I7 6 ANABUNATIAN — IABUSUINAN 2554

J1sd1s nalnvoaiiwus
Ui 6 iounnsIA 2554
unmwiluy>mms dnsumsiinndoiiovmuinaddmaas (on-line)

ns51i11alsaa1a RNA interference (RNAI)

W EYL

LNRTENRATU NG WRIINLIRBVB LA (N.1.)

MM EnTunITUAa 81218 RUIAFATUATHUIIAINTINAIRAT NANFATUWIBITA annduan
T inguszuemaat anInmasufaa (..

WETNITIUIYNIT §1ne NANIUTIAUANINIZIU FBNINBAHBZNITNAITOINITURZET NIZNTI

mmimqm

YR\ 1-000-SPU-000-1108-01
NwAaefAa 2.0 vieRemsansndaliias
TWATUTE 1 FIMNAN WA, 2554

'3'uﬁ1amamq: 1 RIWIAN W.¢. 2556

anUszasABanginiva

1. wadhliinnuidyaenizuauns RNAL ludsfidia

2. NNTNATLNHAING INNTTINNUURI RNAI WaZHENANNLANANNTEAIY SIRNA LAz
miRNA

3. snInendlatwelasiauaziturilalunsiinizuiuns RNAI luldidasnenlsn

4. g1ANTOUNAI Eh\‘mﬁj;lliiﬂﬁ (Hutinan ﬂl%ﬂﬂigﬂ BIAWNTZUIBNTT RNAI

UNAAYD
nﬁ 2 a {d‘f 2 a a cl' v 4 ] n'

wislunmsaunumadngimsasiuguauiidnenaedslomiadsdluns
L™ 1 =Y v . . ‘é
wwmmaﬂaﬂgmmmam%ﬂi:qﬂ@?ﬁa MIAUNLNIZTLIBNT RNA interference (RNAI) 44
ﬁuwmwﬁﬂﬁmﬂumsmuqmmﬂmmaaﬂﬁu mmmﬂaaﬁumiqﬂ@mad"LﬁaTmmaww:
luraaie wazdugInsuaadsaanvadbuiafandold (transposon) lasr1unNTrinen

= ' . . A °
PYDIDNSLAWLAYUIALAN LT siRNA miRNA #3a shRNA GIINITONARIAVINAN8NNT
LEAIDDNVAIHWTINANIY Db TTAUNKLANAIING LT TEAUNITNAATRE RRINITNAATRE
. . A [ s s 1 o ¥ dl s
(post-transcription) %38 NTLUKTAE mnmmaﬂmagﬂmmﬂi:qn@ﬂmﬂmmJ (1)
=< o A a ° v a = a = '

msdnswsinAvasiu (2) mahanlkiduen Senin “Buwnani I@ﬂmﬁgﬂimﬂmmﬂ

% 13nAaLTa T l3auztss ISﬂ‘YI’NVTWgﬂii%J Tsaan wazlsanala iludw agrelsAany



Inglndaeilnug (atiunisAnmaaiilaanindaaans)

@ [ v aa . A o ' A o [ P e A P
LLquﬂqiiﬂﬂquﬂ@jﬂjﬁ RNAI ﬁ]:&l“llaL(ﬂquLiﬂdﬂﬁ&lmL‘Wﬂﬂuﬂ”ﬁiﬂ‘]m LL@IEIG&I‘]jE].IUWWI
o o 1 v o v A o o
a’]ﬂfyﬁa ﬂqiuqaﬂﬂ’]Lm’]gLsﬁaﬁLﬂ’]%N’]U ﬂ')']&.lﬂ\‘]@]ju,ﬂzﬂjquﬂﬂa@ﬂﬂ Gﬁdﬂdﬂd@adﬁfﬂi

= Y a o IQ{ o v 1
wamliiAanasunigigalumahluls daly
A1d1A: RNA interference, siRNA, miRNA, RNAi application

1. UNWI

BUAILATNTABNLNTZUIRAT RNAI ludaidszinnnua Caenorhabditis elegans (C.

elegans) \latl a.¢. 1998 lag a&a319138 Andrew Z. Fire LazA&a319158 Craig C.

14 . [ [ a [

Mello' @3diaanlaiusedaluuamanaidingilul a.qa. 2006 msns ldaydisunuin

A aINIZUIKN1T RNAI lunsauginisuaadaanuasdule C. elegans laaniy

o = A Y

Mansiauansiauia (MRNA) T9gdnaliiinsuaasaann1anianIwaad C. elegans

P v n:%' ) v =® a v ] A 1 1 a

wWanuudadld andeasufvinlélinsfnsidudafiaslasdnlnafiianiinimasey
o ¢ A A Ada A4 v o o A4 X v a &

HAUBINTZUIUNNT RNAT daimaaniafefifiandanuasududoungeiulndifosnys

) 6 @ 6 c‘f v < v 1 o A a o
o Twaaddadifuagndrouy 1dudu waztreirdadwan fanutaauainnis
Ane39891 HANNIVLINTTLIUNTT RNAI sunsnshandszendlide (1) Wulatasia
= v A A < g ] ¢ & o < [

lumsdinsmihnvasbuuaz 2) Wusninsilind1s 9 lususd Sadunsinsle

drodudaiandt “Buinal” (gene therapy) mainluauina RNAI azgnwamuatng

' Py P & A o ¢d o o A aa A& '

daiftasiaidunisfanzasnisinelialuausdnddydnitni 29981209

Ao . [% { A = [ { [

FTNIANEINTZUINNT RNA waadlianugUf 1 Saasiuninnasanfdnsduny

RNAI laiwntin ﬁvlﬁﬁﬂvl,ﬂéiﬂ”ﬁﬂizﬂqﬂ(ﬂ%ﬂ 1IN NVINLRZIINLTAT 90N

3

WUA1 SiRNA  Satasney || WA@AmHan siRNA || n1TLA siRNA 140
6

a

A s
NITUHFLRDA 1%@@]’3&]

FINUIINNANIIURAIDANVD ﬁ%ﬂmﬂﬂﬂ'ﬂﬂﬂaﬂ‘ﬁ

Sulwaassa s dosancanny || Snealsaeunsziiale || nzanawnasi bl
a U

6 6
lunaanaaas Ve Vel

N34 siRNA

RIE I

NMUIRBINAIFATNUIIN

a o ¢ A @
waziwidplunysdinald

Snwnlsaeng 9

MIABNY RNAI

lu c. elegans

UszauaudIangs LLSﬂiuﬂ'ﬁ

NANILLRAID E]ﬂ“lIENEI%I(ﬂEI siRNA

RNAI

Prof. Andrew Z. Fire L8
Prof. Craig C. Mello 163U
97 lutualunsAuny




I7 6 ANABUNATIAN — IABUSUINAN 2554

{ ' a o 2
37 1 WRAITIINVBIITAWINIIANBINTZUINNT RNA
2. N352U2%N13 RNAI ianadianasnels

a

RNAI LT#nse0a%mMIanusssuanan

a

1 n' Ada a a
fodlumifiadszinnguailoannaiia ns
HAMIAUNWLNTZUIUNT RNAI 11 C. elegans anansnagufisunumaanldiduaas
wann3lng fa 1) UnuIwas RNAI ausssusid naada 1.1) unalnlunsilasis

