TABLE OF CONTENTS

0.

1.

N

Executive SUMMArY ccciveiierinrrssranssasssasssasssasssasssanssanssanssanssannssnnsnnnsnnnsns 14

Technologies for suppressing gene function.........c.ccccviivcriiirasisaneesane: 16

INtroduction ..uiicieiirisir s R Ry 16
DINA £ranSCriPtiON . e e 16
RN A e 16

NON-COAING RINA ..ottt s s s et e e s s st s s e e e aes 16
RNA research and potential @ppliCatioNS..........uueuiiieiies ittt sttt st s aiesaieaaaas 17
Role of RNA in regulation of the dihydrofolate reductase gene .............cccocoveviniiiiiiniinininnnns 18
(1= g T f =T 11 ] =l o N 18
Post-transcriptional regulation of gene eXpresSioN.......couviiiiiiiiiii s 19
AIternative RNA SPIICING .. vueeeieieiii e r e e e e e e e e e e e e e renernnnrnenens 20

Technologies for gene SUPPreSSiON ....ccciiiieirarereireresairaresaisasesaisasasasnssasassssasassssasassssasassnnass 20
PNl u Y= E=Y o] T To] g YU Tl [=Y o) o == PP 20
TransCription faCtor AECOYS . uuiuiuiiiiit i et e et e e s e e e s e e s s e e aneanes 21
Y o) = =T = PP 21
RIDOZY MBS i ui it e 22
Y 014 Y 0 1= N 22
RNA aptamers vs alloSteriC MbOZYMES .....i.iiiiiier e nens 23
R N = =] o 23
[T o o L= o T Tl [T Tl o T PP 23
e N I ol T =T o= 24
oY ol 2= N T =1 ol T 24
(= LT 11T T T 24
Post-transcriptional gene Sil@NCING ....ouvuiiiii e aes 25
TargeTron™ technology for gene KNOCKOUL ........viiiiiiiiiiiiii i 25

Definitions and terminology of RNAI ...cccieiererarrrrrrsrsrsrsmsnsssssssasasasasasasasasasassssssssssssssnsnnnss 25

L2 U 3 1= o3 T 14 1 0 s 26

Non-promoter-associated small RNAS.....c.cccvcrerrrrarraramimsssssssasasasasasasasasasassssssssssssssnsasasass 28

Piwi-interacting RNAs in germ cell development ........cccoiiiiiiiiiiisnsnsnsrsrsrsss e, 29

Relation of RNAI t0 juNK DNA .. ..cciiieieiararasamameseresassssssssnsssssssssssssasasasasasasasasassssssssssssssnsnnnss 29

RNA editing and RNAI ...iciiiiiiiiisisiisr s s s s s s s s s s s s s s s sasasasnsnsnnnnnnns 30

Historical landmarks in the development of RNAI .....c.ciciiiimimimimieieiereserssrsassesassssssssnsnnns 30

RNAI Technologies ...cciveiimiimitres i s s s s srnsssasssnsssnsssnnssnssnnnsnnnsnn 32

00 o T LT ot o 32

Comparison of antisense and RNAI .....c.civiiiiiieisieierrrrsssrese s s s s s s s s s s sanasasnsnss 32
Advantages of antisense OVer SIRINAS ......iuiiiiiiiir e e e e e e e rnenes 32
Advantages of SIRNAS OVEer @ntiSENSE .....viuiuiiiiiiir e a e aes 33
RNA aptamers VS SIRINA ...ttt e e et s et s st s et aa st aeeaaaneanss 33
RINA LaSS0S VEISUS SIRINA ...ttt s s e a s s e s e s e s e se s n s e s nesaesnnannaanennns 33
Concluding remarks on antisENSE VS RNAI .....uiuieieieiiiie e s e e r e aeeneeeenenen 34

SS RN AT 1ot ierurr s s s r e r e r e ra s s EE R aa AR R AR R R R R R RN RARNRNRNRNSEEEAEEEEESEEREREREREEEEE 34

Antisense vs DNP-ssRNA and DNP-SiRNA ........ccciiiiiimmmimmris s s s sanassnsans 34

LINA QNA RN AT e iiiiaiuimramiamasmers s ssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssnssssassnsnss 35
[\ DN o] o[ o TR YU o] f <17 o o 1A PP 35
Comparison Of LNA @nd RNAI .. ... e e e s e s a s s s e e enenes 36
Use oOf SILNA t0 iMpProve SIRNA. .. ..eei it r e e e e s e e e a e e neenee e e e enennnens 36

RNAI versus small Molecules .........cccieieimimrrrrirarersss s s s s s snnnnnnns 36

RINAIG TN ViIVO 1aueutuiereinurereisieseiss s samassssssasss s sassssassssssasassssassssssasssssssssssssassssssasassssasassssannnes 36
Cre-regulated RNAI iN VIVO cu.uiuieiiiii e s st a e s e s e s a s e s s e e enanes 37

2 Y L 37
1] o] g (@I U L A S\ VA B Q) OO 37
HiScribe™ RNAI Transcription Kit ........viiiiirnr e e 38
91 U Lo R N N I o =Y o 38
I P SY 1 =T g ol 1 o D TE o = PPN 39

Techniques for measuring RNAi-induced gene silencing .......ccciiireieiririinsrrinarsinsnenaes. 39
AppPlication Of PCR IN RNAI . ...ttt e e e e e e e e ranararnans 39

Real-time QUANEIEAEIVE PCR.......vsisisisiie e e sttt s s ae e te et e e e e e e ss s s s nannnnnnnnnnnnnes 40
Assessment of the silencing effect of SIRNA DY RT-PCR .........oiiiiiiiiiiiiiisisasisasaananananenes 40
Fluorescence resonance energy transfer probe for RNA interactions ..............cccccvevesenenennns. 41

Bioinformatics tools for design of SIRNAS .....c.cicierererirsririiisisisrrrsssrsasa s s ssssssnnnnans 41
[ [aTe [o] o I 2N VAN [T o | o I PP PSPPI 41
Rational SIRNA @SIGN ... .uuieieieieii e e s s e e e e e e e e raraenenns 42

The concept Of POOIING SIRINAS .....vree ettt e e e e e e e st s s nans e esssanassasenesesenes 43
Criteria for rational SIRINA AESIGN ........c.uueniiiee ettt aaaenanenenes 43
BLOCK-IT RNAI DESIGNEN ..c.vvieiisiiiise ittt et s a st s s s s s s na e 43



QIAGEN's 2-for-Silencing SIRINA DUPIEXES .....vuuesieissee sttt se et ases s aeaaaieaaaaes 44

Designing vector-based SiRINA ........c.oe ittt 44
IRNAChek for designing SIRINA .........oeee et a e e e e e e e et ranararnnnnnnnnnes 44
TROD: T7 RNAI OliGO DESIGNEI ....visisisisisisisiiiiisisisisasasassssss s assss s sss s s asasasasaananans 44
SiDirect: SIRNA deSiGn SOFEWAIE .....cvorerieiieee e s e e e e e s e e et s rarannnnnnnnnnes 45
Prediction of effiCacy Of SIRNAS .....uiiiiiiiii e e s e e s e e e a e eas 45
Algorithms for prediction Of SIRNA €ffiCACY .....unureeeiiieee ettt aeaeaenananenes 45

