for nanobiotechnology .........c.cocoieiiiiiiiiiiicees 439
Table 9-6: Cost-benefit of nanotechnology-based drug delivery ..o 440

-16 -



Figure 1-1:
Figure 1-2:
Figure 2-1:
Figure 2-2:
Figure 4-1:
Figure 4-2:
Figure 4-3:
Figure 4-4:
Figure 5-1:
Figure 6-1:
Figure 6-2:
Figure 6-3:
Figure 6-4:
Figure 6-5:
Figure 6-6:
Figure 7-1:
Figure 9-1:
Figure 9-2:
Figure 9-3:
Figure 9-4:

Figures

Top-down and bottom-Up @pPro@ChEs ......c.vuiiiiiiiiiiiiii e 23
Relationship of nanobiotechnology to healthcare and related technologies...............c..c...... 25
Schematic representation of Dip Pen Nanolithography (DPN) ......cccovviiiiiiiiiiiiiiiie 29
The core, branching and surface molecules of dendrimers .......ccooviiiiiiiiiii s 55
Scheme of bio-barcode @SSAY ....cviiiiiiiieiiiiii e 138
Scheme of a novel optical MRNA DiOSENSOI.....uiuiiiiii e 152
Surface plasmon resonance (SPR) technology .......cvviiiiiiinininiii e 153
Concept of nanopore-based SEQUENCING ....o.iviviiiiiiiiiiiiir e 159
Application of nanobiotechnology at various stages of drug discovery ...........ccovviviiininnnns 181
Bacteria plus nanoparticles for drug delivery into cells ........cocoviiiiiiiiiiiii e 200
7NN [To] s I o= aTe] o -1 o (ol [ PR 218
Lipid-protein nanotubes for drug delivery ........cocvviiiiiiiii 225
Nanocochleate-mediated drug deliVEIY .....c.oieiiiiiiii e e 241
N E= gL Te [=] ke [T o TR = To o | S PPN 241
Use of micelles fOor drug deliVEry ... aeaes 254
Role of nanobiotechnology in personalized management of cancer .........cocvvviiiiiiiiennnnens 333
Components of the $1 trillion market for nanotechnologies in the year 2015 .................. 423
Nanobiotechnology markets according to applications 2011-2021.......cccccvviiiiiiiiiniiennenens 425
Geographical distribution of nanobiotechnology markets 2011-2021 .........cccviviviiiienenene. 429
Unmet needs in nanobiotechnology applicationS.........ouvuieieiiiiii e 438

-17 -