& o A 34 o ¢ o
wasannisyninvadhiialasianizly A" daddzinnwuen  wazuuaaiu 1.2)
RINNTNHULINIURAIBANYDIDWR YIS (umping  genes) W3ID NITUFLWTAL

=3 1 = A a s A a v
(transposons) 13T lasnuaNULFEWI8 VeI LN ouLaIu191nd % transposons 6
56 A v Y a A ! & a

1.3) 1NEBINUNIAILANMITUEAIBDNVBIDH MILAuulasgUinawad My

o o a a 79
mu’mlﬂiaﬁ( ﬂS:fmuﬂﬁmmjaalﬁma( LLﬂzﬂ’JU@JNW@Nu’]ﬂ’]iTﬂ\?ﬁ\?ﬁ%’l@] LRE 2) UNUn

(% (%
4

Tumailddsegndls wu 2.1) Idenswihivesiu lasldnszuiunis RNAI Gugens
{ o v o il a £ a a & . &
LEAI88NVIEUNABINTANBILAIFINANANINEANAAT WINRINTIANUY 9 LTw U
£9N1IUaaI88N890% OCT4 uaz NANOG uiidinanansifsuudasguiouazns
A o v o a 10 o v o LA A
Wudwwasaasauinfia  Wudu 2.2) Idussnsmansunndlunguisina
11-15 o @ & & A A A @ [ A & @ P=] '
dunannT mitugansuaasaanvasBuiiiisadasiumaialsanuld lasdinga
lsatidwilwang g lsadasa anlds 11w lsaead wazldnialwg (Influenza A)
a A a 1 a tﬂq' A 1a tﬂq' 1 =3
PNBUATITY WITIRA LT 13ANIATY LAZNLTEIN %30 L3nbifAaLTa 11w 13nuztss
Iiﬂ“/l’]dﬁ%‘gﬂiiw Tvawala Tsaan Tsan1sgasdan wia MInw1swnunssnulIaaay

i rasautia (3UN 3) iudn
3. nalnuad RNAi (Mechanism of RNAI)

RNAI 1l “4a” 289n32070ums Fadunaiiialnainmiinausasnsafianase
Uszinn ansiaulavwIaLan (small RNA) 11w siRNA (small interfering RNA) miRNA
(micro RNA) %38 shRNA (short hairpin RNA) iauﬁuiﬂiauﬁLﬂmauvl,sﬁu‘lumjw RNase
Il %ai “Dicer” LLa:Iﬂiauﬂg;w “Argonaute” Nalnuad RNA fiAnaInmIinnwaes
SIRNA 1182 miRNA (Hudsft

3.1 siRNA (small interfering RNA): Liiaa1n mﬂdmﬂamalﬁu@jma (long
dsRNA) ﬁgﬂ&dLmﬂ:ﬁﬁmiﬂﬂuma5%6&?@%’3@1 LﬁaLiﬂvlﬂaQIuvlfﬂI@waﬁa%uLLﬁaaﬁ
LauLaLﬁu@;m’m:gﬂé’ﬂﬁﬁmm@guaﬂ@zl RNA specific endonuclease (Dicer) CERRERH

' 17 { o & o a { {
#n2Uszan s 21-25 glua Taundanuan 3 nigasdnsaziiiinala nadouirlayaanin



Inglndaeilnug (atiunisAnmaaiilaanindaaans)

2 finndlalng nanAmaidild3anan “small interfering RNA %38 siRNA” 3101 siRNA
azdduiulusdiungu Argonaute” (lwunsdidu AGO2) udmudulassairodeton
138791 RNA-induced silencing complex (RISC)" Faroulard RNA helicase ﬁagﬂﬁﬂu
RISC azlduan siRNA mmﬁufﬂﬁﬂmﬁmam Tagiduidd1eumssesaivesinndle
vLYl(ﬁ(ﬁLﬁﬂﬂﬁuﬁuﬂ’]iﬂmmﬁ’mu’]&lL%EIﬂ’hLﬁu “Antisense” W38 “Guide strand” §I%LEWi
LARBL3UNILEY “Sense” %38 “Passenger strand” %d%zgﬂéf@ﬁd @aa1 Guide strand ‘ﬁagl;
3 RISC 931 RISC ihaunuiduansiantatlmane™ ' agnsdumwizianzasaunannis
vihgnuseagiug 9Nt Argonaute axdanuszwaalnlalaainaizninsiaeglalngd 10
waz 11 vwduduarsionaminsifiatuanlats 5 ve9.éu Guide strand™> vinlsk
wnduarsauethwinssaadegwnasiiiesnniedauifivmens 5 uas 3 lid
Cap (m'G) waz Poly A audey trslunstlasiunsasnsdldnaa’ly™ (gﬂ‘ﬁ' 2a)"
SN uMIH Y SINTUEAI0aNYBIE T SEAURAINITNEATHE (post-transcriptional
level) I@ﬂmiﬁﬂmﬂLﬁumiamaLﬁmmﬂﬁauﬁazgmmmﬁa

3.2 miRNA (micro RNA): dailuaniianavmainoiianisizdidianse
Fuanldies lagBuandufiinihfinaa miRNA annaaIRali miRNA (536 (pri-miRNA)
I@mi‘flumiaw,ammjﬁﬁgﬂiwwauﬁ‘uizmwﬁmua:mo (stem-loop) AMNLIUTENT
65-70 finnalo’lng anniin pri-miRNA azgniaulodflunga RNase i Za1 “Drosha™® lu
ﬁamﬁmé‘ﬂﬁﬁmm@ﬁ%zuaaLl,ﬁaf,%daaﬂm;jvl,ﬁﬂﬂwma%w \38n31 Pre-miRNA Lot bsl
Dicer =@ Pre-miRNA faanue1ilszanmh 21-25 fadlalng 13und1 miRNA
(Uvznauaaldw Guide strand LazLd% Passenger strand LTl&821%) MIRNA 92101391
Aulds@u Argonaute 1iaLlu RISC 292/9aL§4 Passenger strand aanihRaudid Guide
strand aglu RISC YNt 91N Guide strand 9:wn RISC l3ufuLEuonfiante
Whnwne uatiiosannlaslassainsves miRNA ﬁﬂﬂiﬁﬂdﬁ’]@vuﬁ’maiavlﬂﬁﬁvbjLﬁﬂﬁjﬁ“].l
RNA tihnanglénanua (loop) nlifiaedlelndsznine miRNA waztfuonfiautaiih
wang Ui uUEmnTs Wonmsumwmduunsdmivinliauenfientatiinnang
ligndaalasllsdiu Argonaute uel miRNA azlinansusasaanvasduluszaunisuda

g . . o 8,27,28 {
I%& (translation repression) #3aMIFILATIEA LU 6 (3UN 2b)