SIRNA dat@DASES ....visiiiiiii ittt 45
Production of SiIRNAS .....cciciiirirrsirrrsi s s s s nr s n s r s nannnnnnnn 46
Chemical synthesis of short oligonucleotides ..........c.coouiiiiiiiiiiii s 46

| T4 1 o T u =] =Y o) o] IS 46
Generation Of SIRNAS N VIVO 1..uuiuiiiiiiiiii e e s e s e e s s e e s s e eaanns 47
UST RN A S ittt ittt e 47
SIRNA:DNA hybrid MOIECUIES ....uniiiiii e 48
Chemical modifications of SIRNAS ........iuiiiii e 48
Sugar modifications Of SIRINA ..........euie ittt s s s s s aas 48
Phosphate linkage modifications Of SIRNA..........e et se e raeeeeannnnees 48
Modifications to the SIRNA OVEIrNANGS .........cuiiiiiiiiiiiii it e s e e e 49
Modifications to the duplex arChit@CEUIE ..........uueeiee ettt ettt aissaieaaaas 49
Applications of chemical modification Of SIRNAS .........cc.vuiiiiiiiiiiiiiiieii e 49
SYNENELIC RNAS VS SIRN AS ..ttt ettt e e et e e et e e e e e e e e e aeenaeennanenns 50
SpecificCity Of SIRNAS ...cciiiririrerera v s s s s r s r s aannnnannnnnnnnnnnn 50
Asymmetric interfering RNA .......ccociiirmirrerrrmssmisssssasssasasasasasasasasasassssnsssssnsssnsasasasasanas 51
Genome-wide data sets for the production of @SiRNAS ......ccccvcririerariarriersserassasassasassasasass 51
ddRNAI for inducing RNAI c..cicirerererrrsmsmsnsnssssmssssasasasasasasasasassssssssssssssssssasasasasasasasasanssssansns 51
Lo [ | AN 0 /=Tl T T o T 51
Advantages of AdRNAI OVEr SIRNA ... .uieiii e e e e e e e e e e e e rnrnes 52
Short hairpin RNAS ... s s s s s s sa s s s s s ssnasasasanasanasnsnsnsnnnns 53
SIRNA VErsUS SNRINA ... et e s e e s a e s aeas 53
Circular interfering RNA ...t 54
Expressed interfering RNA .......cciiimieieiarerereremsresessrsmsrsnsssssssssssasasasasasasasasassssssssssssnsnsnsnsnss 55
RNA-induced transcriptional silencing compleX ....c.cicieririminininieiereramerararasererersrsrsrsssnsnsssnnss 55
Inhibition of gene expression by antigene RNA .......c.ccciciiiirinnnnniii s 56
RNAi vs mRNA modulation by small molecular weight compounds......c.cicrererrririnsnininiass. 56

B o g 1 2 - 1 -

00 o e [T ot oo o 58
LT T T 0 s 60
Role of the microprocessor complex in MIRNA......c.ciciiiiiiiii i s nnas 60
miRNAs compared to siRNAs
MIRNA and stem cellS ....ciiiiiiiiiiiiiiirr s s v rrrr s s s nannnnnnnnn
Influence of miRNA on stem cell formation and maintenance.............cociviiiiiiiii 62
Role of miRNAs in gene regulation during stem cell differentiation............cocoviiiiiiiiiiiiiiiinn. 62
MIRNA databases......iciieiiriiiiriirarr s s r s n s raranananannnannnnn 63
Sanger miRBase mMiRNA sequence database .........oooviiiiiiiiiiiii e 63
MappPing MIRNA GENMES ..ttt ettt e et e e e et et s et r st s a et aa st aaneaaeenss 63
A database of ultraconserved sequences and MiRNA function .......ccooviiiiiiiiiiiii e 64
A database for miRNA deregulation in human diSEase.........vuivieiiiiiiiiiiirr e e 64
An database of MiIRNA-target interactions ........covviiiiiiii s 65
Role of MiRNA in gene regulation .....cicivevererererererererrsrsrsnsnsssssssasasasasasasasasasassssssssssnsssnsnnnss 65
Control of gene expression by MIRNA ... ar e e e nenenenes 66
miRNA-mediated translational repression iNVOIVING PiWi..........ccouviiiiiiiiiiiiiiiiiiiiiininiananns 66
Transcriptional regulators of ESCs control of miRNA gene expresSion........c.cuevveveveerensnenans, 66
Mechanism of miRNAs-induced silencing of gene exXpresSioN ... ...cvvvviiiiiiiinrr e 66
MIRNA diagnNOStiCS .ciuiererererarararirinininisiarasasasasasaserarararsrsrsnsnsssssssasasasasasasasasasassssssssssssnsnsasasass 67
Biochemical approach to identification of MIRNA ..o 67
Computational approaches for the identification of MIRNAS ......ccviiiiiiiii e 68
LNA probes for exploring MiRNA ... e aes 68
Microarrays for analysis of MIRNA gene eXPreSSiON .........vveiuiiiiiiiiniiiiiirree e 68
Microarrays vs quantitative PCR for measuring MiRINAS. .........covuiriiiiiiiiiiisiieaesiieeneeenes 69
mMiRNAs as biomarkers of hepatotOXiCity ...ouvviiiiiiii e aeas 69
Modification of in situ hybridization for detection of MIRNAS .......cciiiiiiiiii e 70
Nuclease Protection Assay to measure MiRNA €XPreSSiON......vuiuieiiiiiiieiiieienenreeeaeaeaerereraraeees 70
Real-time PCR for expression profiling of MiRNAS.........ouiiiii s 70
Targeting of miRNAs with antisense oligonucleotides ..........ccciiiiiiiiirsisiics e 71
Silencing MIRNAS DY @ntagOmMirS .. ..uuieieieiiiii e s e e e e e e e e eeens 71
New tools for MIRNA SHENCING ...viuieiiii e e e e e e e e e e e e e e enanrnanes 71
Use of HAPIscreen for identification of aptamers against pre-miRNAS .........cccoiiiiiiiiiiiinninenennns 72
miRNA-regulated lentiviral vectors........ciciiiciiiiiiriiers i s s 72
MIRNAS as drug targets .....coiviiiiiiiinieieierrrarerere s r s s s s s n s s s s s nannnnnnnnns 72
MiRNAS as targets for antiSENSE ArUGS. .. .vuiiiiiiiiiii e ae e nenans 73



Challenges facing use of MIRNAS @s drug targets ......vveiiiiiiiiii e 73
Target specificity of miRNAs

Prediction of MIRNA Fargets. ... e e e e n e nraes
Role of miRNA in human health and disease........c.ccciiiiiiiiiriiaris s 75
Role of miRNAs in regulation of hematopOiESIS. ....uvuvieieieie i aeaens 75
Role of miRNA depletion in tissue regeneration ........c..ciuiiiiiiiiniiiin s 75
Role of MIRNA in regulation Of @giNg ......cviiiiiiiii e e e 76
Role of MIiRNA in inflammation .......oeieiiiiiii e 76
Role of miRNAs in regulation of immune SYSEEM .....cieiiiei i 76
Role of miRNA in the cardiovascular system ........ciciiiiiiiicriiersier s 77
Role of miRNAs in development of the cardiovascular system ........cccoviiiiiiiiiiiiiiiie 77
Role of MIRNAS iN @NGIOGENESIS ...uuuuiuitiiiiiiitiiiiir e e s e s s a e es e e saa e enens 77
Role of miRNAs in cardiac hypertrophy and failure ........ccccoiiiiiiiii e 77
Role of miRNAs in conduction and rhythm disorders of the heart...........cocooiiiiiiiiiiiins 78
Diagnostic and prognostic value of miRNAs in acute coronary syndrome .......c.cocvveveieieinininnnnns 78
miRNA-based approaches for reduction of hypercholesterolemia...........cocoviiiiiiiiniiiiinnns 79
miRNA-based approach for restenosis following angioplasty .........ccooviiiiiiiiiiiiiiii e 79
miRNA gene therapy for ischemic heart disease.........cooveiiiiiiiiiiiii s 79
miRNAs as therapeutic targets for cardiovascular diSEases ........ccvvvviiiiiiiiiiiirrrrr e 80
Concluding remarks and future prospects of miRNA in the cardiovascular system..................... 80
Role of mMiRNASs in the nervous system........ccciiieiimreierernrerne s s s s s s s ssasnnsasnnsanns 80
MIRNAS and addiCtion......iuiuiei s 81
MiRNASs in neurodegenerative diSOrdErS ... ..ovuviiiiiererere e er e nraenenenens 81
mIiRNAs as biomarkers of AlZReimer’s diSEASE..........cvuviviviririiiiiiiiiiiiiriisesisisi i 82
MIRNAS in HUNEINGEON'S TiSEASE ... .vvesisiieeee ettt e s e e e e e e e s r s rnannnsnnnnnnnes 82
miRNA malfunction in spinal motor NEUIroN diSEASE..........cv.vuviviiiiiisisiiiiiiiiiiiisiieieisasaases 82
miRNAs and retinal neurodegenerative diSOIdErs .........vvvieisriiiiiteiaieisirsnansnsnsesnsnnnes 83
MIRNA and SChiZOPIrENIa. .. uuiuiiiii e aeas 83
Role of mMiRNA in viral iINfectionsS.....c.ciiiiriiiisriirersis s s 83
Role of MIRNA iN HSV-=1 [@teNCY .. uuiriiiiiiiii e a e 83
mMiRNA and autoimmune diSOrders......coiciciirerisirerisnrerrr s s s s nnns 84
MIRNA in rheumatoid arthritis .......vviiiiii 84
MIiRNA in systemic lupus erythematosus .......ocviviiiiiiiiiii s 84
miRNAs in gastrointestinal disorders......c.cccvciiririrararararsrniiiirr s ssssnsnnnns 85
miRNA-based therapies for the irritable bowel syndrome ... 85
MIiRNA and sKin diSOrders.......cicieiierisirrmsirarrsrrsrss s s s s s s nnnsnnannn 85
Role of miRNA in inflammatory skin disSOrders.......cocvviiiiiii s 85
Role of MIRNAS iN CANCEF ...iiiiirrsirrrsrrrsr s s r s r s n s nann s nannnannnnn 85
miRNAs linked to the initiation and progression of CaNCEr.........cvvviiiiiiiiiiiii 85
[ T 01 = 86
Linking miRNA sequences to cancer using RNA SamPIeS........oiiiiiiiiiiiiiiinn e 87
Role of MIRNAS iN Viral ONCOGENESIS ..uiuiuiiiiiiiiiaeaerere e e s s e eeeenene e e eanaererarnrnrnnes 87
MIRNA GENES 1N CANCET .ttt et et e et e et r et a e e e eeeas 87
MIRNAS iNteraction With P53 .. e e e e e nrnrnes 88
mMiRNAs, embryonic stem cells @and CaNCEI ... ... 88
MIRNAS and Cancer MELASTASES .....uiuiiiiiiiiii e 89
Role of MIRNAS in CANCEr diagNOSIS . .uuiuiuiiiiiiiirrr s e e e araraes 90
Cancer MIRNA SIGNALUIE ... e ettt et st st s e s e s nns s 90
MIRNA BIOMAIrKErS IN CANCEI .. ..uuisisisii e e e e e e s s s s s e e e eees 90
Diagnostic value of MIRNA IN CANCEI .........eesseeesesesesesasasassesesesanesasasanssasnnanenennnnrnrnnes 91
Prognostic value of MIiRNA IN CANCEI ...... ..o s r s r e arees 91
MiRNAs as basis of cancer therapEULICS .. ...viiiiiiiii e aenenens 91
Antisense oligonucleotides targeted t0 MIRNA..........covuiiiiiii e 91
Delivery of MmiRNA MimetiCS iN CANCEK ........vuseeeesesessasesasesesesasesesaessasarnansnnsennnnnnes 92
Role of miRNAs in adoptive immunotherapy Of CANCEI ..........ovovuiiiririiiiiiiiiiiiiiiiiieaaeees 92
Restoration of tumor suppressor miRNA may inhibit CAnCer.............ccouvvviiiiiiiiiiiiisiienennnnnsn 92
Role of MIRNAS iN VariOUS CAMCEIS. .. uuuiiininiiiitttrer s e e s s s e e e e s e e e rararaes 93
MIRNA @Nd Brain CANCEI .......uuvueisiisiisiisi ittt st s e s s s s ans 93
1NN Ta o W o =T oy o 1 Lol =] PO 94
MIRNA and COIOreCtal CANCEN .......cuvvuiriiiiiiii ittt s s e e 94
MIRNA and gastrointeStinal CANCEr ...........vuii e enaes 95
miRNA and hematological MaligNAnCIES ...........ce.eesesesisisiei et satesssrsraranseneannnnnes 95
mMIRNA and hepatocellular CarCinOM@ ..........c.vueuieii e e 96
el LAV Ta Lo [ [V g Te ot T Lol =) PP 97
mIiRNA and nasopharyngeal CarCinOM@ ...........vueueiiiisisisse e e e e e e e enees 98
MIRNA @Nd OVAIIAN CNCEN ....vvieisiiiisiii ittt s st s st s st s st s s e snaans 98
MIRNA @nd PANCIrEAtIC CANCEN .. ..vrieii ettt e e e e e e s r i r e n e ee e enees 99
][R\ Tale [ o T g X = 1 (ol = 1 Lol =) o PP 99
MIRNA @Nd thYrOId CANCEN..... v a e e e e e e e enees 100
Future prospects of miRNA therapeutics.......c.coiiiiiiiiiiiiirsisis s 100
Companies involved in MIRNA.......ciciiiiiiiiiir s s r s r s s s nanananannna s 101