4. Hamuazdsinimalunisiamiiasn RNAI luilszandly (Advantage and
Challengess of RNAI application)
41 Taé:
1. fanwudiwizgs (Specificity): \{la991n RNAT 1 duiuSuansione
Lﬂmmﬂmwé‘ﬂmilﬂﬂg}'ﬁ‘mad@,ua15 ﬁﬂﬁmﬁm&ﬂmﬁaﬁ'ﬁ'f:ﬁmmﬁ'hwazga il

v

o 2 a o o ' ' & 29-32 «
QﬂuqN’]ﬂﬂﬂ’]ﬁﬁ]ﬂrluﬂ']SSﬂN’]ISQ(ﬂ']a 9 L?ﬂrlliﬂNZLS\?LLﬂzIsﬂ‘ﬂ']\?i:ll‘]Jllizﬁqﬂ W wat



I7 6 ANABUNATIAN — IABUSUINAN 2554

~ £ a Ao . \ a A £
2. ignTg9 (Potency): Ana1891uIiLnan2191 inalulad RNAI IanTgs

' o o . . . 33 v v o o '
ANMITNBGIBE UL antisense oligonucleotide” laga N30l EAANNLTNTUGEININ
23435 o Y A ] a | R &
187 dildriunInaaawianazanudluniyld 3saalanmanisiiaainiy Nl seasa

A ' A o X
LLa:L‘wumﬂmwualumﬂmﬂugmﬂ

(a) siRNA (human) (b) miRNA (human)
Esunnni EHEEEEREN(EES 1aREE 5
Long deR NA Mt
o
miRNA-miRNA*
duples
AGO2 Argonaute
RBP )

—— Ecimans Ioad e l RISC Iuadlng

complex complex

Passenger-strand
cleay age 'qu

Passenger-strand Passenger-strand
ejection ejection

Deadenylation ¢

Tanget mRNA

slicing ~ ¥ ARAAAR

&

Translational =
Praduct repression
releass

and RISC

mmlmgk @ Ribasame.

31 2 LEAINE [NVBINTZLIKMNT RNAI iliaannmsvinausad (a) siRNA Laz(b)

625
miRNA rL‘u,l,ﬁrjfaﬁu‘q,‘lem

4.2 Fenvmaluniswam:
4.2.1 M3k (Delivery) MItad siRNA idgiaalduilyninanyas
mi RNA Tl lumsinen suwguiiasunan sikNA Wulaanasmnalvgjuasiis:s
AULTWLALINUWA RN UL TUID I TAR I 1A SIRNA muwmau%ummumﬁgvmﬂﬁ
oy daimiaidumauiilywrinvhednelsazls siRNA anihaslddaadiihnangld
aalanzNzas uazligniaedas Rnase Twdaauasluiiadio FalnanamUuuy

PBIMIUNFI siRNA a9ft



Inglndaeilnug (atiunisAnmaaiilaanindaaans)

36,37
)

(1) MIaanIzn (Local delivery % 1) NN1I9AA SIRNA

wuullfas (naked siRNA) 1i1a9a1lasasslunssnelinladscanaiiian (Age-

38 . v v g o
)" 2) m3ia siRNA giauiiasanlunisinm

related Macular Degeneration, AMD
= @ 39 @ ' o 1 . Y [ & 40 a .
szadunluny - 3) milinszualnihaeias siRNA Wnduiia” 4) n138a siRNA
A v ' ' ' a o [ v 41 a % '
WWalAdNada sz UUUTE A NEIBARNT LT% Sa NI IURUARY  aattauaIaIwball s
o 42 v o 43 v [ a 44
ads wislaudiuanad udu 5) N3l siRNA msaynlumsinsnlianaviia
A a A A ¥ [ A 45-47 @
TsagzanWlusds wazlsnfaimaliTaszuumadunisla iludn
(2) muhadgnIzuaLian (Systemic delivery) LT 1) N34
. Y ' = a = \ aa Ay {
siRNA 1nszuatfanat1eTas lutsunonn denwuindinliianuminzaunazldle
I 648-50 A s [ [ I3 5152 A '
wwaduyE - 2) MITaNUaty 3 vauFU sense dauAfaladiaaiven | LNa T
o ° v . @ { 12,53-59 &
flasnun13v1a1891n Rnase  Waz N13%W siRNA daolaananfyszauan o9
mmmﬁwdﬂﬁﬁmuumww:ﬁLLa:LﬁW;jm:LLmﬁa@ Wudn
4.2.2 @NNAI67 (Stability) NNN1IADIUNES SIRNA Liﬂajlfnaﬁl,ﬁmmﬂvlﬁ
a7 siRNA ﬁgm’hﬁaﬁfuﬁaaﬁmmauyitﬁua:ﬁwﬂﬂumaﬁﬁmmﬂ"l,ﬁﬁm LALHa 991N
< g { A { o . A
lugsunsahattadianlad slufitnflaanaiu1inyinany siRNA wuuLlaay Tadumine
v . L™ 1 ~ 1 ‘é =Y g; L™ = 1 q'q/
1 siRNA uunifasamoiatemais fdeisiiaau gniaanmilaii i
INaFNAUTNUTzEzM WMo anaND  AInuIITNITITLL N WAIWILANAINAIAIV D
siRNA wuutlfaslasilasnuwnisvinarsanian ol lslufiiafaaduns ke sia diaian

[

USuusalaseassvas siRNA wuuLldaafidiuniaeng ) LT fivuszlslaton (Thioate
linkage, P-S linkage) %38 fighunits 2 —oH **°" 1udu

423 puiaaadiy (Safety) Snswamwimsld RNAI ien1ssnenludn
anutaansuasit (1) mysuBwihnansfianaa (Off-target effects) > dslaildifia
nnmIdUTInm siRNA fanniiwldudanaiaainniseanuuy siRNA Asladsnmas
Lm:ﬁ]dwhﬁﬂﬁ (2) miLﬁ(ﬂNa‘ﬁle&iﬁadmi (Non-specific effects) ﬁamiﬁ' siRNA 1119U
ﬁugmﬁmmmlﬁiLﬁ(ﬂNaaam'é"uéﬁdvl,&il"ﬁwaﬁﬁaami 51} ﬂi:ﬁuaumai{ﬂmauz'%'% 1w
& (3) n1dudavasldsdudfn Dicer uaz RISC lunszuaums RNA G9013dnade
ANMUFNARVBINITURAIBDNTVDITUAN 9 LTW DuNIT %aﬁehumugu‘[@ﬂ miRNA @9l
Dicer uaz RISC 390y siRNA ¢9%unn38162289 Dicer uaz RISC dwiilasaunanms
1 siRNA tndanlwasssserafoadasiumaialsaungs o