4. Methods of delivery in RNAIi......cccvcimimrmrssssmsssss s s s sssssassnsnnsnnseas 104

B 000X« LT ot oY 104
Methods of delivery of oligonucleotides......c.cicrerererraririniriniirerarerersararesarsararsssssssssnsaass 104
Oral and rectal administration ........ccoiiiiii 105
Pulmonary administration ... e 105
Targeted delivery to the CINS.. ... e e 105
High flow microinfusion into the brain parenChRYMa.........ccvevevriiiiiiiiiiiiiiieieieieseaeiesenenes 106
Intracellular guidance by special teChnNIQUES ........ccviiiiiiiiiii 106
(2] ToTe aT=Ta g1 or= I 4 Y (ol g'e] [ a} =01 o o [P 107
Liposomes-mediated oligonucleotide delivery .......cocvoiiiiiiii 107
Polyethylenimine-mediated oligonucleotide delivery ..........coiiiiiiiiiii e 107
DTS YT o) i Il BT oo Y2 PP 107
Biodegradable mMiCropartiCles ........vuveiiiiiii i 108
MiICIOPAIEICIES ... 108
AV Tale) ok T o ol =1 PP 108
Self-delivering rXRNA ... st s s s a s sasaansannsnnsasasans 108
SiRNA delivery techNolOgies....c.cucrerrririririnininiererarasaresesessrasarsrarsssnsssssssasasasasasasasanasasanass 109
Local delivery Of SIRNA .. ...ttt a it st e st a e s e s et e s e e aaranens 110
In vivo delivery of siRNAs by synthetic Vectors ......covviiiiiii s 110
Intracellular delivery of SIRINAS ... e e e es 110
Delivery of siRNAs with aptamer-siRNA CRIMEras .......c.cvovuvuviiiiiiiiiiiiiiiiisisisisiisaaanns 111
MPG-based delivVery OFf SIRINA ....... et a e e e s e e se s s asannannnnnnnnnnnnes 111
Nanoparticles for intracellular delivery of SIRNA ........ovviviiiiiiiiiiiisisisissasa e 111
Protamine-antibody fusion proteins for delivery of SIRNA to cells..........c.ccovvviviviiiinesennnnnn. 111
Protein transduction dOM@INS ..........uuiuiuiiiiiiiisiisisis s s s s s s e e aes 112
Phosphorothioate stimulated cellular delivery Of SIRNA.........ouveuiiiiieiieiaseseieiesesasesnnnnes 112
Targeted delivery of siRNAs by lipid-based technologies.........cccvvviiiiiiiiiiiiii e 112
Delivery Of SIRNA-IPOPIEXES .....vreriririee et te e as e e e e se e e e s s annnnnnnnnnnnnnnnes 113
Lipidoids for delivery Of SIRINAS ........iuiriiiiiiiii s s s s s s s s s e e aes 113
JAVL=To] ] o] (e Il = Yol s T To ] (o e V2 114
L= O 1= 1 L= 114
Systemic in vivo delivery Of lIDOPRIlIC SIRINAS .........eneeesesseeaaeaeesasesasesrareseannnnnnnes 114
Systemic delivery of siRNAi by lipid nanoparticles ..............coovoviiiiiiiiiiiiiiiiiiiiiiiisininisianns 114
Challenges and future prospects of lipid-based SiIRNA deliVEry .........ccvveverevesiieieininiinanns 115
1T o oo =] o 115
JAV[0To1[=To) =Tl 0 gl =Tl g 1 0 To ) oo J V8 e 116
Visualization of electrotransfer of siRNA at single cell IeVel ...........coveveveiiiriiiiiiiiiinnnnnns 116
Intravascular delivery Of SIRNA ...t s 116
27mer siRNA duplexes for improved delivery and potenCY .....cocveveveieieiiiiiiiiiieie e eneens 117
LTS I I O L PPN 117
DNA-based plasmids for delivery of SIRNA ......ciiiiii e er e nenenens 118
Convergent tranSCriPtiON..........vueeei i e et et et 119
PCR cassettes expressing SIRNAS ... .o e e eeas 119
Genetically engineered bacteria for delivery of ShRNA.........coiiiiiiiiii 119
Viral vectors for delivery of SIRNA ...t e e e e aeees 119
AAENOVIFGl VECEOI'S .o.veeeiiii ettt e st s sttt as e nenens 119
Adeno-associated virus vectors for SARNA €XPreSSiON .........uuuiirisiiseiesesesesesasssssnsnenananss 120
[27: 1ol 0] [0 XV 1 U I =Tl (o] PP 120
LeNtiVIral VECEOIS ...vvveiiiiiiii ittt 121
Retroviral delivery Of SIRNA ... ..o r i r e e e 122
Transkingdom RNAI delivery by genetically engineered bacteria.........cccovvvviviiiiiiiiiiiiiiieenns 122
Delivery of SIRNA WIthOUL @ VECLOK ...uuiiiiiii i e e e e aeaes 122
Cell-penetrating peptides for delivery of SIRNAS ......o.iuiiiiiii e 123
Role of nanobiotechnology in SIRNA AeliVEIY .....cueiiieieii e eaens 123
Chitosan-coated nanoparticles for SIRNA deliVErY ........c.ouiriiiiiiiiiiiiiiiisiisisissiieaaaans 123
(0ol [oe =3 g [ M T= T L) o= L x (o (=1 124
Delivery of gold nanorod-siRNA nanoplex to dopaminergic NeUrons ..............cccvvvevesenesesens. 124
Lipidic aminoglycoside as SIRNA NANOCAITIEN ..........ceereressssssssssssssssssasssisssrsnsnsnsnsnrnsnnes 124
Lipid nanoparticles-mediated SIRNA AEIIVEIY ..........cuueiriiiiiiiiiiiiese et 124
Nanosize liposomes for delivery Of SIRNA ........o.eeesrs et sa s s raeansnaennnnnnes 125
PAMAM dendrimers for SIRNA delIVEIY ..........oeiiiiiisse e enaes 125
Polyethylenimine nanoparticles for SIRNA deliVEIY .......ouvueueeeeiiiiiiiiiiiiiiseieieseseaeaenanenaes 126
Polycation-based nanoparticles for SIRNA deliVEIrY .........ovuveieieiiiiiiiiiiiiiiieieieieieeaeeee 126
Quantum dots to MOonitor SIRNA AEIIVEIY ........eeeeeeseaeaat ittt esasasasasaaaaenenanenas
Targeted delivery of siRNAs to specific organs
SIRNA delivery t0 the CNS .......e.eeeeee ettt ettt sttt s s as e aesas s s asananssannnnas
SIRNA deliVEry t0 the IVEI ... ..ot e e aeeas
SIRNA deliVery t0 the IUNGS .......eneeeeee ettt ettt ts e e e te e sa e e ansesasannns
Control of RNAiI and SIRNA leVels ....ciciiiiriiiiisisieimiererssssssa s ssssssssssssssssssssssasasasasasasasasass
siRNA pharmacokinetics in mammalian cells
Mathematical modeling for determining the dosing schedule of SiRNA.........cccocviiiiiiiinns 130



Assessing siRNA pharmacodynamics in animal models.....ccciiirimiimnmrarnmrernressssnsssnnsasnns 130
Research on siRNA delivery funded by the NIH...........ciciiiiiimiiiiiiier s naaanes 131
Companies involved in delivery technologies for SiRNA .......c.cieririmimimiisiesemesessssassasasass 131

5. RNAiI in Research ...cccciiiiinnisssssnssnnsssssssssnnsssssssssnnnssnssasssnnnnnsssnnnnnnnnns 134

INtroduction ...iiciiieris s 134
BasiC RNAI FESEAICH ..uuiuiiiiiiiiiiii e aeas 134
Antiviral role of RNAI in animal CellS ...........ccovviiiiiiiiiiiiisiiiiisiiisii i 134
Combination of siRNA with green fluorescent protein .............o.ooeviviiiiiiiiiisiiiiiisiiieiinans 134
Detection of cancer MUEAtIONS ........cvuviisiiiiiiiiii it s e aaaans 135

GENES AN [If@SPAN .. ..iviieiiiii s 135
Inducible and reversible RNAI ..........vuiuiiiiiiiiiisi it 135
LOSS-Of-fUNCEION GENELIC SCIEENS ...e.veisiiiaeie ettt ettt s e s s e s ans 135
Profiling SIMAII RINAS ...ttt e ettt ae e e s e e e s s nnannnsnen e ennes 136