4.2.4 UszAnTua (Efficacy) UseanSuazaimasnudie RNAI 1wiSaef]
Iesumswananlasasanlagians (1) miness RNA lulsadadehis Wlasanlss
ﬁmmmmmhmmmUﬁ‘uﬁ:'ﬁmaaﬁamdvlﬁma@nmazmimL%qéﬁaawﬁﬂﬁmﬂ%
RNAi luassaalylalduna ™" sruitanilaseenuuulddudoimsuansaanvodud]

a o o a a A o o o 66
Lﬂ&l’;%ﬂdﬂﬂﬂﬂﬂﬂ(ﬂliﬂﬁﬂﬂ&l 5 ﬂuﬁiaﬂqﬁﬂ,"ﬁi')“ﬂl}ﬂqisﬂﬂqLL‘]J‘]J?J‘H: (2) i:ﬂZL'Jﬂ'ﬂ’uﬂ']j



I7 6 ANABUNATIAN — IABUSUINAN 2554

L A A v a o L& L& o '
aanondaw lunstinlssnelsadaunwawmisangndsuana idulgwilunssne ua
v ¥ L™ { v v Q g 1 =)
tiiulsaisasandaslszosialun1ssn s InaznmIaangnIwI% 1% 13ALead anaiia

. o & @ o \ L o & 8 a o L a &
anuligzaIn wizdndudasli siRNA Uasdiu aanuasdnIwawinintwlaaniy

1Y A { A = A A ' L. =
FIINAFAANHANDNSLonLBIWALENE NTRARTY 158N37 short hairpin  (ShRNA) &4

£ o P 6 val
ﬁ’]lﬂiﬂaaﬂf]‘ﬂﬁvl,(ﬂ@laLuadLLﬂzEl’TJW]uluL‘D’ﬂﬂLﬁ’]ﬁN’] ﬂ"l,@wu

5. n1suszand b RNAI tiakand@nsnlulsad1s 9 (RNAi and human diseases)
1. lsa@aua (Infectious) M3kt RNAI lumsshunlsadaialasianizanlsase

hisdaslasuanuauladuagrinin nasandsieanuwniselull a.a. 2001 Awuin
, ¥ & Xy o, , N A4 7274

A32LIUMNT RNAT snansagusazalisa Respiratory Syncytial Virus” (RSV) @ 14

1ﬁﬁmsﬁmé‘ﬂmsﬁqﬁlﬂﬁgaﬂm%a%%‘mﬁ@5us] v T TaBungiaus (Influenza virus)

"7 Ua3savle? (Human immunodeficiency virus, HIV)™*""* ziauwlnfia
(Hepatitis,)%'86 wazhsay (Severe Acute Respiratory Syndrome, SARS)87'88 L waw

& a & A A . & o 89 , 90 a
wanIMNu Immmaummiﬂ LD L%aﬁmiiﬂ LLRe Pseudomonas aeruginosa Iiﬂ(ﬂ(ﬂ

Y a . 91,92 { Y i .93
\ToUsEa 1Tk WA uazNA&WWANINLTE Entamoeba histolytica
2. l3Au134 (Cancer) N3xUI1NNT RNAI snantasnslsausiSelas 1) gugenis

o a d g a = 29, 94-96 & &
YI’N’]WDQGEIW/ILUHEI’]L%QTadﬂ’]iLﬂ@IiﬂuzLid (Oncogenes) I(ﬂﬂ@lid 2) HUYINTT

o a A4 v o a A g ¥ ad A o £ a o v (3 & A
‘Yﬂd?%“ﬂﬂd&lu‘ﬂLﬂEI'J?Jadﬂ‘]J‘]_]iZﬁ‘Yl'ﬁNﬂmadﬂ’ﬁiﬂ‘]ﬂqﬂﬁﬂ')ﬁm&lﬂﬂﬂ(ﬂLWQWWI%L‘HQQ&I:L?G&I

. Ao o a & 97098 & o a A4 v @ a a
QQWNVLUWQUWLQNUWU@LWNTH 3) YJULINITINWNIBTRILWUNLNEIVBINUNITLITYRID
' & = 99,100 & & ° A A 4 @ o ° o
LWINICALVDILTRINNSLII Way 4) Ll‘]_lmmi“mmumadElu“nmmmaam_mﬁ‘ﬂﬂ%
= Ay o ' 101,102
L%ﬂﬁfﬂ:ﬁdﬁﬂﬂi:ﬂhﬁ&lﬂ&lﬂ%ﬂadiwmﬂ

3. l3AMINBENTIN (Genetic diseases) AMIANBINLI1 RNAI a1u13nsirun il

o e cl'n:ld n:l'n a v d' o vV a A n:l' a
ﬂ’]iiﬂ‘]ﬂ’ﬂiﬂ‘ﬂ’]dwuﬁqﬂiiw‘ﬂuEJWYIN@‘]JTI@]LL&’JLLEWNEJaﬂ‘ﬂ‘ﬂ’]l‘ﬁLﬂ(ﬂIiﬂ‘ﬂiaIiﬂ‘ﬂLﬂ(ﬂ’«J’m
' a a & A o oA A A Y ' . A A
ﬂ’J’mLL@]ﬂ@]’NTﬂG%’JﬂﬂIavL‘YI(ﬂLWEN(?’]’]LL%HGL@U’W?NEI%L@ﬂﬁﬂuizﬁ’)’]dﬂi}uﬂi:ﬂj’mi%ia‘ﬂ
Junin “afU«&” (Single nucleotide polymorphisms, SNPs) & 11u 15@ Sickle cell
. 37 { o , , . 103 . ,
anemia  L3ARNBILHONOR MULNES (Alzheimer's disease (AD)) 13 Huntington’s
disease (HD) 1@ Machado-Joseph disease (MJD) uazlsa Amyotrophic lateral sclerosis
o 104-105

(ALS) Liluei

4. MmythadnsIuswnuTasawiiia (Stem cell) Fdnw13ulasnisin

RNAI N8 UHINITHEAI00NTIDUIITRIIALOAR LFluLTaaawiLhallalaaa

(Hematopoietic stem cells, HSCs) vasawldlsalaadifalh HSCs HAALTARLIALRBAY

6-109

{ o A o o 210 { & o o . 2 v A
AdwmumaRNdiwInhsala (U7 3) wananuudain RNAI anlgdnsniif

289 Bulwdwuilofinaduiasvaduysd (human Embryonic stem cells, hESCs) lag



Inglndaeilnug (atiunisAnmaaiilaanindaaans)

wann13Aa 1 siRNA %38 shRNA NaN1I¥NauwuadundasnsazAns) 11w OCT3 ®3a
@ v ia & 10
SOX2 1Jue1h LAIFINANANLAAY

HIV + AIDS 1)cp34+stem ceit
Enrichment

Apheresis PRMCS + » Fibronectin and
_— growth factors

2) Transduction

G-CSFRX
Preparation j
3) ] for
e autologous
BMT

Pool unmodified and modified
cells and Infuse

Cell engraftment and survival
Patient Follow up

31 3 Ll,amimaihamsﬁﬂwﬁﬁ‘ﬂumgmﬂumsm RNAI Lazlsaaawintiadn siuns

Iugﬂﬁﬂliﬂm(ﬂ’éms

< 6 v o a =3 A v =) LR [ 4 1
1) ugaaduinfialafoanniduioawswivasyioliataadiasnanan by
n3zan
o v v
2) Wh3aniduninzsin shRNA feanuuuanldgugsmsvinuesduvashss
6 v 6 v o a =1 A
waddn W lwsadduiuiiaidoien