RNAIi for reSearch in NEUIOSCIENCE ..........vuiueiiiiiie et s st s s e e ans 136

RNAi and environmental r€S€arcCh ...........ccvuviiiiiiiiiiiiiiiiisis i 137
Silencing SNORNA GENES .....u.uiiiisiiiii ittt a s s s s s s s e a s e e ases 137

Study Of SigNAliNng PAtNWAYS .....verieei e e e e e e e e e s rarararnnennennnees 137
=0T LT T Loll 2 A2V 138

Use of RNAI to study inSULIN @CtiON ..........eisieiiseee ettt ettt e s aaeaaaaneaaas 138
Applied RNAI reSearch ....cuieieieieieiemermsss s s s s s s s ssssssssssssnsnsanannnnnnnns 138
RNAI for gene eXpresSSion STUAIES ....u.i.iiiiirisrrr s e e e e e e e e e e e e e e e e e rarnes 138
Microarrays for measuring gene expression in RNAI......cooviiiiiiii e 138
RNAI for functional genomiC @nalySis .....vuiuiiiiiiiiiir e e araes 139
RNAJ StUdIEs 0N C. €lEGANS........iuirisirii i s s s st a e aes 139

RNAI StUAI€S 0N DIOSOPRIIA. .....vsesesisieee e e e e e e e e s s s r s nnnsennnnnnnnes 140

LT AV T o = = o - e 141
Testing the specificity Of RNAI.....ouiuiiii e e e aenees 141
TiSSUE-SPECITIC RINAT Louiuiiiiititi e s e e e et e e s e s a s e s aeaens 141
SiIRNA-mMediated gene SilENCING ..uuiuiiiiiee e s e e e ara e e nenenenenes 142

R A 1o = [ o [T PP PPN 142
Universal plasmid SIRNA lIDFary .........eueeesesesessssseeeee s ee e e ssrarsnaesnsnsannsnanansnanenss 143

pDual library using plasmid VECEOI ..........vuvuiiisisiiiiisiiisisiiiisis s ea s s saeas 143
PHIPPY PIasmid VECEOI IDFArY .........eeeeeseseeaeee et e e e asasassassssnssnsssnnnnnns 144

SIRNA libary including MIRNAS .......cuiiiiiiii et e s s raeas 144

SIRNA libraries using pREtrOSUPEI VECEOI .........vuseisisesisessssasasasasassnensssnsnnannnsnnnsnnnnes 144

SIRNA produced by enzymatic engineering Of DNA..........oovviiiiiiiirisisiiiiiiiiiiiiiiaeens 144
SARNA [IDFAIIES .c.vvviiiiiii ittt st s s s s a s s e s ans 145
Enzymatic production of RNAI lIDrary .........ccoeviiiiiiiiisisisisiiiiiisaass s ssss e 146

RNAI and alternative SPliCING ...vuieiiiiii e e e e e e e n e a e aenes 146
RNAI in @animal developmEnt. ... 146
RNAI for creating transgeniC @nimals ...........cvieeeeisesessseee e e s sasarararansnnenennnnes 147

RNAI for creating models of neurological diSOrders ...........c.oooviriiiiiiiiiiiiiiiiiiiiisisieenns 147
Research support for RNAI in US.....ciciieieiameremememererrsmsmsmsssssssssssasasasasasasasasasassssssssssssnsnsnss 148
(23} AV 0 it W ) q ol Y =1 g o] o o 1ok PP 148
Role of RNAI in the US biodefense reSearCh .........oviiiiiiiiiiiiiniiii e 148
LTSI RN YR @] g =Y} o o[ o PP 148
Research support for RNAi in EUFOPE . .ciciaiererererererarararrsrsssssssssasasasasasasasasasasasassssssssssnsnsnss 149
European Union for RNA Interference TeChnOolOgy ......cvvveieiiiiiiiiiiiiii e 149
Research sUPPOrt Of RNAI . ....uieie e e e s e e e e e e e e e e e e nna e rnenes 150
Role of RNAI in MitoCheck ProjeCt ...uuieieiiiiiiere e e e e e e e aenes 150
RNAI Global INitiative ..c.ciciiiiririiiiiiirrrre s s v r s r s s nr e n s s s s nannnnnnns 151
£ 1 200 T o o 0 20 s T o 1= ot 152
6. RNAI in drug diSCOVErY ..iiciverirrerrerramrassassanssnssnssnssnssnssnssnssnssnssnssnnsnnsans 1594
Basis of RNAI fOr drug diSCOVEIY ....uiuiuiiiiiiiiiiiirr st s e e a e e e e raes 154
RNAI for identification of genes as therapeutic targets .........cooviiiiiiiiiiiire e 154
Role of siRNAs in drug target identification ........c.cooviiiii s 155
Use of a genome-wide, siRNA library for drug diSCOVErY .........cuvuviiiiiiririiiisisisesisnisssaninans 155

Use of arrayed adenoviral siRNA libraries for drug diSCOVEry ...........ccvviiiiiiiinerisiniininininanns 155

RNAI as a tool for assay developmMENnt ... ...u.iiiiiiie e aes 156
Targeting human kinases with an SiIRNAI library .......ccovviii s 156
Challenges of drug discovery With RNAI ...t ar s e e eenenes 156
Express Track®™ siRNA Drug DiSCOVErY PrOgram.........ceeveuuiieereriieessiieeesesineeesssneesssseeessnnnns 157
Genome-wide siRNA screens in mammalian Cells ........oouviiiiiiiiiiiiii e 157

L s L=l e o) 2] (o 1 PP 157
Natural antisense and NCRNA as drug targets .......coviiiiiiiiiiii s 158
RNAI for target validation ... 158
Delivering siRNA for target validation in ViVO ..........ccveverisisiiiiiiiiiisisssssaseseaeaesenenannnnnes 158
Off-target effects of siRNA-mediated gene SilenCiNg ..........ccouvveiiiiiiiiiiiiisisisiiiiiaanananns 160
Bioinformatic approach to off-target effects..........ccvuviveriiiiiiiiiise e 161



Validation of oncology targets discovered through RNAi SCre€ns.........c.cevuiveviiiisiiiniiinnnnnns 161

Selection of siRNA versus shRNA for target validation..............cccoovvviiiiiiiiiiiiiiiiiiieians 162
Application of RNAI to the druggable genome .......ciiiiiii i 162
Application of siRNA during preclinical drug development..........covviiiiiiiiiiiniii e, 162
SIRNAS VS small MOIECUIES @S AIUGS. . uvuiuiiiieieieieie e e e e e e a s enenenenenenes 163
SIRNAS VS @NTiSENSE AIUGS. . uiuitiniiiiii e e e e aaeas 163
RNAI technology in plants for drug discovery and development..........ccoviiiiiiiiiiniiiiieens 164

Application of RNAi to poppy plant as source of NEW drugs ...........cocvvuiiiiiiiiiiiininiiininenn 164