3) duwmasauiufiaidaionnld gtolsaeadignnansasslunszgnuan

5. 13001 (Ocular diseases) §41u3auNiin RNAI andszgndltlugainanauie

o ' (% o 110 d 111
iﬂ‘]ﬂﬂiﬂ@]’n“ﬁu INPIDINIIBNLRUVDIAN Iiﬂﬁ]aﬂiza’]'ﬂ@]’]l,%a&] (Age-related

. a { 112,113
Macular Degeneration, AMD) wazlsaanaiindn

6. l3atiala (Cardiac diseases) ANMIANMIWLIN NT2UIUANT RNAI 813170

° e o { 114-
hunldsnunlsarilane lasfdhwuands “Nealwuauuuw’ (Phospholamban, PL)

116 & & a da o o a o & o a a o oA
6]j\1Lﬂuﬂuﬂ“ﬂﬁqNa’]ﬂfy@]aﬂavl»ﬂﬂ']slaﬂ@]:iﬂﬁ'ﬂfﬂq']E| BENITMNUBUYIINITWIVILNLINLND



I7 6 ANABUNATIAN — IABUSUINAN 2554

linszuawnns RNAI 8U89n13%191142898% Arachidonate 5-lipoxygenase (ALOX5) W&7

o a Y & o A o & & & o ¢ 117
gu1Ind aﬂﬂuﬂ’]sLﬂ@ﬂﬂ’]NLuaﬁ'ﬂfﬂmqﬂLaa@vL@V]GIHLGﬁaaLquLﬂﬁlGLLﬂzsLua@]'l‘ﬂ@aaﬂ

6. a?d

nnyaiuduluafauaimIdununIzuIuns RNAI lu C. elegans aufian1s
a 6 s dl' o U g 6 o v B ;d
Agadnanmavan i lule lunasanasasuazdainasas ild w Jagduslany
Taanua291 n3zUInwn1T RNAL snansnshandszendlglunsfinsmiinivasduuazgn
) = a o 4 .. . 1 1 1 A A 1 < o A
ihandnsanlunned (clinical trial) landulngagluizosi 1 wia 2 adalsfanudall
Ffmodennamlumsiinszoiums RNAT inlESnslsaluuywdiifadselood
gaq@ﬁa MINWWITZUUINFI ANNAIN ANNURaaNs waslIeFNTNAVBINIINE ANA
luawiaa RNAL wnduiimsinmlialuugsdmedluanaiiduniafenddnydnis

=
N
b a
Lansd1Ivdad

1. Fire A, Xu S, Montgomery MK, et al. Potent and specific genetic interference by
double-stranded RNA in Caenorhabditis elegans. Nature 1998; 391: 806-811.

2. Kim SS, Garg H, Joshi A, et al. Strategies for targeted nonviral delivery of siRNAs in
vivo. Trend in Molecular Medicine 2009; 15(11): 491-500.

3. Covey S, Al-Kaff N, Langara A, et al. Plants combat infection by gene silencing.
Nature 1997; 385: 781-782.

4. Ratcliff F, Harrison BD, Baulcombe DC. A Similarity Between Viral Defense and
Gene Silencing in Plants. Science 1997; 276: 1558-1560.

5. Ketting RF, Haverkamp TH, Luenen HG, et al. mut-7 of C. elegans, Required for
Transposon Silencing and RNA Interference, Is a Homolog of Werner Syndrome
Helicase and RNaseD. Cell 1999; 99: 133-141.

6. Tabara H, Sarkissian M, Kelly WG, et al. The rde-1 Gene, RNA Interference and
Transpson Silencing in C. elegans. Cell 1999; 99: 123-132.

7. Harfe BD. MicroRNAs in vertebrate development. Current Opinion in Genetics &
Development 2005; 15: 410-415.

8. Bartel DP. MicroRNAs: Genomics, Biogenesis, Mechanism, and Function. Cell 2004;
116: 281-297.

9. Lau NC, lim LP, Weinstein EG. An abundant class of tiny RNAs with probable
regulatory roles in Caenorhabditis elegans. Science 2001; 294: 858-862.



Inglndaeilnug (atiunisAnmaaiilaanindaaans)

10. Rassouli FB, Matin MM. Gene silencing in human embryonic stem cells by RNA
interference. Biochemical and Biophysical Research Communications 390 2009; 1106-
1110.

11. Hannon GJ, Rossi JJ. Unlocking the potential of the human genome with RNA
interference. Naure 2004; 431: 371-377.

12. Morrissey DV, Lockridge JA, Shaw L, et al. Potent and persistent in vivo anti-HBV
activity of chemically modified siRNAs. Nauture biotechnology 2005; 23(8): 1002-1007.
13. Edelstein ML, Abedi MR, Wixon J. Gene therapy clinical trials worldwide to 2007-an
update. The Journal of Gene Medicine 2007; 9: 833-842.

14. Dykxhoorn DM, Palliser D, Liebernman J. The silent treatment: siRNAs as small
molecule drugs. Gene Therapy 2006; 13: 541-552.

15. Pushparaj PN, Aarthi JJ, Manikandan J, et al. siRNA, miRNA, and shRNA: in vivo
Applications. Journal of Dental Research 2008; 84(11): 992-1003.

16. Cheng JC, Moore TB and Sakamoto KM. RNA interference and human disease.
Molecular Genetics and Metabolism 80 2003; 121-128.

17. Bernstein E, Caudy AA, Hammond SM, et al. Role of bidentate ribonuclease in the
initiation step of RNA interference. Nature 2001; 409: 363-366.

18. Hammond SM, Bernstein E, Beach D, et al. An RNA-directed nuclease mediates
posttranscriptional gene silencing in Drosophila cells. Nature 2000; 404: 293-296.

19. Hutvagner G, Simard MJ. Argonaute proteins key players in RNA silencing. Nature
Review Mol. Cell Biol. 2008; 9: 22-32.

20. Martines J, Patkaniowska A, Urlaub H, et al. Single-stranded antisense siRNAs
guide target RNA cleavage RNAI. Cell 2002; 110: 563-574.

21. Schwarz DS and Hutvagner G, et al. Evidence that siRNAs Function as Guides, Not
Primers, in the Drosophila and Human RNAIi Pathways. Molec Cell 2002; 10: 537-548.
22. Elbashir SM, Lendeckel W and Tuschl T. RNA interference is mediated by 21-and
22-nucleotide RNAs. Genes Development. 2001; 15: 188-200.

23. Elbashir SM, Martinez J, Patkaniowska A, et al. Functional anatomy of siRNAs for
mediating efficient RNA in Drosophilla melanogaster embryo lysate. EMBO J 2001; 20:
6877-6888.

24. Liu J, Carmell MA, Rivas FV, et all. Argonaute2 is the catalytic engine of
mammalian RNAI. Science 2004; 305: 1437-1441.

25. Jinek M and Doudna JA. A three-dimensional view of the molecular machinery of

RNA interference. Nature 2009; 457: 405-412.

10



I7 6 ANABUNATIAN — IABUSUINAN 2554

26. Lee Y, Ahn C, Han J, et al. The nuclear RNase Il Drosha initiates microRNA
processing. Nature 2003; 425: 415-419.

27. Pillai RS, Bhattacharyya SN and Filipowicz W. Repression of protein synthesis by
miRNAs: how many mechanisms? Trend in Cell Biology 2007; 17: 118-6126.

28. Mathonnet G, Fabian MR, Svitkin YV, et al. MicroRNA Inhibition of Translation
Initiation in Vitro by Targeting the Cap-Binding Complex elF4F. Scinece 2007; 317:
1764-1767.

29. Brummelkamp T, Bernards R and Agami R. Stable suppression of tumorigenicity by
virus-mediated RNA interference. Cancer Cell 2002; 2(3): 243-247.

30. Miller V, Xia H, Marrs G, et al. Allele-specific silencing of dominant disease genes.
Proc. Natl. Acad. Sci. USA 2003; 100(12): 7195-7200.

31. Wilda M, Fuchs U, Wossmann W, et al. Killing of leukemic cells with a BCR/ABL
fusion gene by RNA interference (RNAI). Oncogene 2002; 21(37): 5716-5724.

32. Gonzalez-Alegre P, Miller V, Davidson B, et al. Toward therap for DYT1 dystonia:
allele-specific silencing of mutant TorsinA. Ann. Neurol 2003; 53(6): 781-787.

33. Achenbach T, Brunner B and Heermeier K. Oligonucleotide-based knockdown
technologies: antisense versus RNA interference. Chembiochem 2003; 4(10): 928-935.
34. Bertrand J, Pottier M, Vekris A, et al. Comparison of antisense oligonucleotide and
siRNA in cell culture and in vivo. Biochem. Biophys. Res. Commun 2002; 296(4): 1000-
1004.

35. Miyagishi M, Hayashi M and Taira K. Comparison of the suppressive effects of
antisense oligonucleotide and siRNAs directed against the same targets in mammalian
cells. Antisense Nucleic Acid Drug Dev 2003; 13(1): 1-7.

36. Akhtar S and Benter I. Nonviral delivery of synthetic siRNAs in vivo. The Journal of
Clinical Investigation 2007; 117: 3623-3632.

37. Lopez-Fraga M, Martinez T and Jimenez A. RNA Interference Technologies and
Therapeutics. Biodrug 2009; 23(5): 305-332.

38. Tolentino MJ, Brucker AJ, Fosnot J, et al. Intravitreal infection of vascular
endothelial growth factor small interfering RNA inhibits growth and leakage in a
nonhuman primate,laser-induced model of choroidal neovascularization. Retina 2004;
24(1): 132-138

39. Pille JY, Denoyelle C, Varet J, et al. Anti-RhoA and anti-RhoC siRNAs inhibit the
proliferation and invasiveness of MDA-MB-231 breast cancer cells in vitro and in vivo.

Molecular Therapy 2005; 11: 267-274.

11



Inglndaeilnug (atiunisAnmaaiilaanindaaans)

40. Golzio M, Mazzolini L, Moller P, et al. Inhibition of gene expression in mice muscle
by in vivo electrically mediated siRNA delivery. Gene Therapy 2005; 12: 246-251.

41. Tan PH, Yang LC, Shih H, et al. Gene knockdown with intrathecal siRNA of NMDA
receptor NR2B subunit reduces formalin-induced nociception in the rat. Gene Therapy
2005; 12: 59-66.

42. Makimura H, Mizuno TM, Mastaitis JW, et al. Reducing hypothalamic AGRP by
RNA interference increases metabolic rate and decreases body weight without
influencing food intake. BMC Neuroscience 2002; 3:18

43. Shiskina GT, Kalinian TS and Dygalo NN. Attenuation of alpha2A-adrenergic
receptor expression in neonatal rat brain by RNA interference or antisense
oligonucleotide reduced anxiety in adulthood. Neuroscience 2004; 129: 521-528.

44. Huang HY and Chiang BL. siRNA as a therapy for asthma. Curr Opin Mol Ther
2009; 11(6): 652-663.

45. Bitko V, Musiyenko A, Shulyayeva O, et al. Inhibition of respiratory viruses by
nasally administered siRNA. Nature Medicine 2005; 11: 50-55.

46. Li BJ, Tang Q, Cheng D, et al. Using siRNA in prophylactic and therapeutic
regimens against SARspinion coronavirus in Rhesus macaque. Nature Medicine 2005;
11:944-951.

47. Vincenzo J, Cehelsky JE, Alvarez R, et al. Evaluation of the safety, tolerability and
pharmacokinetics of ALN-RSV01, a novel RNAi antiviral therapeutic directed against
repiratory syncytial virus (RSV). Antiviral research 2008; 77(3): 225-231.

48. Song E, Lee SK, Wang J, et al. RNA interference targeting Fas protects mice from
fulminant hepatitis. Nature Medicine 2003; 9: 237-248.

49. Sebestyen MG, Budler VG, Budker T, et al. A Mechanism of plasmid delivery by
hydrodynamic tail vein infection. |. Hepatocyte uptake of various molecules. Journal
Gene Medicine 2006; 8:852-873.

50. Lewis DL, Wolff JA. Systemic siRNA delivery via hydrodynamic intravascular
injection. Advance Drug Delivery Review 2007; 59: 115-123.

51. Ambardekar VV, Han HY, Varney ML, et al. The modification of siRNA with 3’
cholesterol to increase nuclease protection and suppression of native mRNA by select
siRNA polyplexes. Biomaterials 2011; 32(5): 1404-1411.

52. Kim WJ, Christensen LV, Jo S, Yockman JW, et al. Cholesteryl Oligoarginine
Delivering Vascular Endothelial Growth Factor siRNA Effectively Inhibits Tumor Growth

in Colon Adenocarcinoma. Molecular Therapy 2006; 14(3): 343-350.

12



I7 6 ANABUNATIAN — IABUSUINAN 2554

53. Tompkins SM, Lo CY, Tumpey TM, et al. Protection against lethal influenza virus
challenge by RNA interference in vivo. Proc. Natl. Acad. Sci USA. 2004; 101: 8682-
8686.

54. Pardridge WM. shRNA and siRNA delivery to the brain. Adv. Drug Deliv. Rev.2007;
59: 141-152.

55. Aigner A. Delivery Systems for the Direct Application of siRNAs to Induce RNA
Interference (RNAI) In Vivo. J. Biomed. Biotechnol. 2006; 2006: 71659.