7. Therapeutic applications of RNAi .......cccvcvimmiris i s s s s sssssnsnnses 166

B 00 L o T [T ot o o 166
Potential of RNAi-based therapies ......ccicieiiiiiriir i sr s s s s s s s s s s s snannnnanas 167
In vitro applications of SIRNA ......c.cccciciiiiiciiir i s s s r s n e nanannnnns 167
In vivo applications of RNAI.....ccciiiiiiroier i s s s s s s s s s s s assssssassassssassssnsnssnsnnnnss 168
RNAI and cell therapy .iciciciciriiiiisiiiirrrrerere s r s s s sasnsnsnnnnnnns 168
Gene inactivation to stUdy NESCS.....cuiiiii i s 169
RNAI @Nd SEEM CeIIS ..uvieieiiiiitii s 169
Cell therapy for immMUNE diSOIAEIS ....uiuiieiii e et et e e e e e aeneanans 170
RNAI gene therapy .ciciciciereiaiirniiiiiii s s s s s s s s s sasssssnnnnnnnnns 170
Drug-inducible systems for control of gene eXpresSsSion........v.ve v iiiiiiiieiirrr e 170
Potential side effects of RNAi gene therapy.......cocvoviiiii 171
Systemic delivery Of SIRNAS .....vii e a e s e s e ee e e e rens 171

In vivo RNAI therapeutic efficacy in animal models of human diseases............ccovvvivininininennns 172
BT T 0 T =T ot o o T 172
RNAI approaches to viral iNnfECtiONS........vviiiiiiii 173
Delivery of SIRNAS in Viral iNfECHIONS .........v.esseeesss e eee e e e s ea s r s rarnsenennnnnnees 174

RNAI applications iN HIV ...uuiuiiiiiii st a e s e e ranes 174

A multiple sShRNA approach for silencing of HIV=1.........curiiiiiiiiieeieseenesesassnasnsnsnenanss 175
Anti-HIV ShRNA for AIDS IymMphoOmMa@.........ccuiiiiiiiiiiiiiiiiiiiiisisisssia i asaenanes 175
Aptamer-mediated delivery of anti-HIV SIRINAS ........eeeeeiiieetesessseseseesesasasasanaenenanenanes 175
BiSpecific SIRINA CONSEIUCES ...vvvsiiiiisisiiiii i i et s s s s s s a e e e e es 175

Role of the nef gene during HIV-1 infection @and RNAI ..........uevruiriiiiiiiiiiiieieiniesennnnnnnnes 176
SIRNA-directed inhibition of HIV-1 iNfe@CtION ..........ccvuiuiiiiiiiiiisisisisisssas s aaeaeas 176
Synergistic effect of SNRNA and SIRNA ...t s s ssar s rrnnnnnnnnnes 177
Targeting CXCR4A With SIRNAS ......viviriiiiii i s s s st as e as 177
Targeting CCRS WIith SIRINAS ......vseee e ee e et e e e e e e e e s n s n e e e nsnnnnnanansnenenss 177
Concluding remarks on RNAi approach to HIV/AIDS ............covviiiiiiiiiiiinisisisisisiiiisananns 178
INfIUBNZA «oe e 178
Inhibition of influenza virus DY SIRINAS .......c.vuiriiiiiisiiisisi i aeaeas 179
Delivery of SIRNA iN INfIUGNZA ........vviririeeees et e e e e e e e e s s s r s n s rnsennnnnnnnnes 180
Challenges and future prospects of SiIRNAS for inflUeNZa............cocvveviiiiiiiiiiiiiiiiiiniiiinnnnnn, 180
Respiratory syncytial and parainflUenNza VIrUSES .......ovivieirieiiiiii e aeaes 181
Coronavirus/severe acute respiratory SYNAromMe .....ovieieieiiiiiiiiiirr e 182
HErpES SIMPIEX VIFUS 2 1uuveieiiiiiiiietie ettt r e e e s er e e e s e e e s e s e s s s s e e e e e e e nnennrnrnrnrnnnens 182
HEPAEIEIS B uueitiiiii i e 182

L (=T 0 T= L) o O A o 1= PPN 183
(@372 0T 0 T=To 1= 1011 o1 =N 185

] 00 = Y = 185
siRNA vs antisense oligonucleotides for viral infections ........ccoviiiiiiiiieas 185
siRNA against methicillin-resistant S. qureus ........c.cccicvcrcrirein s e 186
RNAi-based rational approach to antimalarial drug discovery .......cccicvararirrarrsrsnsnseseasas 186
Inhibiting the growth of malarial parasite by heme-binding DNA aptamers...........cccovviviiininens 186
siRNA-based antimalarial therapeutiCS .......vvvvieiei e eenes 187
RNAI applications in oONCOIOgY......iuiuieieimiererrrrer s s s s s s s s s sasnnnnnnns 187
Allele-specific INNIDIION ....ve e e n e nnnens 188
Drug delivery issues in managing cancer by RNAi approach..........ccocviiiiiiiiiiiinininine 188

| gl al1 T ku o] o To) o] g Tele Yo 1= o == PPN 189
Modification of alternative spliCing iN CANCEN ... ..oiiiiiieiii e 190

[ o = =] = 190
Overcoming drug reSiStanCe iN CANCET ....iiiiieie et a e s e e enenenes 191
Targeting fusion ProteiNs iN CANCEI ..........u.sseesesesesesteseesesesaaessasararansnsssnsassanenenanenens 192
Increasing chemosSenSitiVity DY RINAI .........oeoeie i eeeas 192

RNAI approach to study TRAIL ...uvieiiiiiiiiiise e e e e e e e e e e e e e e e n e e e rannes 192
RNAi-based logic circuit for identification of specific cancer cells...........cccvvviiiiiiiiiiiiiiins 193
SiIRNAS for anticancer drug iSCOVEIY ...ttt ittt ea e e e e e araraenenenenenenes 193
SiRNAS for induCing CanCer iIMMUNITY «.o.vueiii e a e e s e e e e nenenenes 194
SiRNASs for inhibition of @aNgiOgENESIS ....vuviiiii i e e e 194
siRNA targeting the R2 subunit of ribonucleotide reductase ..........cooiiiiiiiiiiiiiii s 195
1200\ 7AN8 (o] gt or=a Tel=T gl ol aT=Tn a To] o] A V2= o Yl [ o PPN 195
siHybrids vs SiRNAS as anticancer @agents .....o.ouiuieieiiiiii e 195
Nanobiotechnology-based delivery of SIRNAS .......ciiiii e aeaens 196



Lipid nanoparticle-based delivery of anticancer SIRNAS .........vvuiiiiiieiiiiiiiesiiiasiisesiaanains 196