56. Kawakami S and Hashida M. Targeted delivery systems of small interfering RNA by
systemic administration. Drug Metab. Pharmacokinet. 2007; 22: 142-151.

57. Gilmore IP, Fox SP, Hollins AJ, et al. The design and exogenous delivery of siRNA
for post-transcriptional gene silencing. J. Drug Targeting 2004; 12: 315-340.

58. Vangasseri DP, Han SJ, Huang L, et al. Lipid-protamine-DNA-mediated antigen
delivery. Curr. Drug Deliv. 2005; 2: 401-406.

59. Kim WJ, Lane V, Christensen, et al. Cholesteryl oligoarginine delivery vascular
endothelial growth factor siRNA effectively inhibits tumor growth in colon
adenocarcinma. Mol. Ther. 2006; 14: 343-350.

60. Lewis DL, Hagstrom JE, Loomis AG, et al. Efficient delivery of siRNA for inhibition
of gene expression in postnatal mice. Nat. Genet. 2002; 32: 107-108.

61. Chiu YL and Rana TM. siRNA function in RNAi: A chemical modification analysis.
RNA 2003; 9: 1034-1048.

62. Fedorov Y, Anderson EM, Birmingham A, et al. Off-target effects by siRNA can
induce toxic phenotype. RNA 2006; 12: 1188-1196.

63. Kim DH and Rossi JJ. Strategies for silencing human disease using RNA
interference. Nat. Rev. Genet. 2007; 8: 173-184.

64.Jackson AL, Burchard DL, Reynolds A, et al. Position-specific chemical modification
of siRNAs reduces “off-target” transcript silencing. RNA 2006; 12: 1197-1205.

65. Hornung V, Guenthner M, Bouquin C, et al. Sequence-specific potent induction of
IFN-alpha by short interfering RNA in plasmacytoid dendritic cells through TLR7. Nat.
Med. 2005; 11: 263-270.

66. Sledz CA, Holko M, de Veer MJ, et al. Activation of the interferon system by short-
interfering RNAs. Nature Cell Biology 2003; 5(9): 835-839.

67. Davis BN and Hata A. microRNA in Cancer---The involvement of aberrant

microRNA biogenesis regulatory pathways. Genes Cancer 2010; 1(11): 1100-1114.

13



Inglndaeilnug (atiunisAnmaaiilaanindaaans)

68. Hutvagner G and Zamore P. A microRNA in a multiple-turnover RNAi enzyme
complex. Science 2002; 297(5589): 2056-2060.

69. Lu J, Getz G, Miska E, et al. MicroRNA expression profiles classify human cancers.
Nature 2005; 435(7043): 839-843.

70. Boden D, Pusch O, Lee F, et al. Human immunodeficiency virus type 1 escape from
RNA interference. J. Virol. 2003; 77(21): 11531-11535.

71. Das A, Brummelkamp T, Westerhout E, et al. Human immunodeficiency virus type 1
escapes from RNA interference mediated inhibition. J. Virol. 2004; 78(5): 2601-2605.
72. Bitko V and Barik S. Phenotypic silencing of cytoplasmic genes using sequence
specific double-stranded short interfering RNA and its application in the reverse
genetics of wild type negative-strand RNA viruses. BMC Microbiol 2001; 1: 34.

73. Monick MM, Cameron K, Staber J, et al. Activation of the epidermal growth factor
receptor by respiratory syncytial virus results in increased inflammation and delayed
apoptosis. J Biol Chem 2005; 280(3): 2147-2158.

74. Zhang W, Yang H, Kong X, et al. Inhibition of respiratory syncytial virus infection
with intranasal siRNA nanoparticles targeting the viral NS1 gene. Nature Medicine 2005;
11: 56-62.

75. Ge Q, Filip L, Bai A, et al. Inhibition of influenza virus production in virus-infected
mice by RNA interference. Proc. Natl. Acad. Sci. USA 2004; 101(23): 8676-8681.

76. Ge Q, Eisen HN and Chen J. Use of siRNAs to prevent and treat influenza virus
infection. Virus Res. 2004; 102(1): 37-42.

77. Tompkins SM, Lo CY, Tumpey TM, et al. Protection against lethal influenza virus
challenge by RNA interference in vivo. PNAS 2004; 101(23): 8682-8686.

78. Zhou H, Jin M, Yu Z, et al. Effective small interfering RNAs targeting matrix and
nucleocapsid protein gene inhibity influenza A virus replication in cella and mice.
Antiviral Res. 2007; 76(2): 186-193.

79. Novina CD, Murray MF, Dykxhoorn DM, et al. siRNA-directed inhibition of HIV-1
infection. Nat. Med. 2002; 8: 681-686.

80. Banerjea A, Li MJ, Bauer G, et al. Inhibition of HIV-1 by lentiviral vector-transduced
siRNAs in T lymphocytes differentiated in SCID-hu mice and CD34+ progenitor cell
derived macrophages. Molec. Ther. 2003; 8: 62-71.

81. Philpott NJ and Thrasher AJ. Use of nonintegrating lentiviral vectors for gene
therapy. Hum. Gene Ther. 2007; 18: 483-489.

14



I7 6 ANABUNATIAN — IABUSUINAN 2554

82. Manjunath N, Wu H, Subramanya S, et al. Lentiviral delivery of short hairpin RNAs.
Andvances Drug Delivery Reviews 2009; 61: 732-745.

83. Singh SK and Gaur RK. Progress towards therapeutic application of RNA
interference for HIV infection. Biodrug 2009; 23(5): 269-276.

84. Bennasser Y, Yeung ML and Jeang KT. RNAI therapy for HIV infection. Biodrug
2007; 21(1): 17-22.

85. Hoofnagle JH and Lau D. New therapy for chronic hepatitis B. J Viral Hepat 1997; 4
Suppl. 1: 41-50.

86. Ray RB and Kanda T. Inhibiton of HCV replication by small interfering RNA.
Methods Mol Biol. 2009; 510: 251-262.

87.Zhang Y, Li T, Fu L, et al. Silencing SARS-CoV Spike protein expression in cultured
cells by RNA interference. FEBS Lett 2004; 560(1-3): 141-146.

88. Wang Z, Ren L, Zhao X, et al. Inhibition of severe acute respiratory syndrome virus
replication by small interfering RNAs in mammalian cells. J Virol 2004; 78(14): 7523-
7427.

89. Harth G, Zamecnik PC, Tang JY, et al. Treatment of Mycobacterium tuberculosis
with antisense oligonucleotides to glutamine synthetase mMRNA inhibits glutamine
synthetase activity, formation of the poly-L-glutamate/glutamine cell wall structure, and
bacterial replication. Proc. Natl. Acad. Sci. 2000; 97(1): 418-423.

90. Zass DW, Duncan MJ, Li G, et al. Pseudomonas invasion of type 1 pneumocytes is
dependent on the expression and phosphorylation of caveolin-2. J Biol Chem 2005;
280(6): 4864-4872.