Minicells for targeted delivery of nanoscale anticancer therapeutics..............c.cocvvuiuiiinnns 196
Nanoimmunoliposome-based system for targeted delivery of SIRNA .........cccovvveiiiiiesenennns. 197
Polymer nanoparticles for targeted delivery of anticancer SIRNA.............cc.cvvieieieiesesesnnnnn. 197
RNA nanotechnology for delivery of cancer therapeutiCs ...........coovviiiiiiiiiiiiiiieieienenennns 198
Targeted delivery of a nanoparticle-siRNA complex in cancer patients.............ccccuevivinann, 198
RNAi-based treatment of various CanCer LY PES...cuiiiuiiiiiiiiiii i e as 199
RNAi-based therapy Of Brain CANCEI ..........uuvuieiiiiiiiiiiiie et a e asaa e 199
RNAG iN Dreast CANCEN ......uuiuiiiiiiiiisiis sttt st s e aasans 200
RNAi for enhancing hyperthermia/chemotherapy in cervical cancer ..............cccocvvvvuiiinnns 201
L4\ ZZVI=TgTe M olo] [oTg'=To = o= o Lol o 201
RNAI @nd EWING’S SAICOIMI@ ..uvuisisiiisisisisisiiiiiia it asas s s s s s s s e s s s s s s s e e asanes 202
LEd A VA= T Lo B L0 (=T = 202
JRTLVZAVI= T T I 3] g e o= Lol ol e 203
LEd A VA= Lo I 0 =1 =g o o - 203
RNAI @nd pancCreatiC CANCEI .......uuiuirisisiiiiiisii st s s a s s s s s s e e anes 204
RINAI @Nd ProState CANCEI . ... ..urs ittt ettt ettt ettt ettt s st s st e s s tasatasssansnsans 204
Genetic diSOrders....ciciiiiirrirare st r s r s R r R r R R a
RNAi for skin disorders
Experimental studies for RNAi applications in skin disorders ..........cccovviiiiiiniiiiiniiiee, 205
Clinical applications of RNAI in sKin diSOrders.......cciuiiiiiiiiii i e aeas 206
Pachyonychia CoONGeNITa.....ouiuiuiiiii s 206
Neurological diSOrdersS ...ciciaiiriririnininiarasararasasasarararsrarsrsrsnsssssssssasasasasasasasasasassssssssssnsnsnsnnass 206
RNAI for neurodegenerative diSOrderS........uiiiiiiniriniriieieii e a e 207
AlZNEIMEI'S AISEASE .. ..iviviiiiiii i 208
ParkinSON's @ISEASE .....uuuvisiiiiiisiii e 208
AMYOtrophicC 1atEral SCIEIOSIS .....vveess et e e e et s s st n s e e nnnanenanesenenss 209
10 e[ == X1 =X 210
Polyglutamine-induced Neurodegeneration ........ucvevererererereieinreeeenenenea e rnereaesererererarnrnenens 210
Fragile X syndrome and RNAI ........uuiuiriiiiiiiii i s s s s s s e s e e e e 211
RNAi-based therapy for HUNtington's diS@ASE..........cuvevuresereseisaasisieasssisinsninsnsnnnsnsnsnnes 211
Combination of RNAi and gene therapy to prevent neurodegenerative disease....................... 212
Role of RNAI iN pain therapy ..o 213
Role of RNAI in repair of spinal Cord iNJUIY ...vvieieiiei e e e e e nenenens 213
Role of RNAI in treatment of multiple SCIeroSiS.....c.cvviiiiiiii 214
siRNA for Duchenne muscular dyStrophY ..o e eenes 214
SIRNA fOr AYSEONIA. .ttt a e 214
RNAI in ophthalmology .icicieieririiimimieieieiereresresarerarrrsrsrsnsssssssssasasasasasasasasasasassssssssnsssnsnnass 215
Age related macular degeneration ... ...cvviiiiiiii 215
Current treatment Of AMD .........vuiuiiiii ittt st s e e 215
RNAi-based treatments fOr AMD.........c.ouiuiiiiii s r e ees 216
DiabetiC retiNOPAtNY uuv e e aans 217
Retinitis PIgMENTOSA ... vt 218
RNAi and metabolic disorders........cciciiiiriimirriimsrirsr s s nanannns 218
oY= T IR0 =1 1 219
Genes and regulation Of DOAY At ........e.eeeee ettt et an s aaaaaeaenanenenes 219
RNAI @Nd di@betes. .. cuveieiiiiii s 219
Regulation of insulin secretion by @ MIiRNA ..........e st tesr s rraeanaenennnnes 219
RNAI for study of genes in animal models of diabetes .............coovviriiiiiiiiiiiiiiiiiiiiiiisiian 220
RNAI for drug diSCOVEry iN di@bEteS ............vuvueeeisissss e e e tsar s raraesenenannnaes 220
RNAI for treating liver dysfunction in di@betes............cocvuvuviviiiiiiriiiiiiiiiiiiiiiisisiseeeae 221
SIRNASs for study of gluCOSE tranSPOITEr ..........v.eeeisissss e e e s ar s r s reanennnnnnes 221
SiRNAs for targeting adipose inflammation in diabetes and obeSity ...........c.ccovvviviiininnnnn, 222
RNAI in hematology ticirererriririminininiararararasessesesararsrsrsnsnsssssssasasasasasasasasasasassssssssssnsnsnsnsass 222
Stem cell-based gene therapy and RNAI for sickle cell disease .......ccvvvvviiiiiiiiiiiiiiiiiiiieeiens 222
RNAI and disorders of the immune system .....c.cicrererriririnininieiereresererasarseresarsrsssssssssnsasass 223
SiRNA applications in iMMUNOIOGY ....iuiiiiiiiii e e e 223
Use of RNAI in transplantation ... e e e e e e e e e e e eens 224
RNAI for cardiovascular diSOrdersS.....cicvierererrerrrerersrssssssssmsmssssssasasasasasasasasasasasasssssssnnnnns 224
RNAI for hypercholesterolemia. ... ...v. v e a e e aeaes 225
siRNA targeting NADPH oxidase in cardiovascular diSEasesS.......cucuvuiiiiriiiiiiiiiiiiiiiiiiiieneiennanans 225
SsiRNA for study and treatment of ischemia-reperfusion iNjury .......cccoiciiircisiners s 226
RNAI in respiratory diSorders.......ccvcveieimimrererrmarressrsrssssssssissssssssasssesasasasasasasasasasasssssnnnnns 226
[T 2 VAN (o] oAV 2=y ol 1 o Y] = 226
[ 200 N (o] =13 o a1 o o - T PPN 227
RNAi for musculoskeletal disorders .........ccciiiiimimiiriireriir s annns 227
RNAI for rheumatoid arthritis ... v e e aaeeas 227
XA VAV IR o gl oo g 1= e [ =TT s [T ol P 228
RNAI for treatment Of OStEOPOIOSIS. ... ...cuiiieeee s e e r i r e eeaenenees 228
Research relevant to RNAi-based therapies at academic institutes ........c.cocciiiiiinieiianann 229
Laboratory of RNA Molecular Biology, The Rockefeller University .........cccovviviiiiiniiineniiiiienns 229



RNAIi Center, La Jolla Institute for Allergy & Immunology .....ccovviiiiiiiiiiiiiie e 229

Clinical trials of RNAi-based therapies.......c.cociiciiiiiiiiiiciiiers s 230
Improving efficacy of siRNAs for clinical trials by improved delivery..........ccooiviiiiiiiinninnennnnns 231
Role of RNAi in development of personalized medicine........cccieiiiiiirreiiraniiariennneees 231
Future prospects of RNAI ...ciciiiiimirrrs s s s s s s s s s s ssasassassssassnsassnsassnsasnnsnnns 232
Challenges for the development of RNAi-based therapeutics.......cccvviviiiiiiiiiiiiii e 232
. Safety, regulatory and patent issues ......c.ccviciicriciic s rre e e re e e 234
B 00 L o T [T ot o o 234
Limitations and drawbacks of RNAI ...c.ccucriirirrissrrissrrnss s s s s s nmnnnnns 234
Adverse effects Of RNAI .....cicieiiiiiiiriiirrisi st sss s s sasassssasasassasasassasanansass 234
Effect of SIRNAS 0N iNtEIrfEron FrESPONSE ..uviuiiiiiit e e e aeneanas 235
Detection of INTErferon FESPONSE ... uuiuitiiiii it r et e e e e e enens 235
Prevention of the interferon response in RNAI .. ....iiiiiiiiii e e 236
Overcoming the innate immune response to SIRNAS .......ciiiiiiiiiii 236
Toxicity associated With RN AT ... e e e e eeas
Selection of siRNAs to improve spec
Regulatory issues relevant to RNAI.....cccicvrrrrerrerarsrsrsmsnsnmsmssssasasasasasasassssassssssssssnsnnnns
2 o - L=
Companies with strong patent POSItION ......ocivieieiei e 238
AINYIGIM oo 238
== = ol e 241
=T o 241
(00 1n 21T Ta e T Tol=1 0o [or= | P 241
Y= I L= = 2= L ot 242
. Markets for RNAi Technologies ......cccvmimmimmerisi i s s s s snnssnssnsnnnnns 244
B 00 o e [T ot oo o 244
Current and future market potential for RNAIi technologies .........ccoimimimimimrerrrararasasnnans 244
LR N I == T T o) 245
Lo 0 = == 245
RNAi-based drug discovery and target validation ..........cooviiiiiiiiiii 245
RNAi-based development of therapeUEICS ......oviviiiiieiii e aenens 245
RNAIiI market potential according to therapeutic areas...........cocvvirirsrsrsrsrssnn——. 246
Market for viral INfECLIONS ...viviiii i 246
1= = o o o= o o= o 247
Market for age related macular degeneration........cvveveieieiiiii e aeaas 247
Unmet needs in RNAT .ciiiiiiiiiiimisisisisr s s s s s s s s s s s s s s s s sasasnsnsnsnnnnnnns 247
Strategies for marketing RNAI ....cicvcirrriminininieiesesasesesssssssssmsssssssssssssasasasasasasasasasasasass 248
Choosing optimal iNdICAtIONS .....uieiii e 248
Strategies according to the trends in healthcare in the next decade ...........ccoovvviiiiiiiiiininennnnns 249
Concluding reMaArks ....cieeirrerererer e r s s s s s s s s nnnnnnnannnn 250
10. Companies involved in RNAi Technologies .........c.ccvvcrierieriesiennees 252
B0 o e [T ot oo o 252
Major players in RNAI ciciciciciiimininisisiesasasasasasasasasasasarsssnsssssssssssasasasasasasasassssssssssssssssnsnsasass 255
Profiles of COMPaNi@sS...ciciiiiiiriririsieiirrrr s r s v s s s nran s s s s s s s nnnnnnns 256
L0 | =T o T = T T T 444
11. ReferencCes...iccciiiriinnsnsnnnnssnsnnssssnnssssnsssnsnssssnnnsasnnnsnsnnnsnnnnnsnnns 492
Tables
Table 1-1: Classification of small RNA MOIECUIES........ovuiiiiiiiiii e 26
Table 1-2: Mechanisms of small RNAs involved in gene SilenCing .......cooviiiiinininiiir e 27
Table 1-3: Historical landmarks in the evolution of RNAI .......ccciiiiiiiiiiii e 30
Table 2-1: RNAi versus small MOIECUIES. . ...t e e e e e e aenes 36
Table 2-2: Providers of software for SIRNA deSIigN ....uuiuiiiiiiiiieeee e e e e eaaens 42
Table 2-3: Methods for the production Of SIRNAS .......iiiiii e e 46
Table 2-4: Advantages and limitations of methods of shRNA-derived siRNA knockdown................cuee. 54
Table 2-5: Comparison of @iRNA With SIRNA ... e e enenes 55
Table 3-1: Methods for MiRNA target prediCtion ......iviiiiiiiiir e anens 74
Table 3-2: miRNA expression in neurodegenerative diSEaSES ... .uuiuiriririiiiiiiiiiiiirrerere e eenenenes 81
Table 3-3: Dysregulation of miRNA expression in epithelial CanCers.......ccvviiiiiiiiiiii e 86
Table 3-4: Companies involved in miRNA diagnostics and therapeutics...........cooviiiiiiiiiiiiinnineneens 101
Table 4-1: Methods of delivery of 0ligonNUCIEOLIAES .....vuiuiiiiiii e eas 104
Table 4-2: Methods of delivery of SIRNA ... e ens 109
Table 4-3: Companies developing siRNA delivery technologies......c.vveieiiiiiiiiiiiiiie e 132
L o LR T B ) AN I 11 o o= o (= PP 142

-10 -



Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

Figure 1-1:
Figure 1-2:
Figure 2-1:
Figure 2-2:
Figure 3-1:
Figure 3-2:
Figure 7-1:
Figure 7-2:
Figure 8-1:
Figure 9-1:

6-1: Delivery of siRNAs in vivo for target validation ........c.coviiiiiiiii e 159
6-2: Selection of siRNA versus shRNA for target validation ...........cocoiiiiiiiiniie, 162
7-1: RNAI-based therapeutiC approaChes. .. ..o.iiiiiiii e aeas 167
7-2: In vivo RNAI therapeutic efficacy in animal models of human diseases............coccvuveninnnnen 172
7-3: Inhibition of viral replication by RNAI ..ottt aeas 173
7-4: Cancer-associated genes that can be targeted by RNAi .......coviiiiiiiiii 189
7-5: Neurological disorders that have been studied by using RNAi........cccoviiiiiiiiiiiiieeenes 207
7-6: Clinical trials of RNAi-based therapeutiCS.........cvviiiiiiiiiiiii e 230
9-1: RNAIi markets according to technologies and reagents 2011-2021 ......cccvvviieieieinininininnnnns 244
9-2: Markets for RNAI therapy for selected diseases: years 2011-2021 .....ccceviviiiiiiiinininininnnnns 246
10-1: RNAI reagent, technology and service COmMPaNIeSs .......vvvririniiiiiiiieiennnerererererererernennes 252
10-2: Pharmaceutical companies using RNAI for drug discovery and development................... 253
10-3: Biotechnology companies using RNAI for drug discovery and development..................... 254
10-4: Companies developing RNAi-based therapeutic products .........ccoceiiiiiiiiiiiiiiiiieeee 255
10-5: Major players iN RN AT . ... r s e e e e e e e e e e e e e a e rnrnrnes 255
10-6: RNAI products Of BENITEC ...uviiniiiiiiiiiiiii e a s 276
10-7: Proprietary reagents of IMUTRES .....viviiiiiiir e r e nenens 331
10-8: Product pipeline of Silence TherapeULICS ... . uvviiiiiiiiiiiiiiiii e 413
10-9: Collaborations in RNAi t€ChNOIOGIES .....vuviiiiiiiei e nenens 444
Figures

Relationship of DNA, RNA and protein in the cell ... 19
Schematic of suppression of gene expression by RNAI ......coviiiiiiiiiiiiree e 27
Overview of ShortCut RNAI Kit....iuiuieieiiiiiii e 38
Gene silencing by RNAi induced with ddRNAI ......oiiiiiiiirrr e 52
A schematic MIRNA Pathway ....oviiiiii e 58

Molecular mechanisms of MIRNA generation ........v.viiiiiiiiiiirrrr e e e 59
Targeting disease DY RNAI.....iuiiiiiiii e 166
Role of RNAIi in personalized MediCiNe......ocuvieiiieieieiiiire e a s aenenens 232
Problems with use of synthetic siRNAs and measures to prevent them..............cocvvinnnn 235
Unmet needs in RNAI t€ChNOIOGIES ....uvuiiiiiiiie e arnenens 248

-11 -