91. Kumar R, Adams B, Oldenburg A, et al. Characterisation and expression of a PP1
serine/threonine protein phosphatase (PfPP1) from the malaria parasite, Plasmodium
falciparum: demonstration of its essential role using RNA interference. Malar J 2002; 1:
5.

92. Malaney P, Spielman A and Sachs J. The malaria gap. Am J Trop Med Hyg 2004;
(2 Suppl.): 141-146.

93. Vayssie L, Vargas M, Weber C, et al. Double-stranded RNA mediates homology-
dependent gene silencing of gamma-tubulin in the human parasite Entamoeba
histolytica. Mol Biochem Parasitol 2004; 138(1): 21-28.

94. Yang G, Thompson J, Fang B, et al. Silencing of H-ras gene expression by
retrovirus-mediated siRNA decreases transformation efficiency and tumorgrowth in a

model of human ovarian cancer. Oncogenes 2003; 22: 5694-5701.

15



Inglndaeilnug (atiunisAnmaaiilaanindaaans)

95. Cioca D, Aoki Y and Kiyosawa K. RNA interference is a functional pathway with
therapeutic potential in human myeloid leukemia cell lines. Cancer Gene Ther. 2003;
10(2): 125-133.

96. Martinez L, Naguibneva |, Lehrmann H, et al. Synthetic small inhibiting RNAs:
efficient tools to inactivate oncogenic mutations and restore p53 pathways. Proc. Nat.
Acad. Sci. USA. 2002; 99(23): 14849-14854.

97. Nieth C, Priebsch A, Stege A, et al. Modulation of the classical multidrug resistance
(MDR) phenotype by RNA interference (RNAi). FEBs Lett 2003; 545(2-3): 144-150.
98.140. Yague E, Higgins C and Raguz S. Complete reversal of multidrug resistance by
stable expression of small interfering RNAs targeting MDR1. Gene Ther. 2004; 11(14):
1170-1174.

99. Takei Y, Kadomatsu Y, Yuzawa S, et al. A small interfering RNA targetug vascular
endothelial growth factor as cancer therapeutics. Cancer Res. 2004; 64: 3365-3370.
100. Lu P, Xie F and Woodle M. Modulation of angiogenesis with siRNA inhibitors for
novel therapeutics. Trends Mol Med. 2005; 11(3): 104-113.

101. Gorelik L and Flavel RA. Immune-mediated eradication of tumors through the
blockade of transforming growth factor-beta signaling in T cells. Nat Med 2001; 7: 1118-
1122.

102. Yin JQ, Gao J, Shao R, et al. siRNA agents inhibit oncogene expression and
attenuate human tumor cell growth. J Exp Ther. Oncol 2003; 3: 194-204.

103. Miller VM, Gouvion CM and Davidson BL. Alzheimer’s disease genes with RNA
interference: an efficient strategy for silencing mutant alleles. Nucleic Acids Res. 2004;
32: 661-668.

104. Miller VM, Xia H and Marrs GL. Allele-specific silencing of dominant disease
genes. Proc Natl. Acad. Sci. USA. 2003; 100: 7195-7200.

105. Koutsilieri E, Rethwilm A and Scheller C. The therapeutic potential of siRNA in
gene the therapy of neurogenerative disorders. Journal of Neral Transmission 2007; 72:
43-49.

106. Morris K and Rossi J. Lentivirus-Mediated RNA Interference Therapy for Human
Immunodeficiency Virus Type 1 Infection. Human Gene Therapy 2006; 17: 479-486.
107. Kambal A, Mitchell G, Cary W, et al. Generation of HIV-1 Resistant and Functional
Macrophages From Hematopoietic Stem Cell-derived Induced Pluripotent Stem Cells.
Molecular Therapy 2011; 19: 584-593.

16



I7 6 ANABUNATIAN — IABUSUINAN 2554

108. Michienzi A, Castanotto D, Lee N, et al. RNA-mediated inhibition of HIV in a gene
therapy seting. Ann. NY Acad. Sci. 2003; 1002: 63-71.

109. Krishnan A, Molina A and Zaia J. Durable remissions with autologous stem cell
ransplantation for high-risk HIV-associated lymphomas. Journal of American Society
Hematology 2005; 105(2): 874-878.

110. Nakamura H, Siddiqui S, Shen X, et al. RNA interference targeting transforming
growth factor-beta type Il receptor suppresses ocular inflammation and fibrosis. Mol.
Vis. 2004; 10(10): 703-711.

111. Reich S, Fosnot J, Kuroki A, et al. Small interfering RNA (siRNA) targeting VEGF
effectively inhibits ocular neovascularization in a mouse model. Mol. Vis. 2003; 9: 210-
216.

112. Kim B, Tang Q, Biswas P, et al. Inhibition of ocular angiogenesis by siRNA
targeting vascular endothelial growth factor pathway genes: therapeutic strategy for
herpetic stromal keratitis. Am. J. Pathol. 2004; 156(6): 2177-2185.

113. Lingor P, Koeberle P, Kugler S, et al. Down-regulation of apoptosis mediators by
RNAI inhibits axotomy-induced retinal ganglion cell death in vivo. Brain 2005; 128(3):
550-558.

114. Poller W, Fechner H and Kurreck J. Nucleic acid-based modulation of cardiac
gene expression for the treatment of cardiac diseases. Z Kardiol 2004; 93: 171-193.
115. Suckau L, Fechner H, Chemaly E, et al. Long-Term Cardiac-Targeted RNA
Interference for the Treatment of Heart Failure Restores Cardiac Function and Reduces
Pathological Hypertrophy. Circulation 2009; 1241-1252.

116. Poller W, Hajjar R, Schultheiss HP, et al. Cardiac-targeted delivery of regulatory
RNA molecules and genes for the treatment of heart failure. Cardiovascular Research
2010; 86: 353-364.

117. Lisovyy OO, Dosenko VE, Nagibin VS, et al. Cardioprotective effect of 5-
lipoxygenase gene (ALOXD) silencing in ischemia-reperfusion. Acta Biochimica Polonica
2009; 56(4): 687-694.

17



Inglndaeilnug (atiunisAnmaaiilaanindaaans)

AN

1. TalaRaiNgInuauEAQIINTZUIUMT RNA interference (RNAI)
) = Aa v Aa d‘f [
1) gnihanfnsidolulindazauazlsamaiugnasu
L 3 v A
2) \lumsinmlsadinugduuunis
3) 1 umsrinauas siRNA miRNA waz shRNA
4) TABLEINAMNENNTOVBIDUNTIUF I NT DY
5) gnihanlgdnwminnaasiu

2. Talafia
. ) = a v Aa d‘f 3 A A
1) n3zUIums RNAL gnihandnsidululiafaaain hhis uuefis m

UrRauazlinuz
2) N3zUIUMT RNAI anu1Tagiauan bai1 NANOG e lwiduuslafinaidu
& & a .
irasvaINustinudfouudasadisls
3) M37MUBEY MRNA 1AI7a9AUN1IAILANNITUEAIE AN TR ITUULAT A
A Ada
MIVaIRINTIR
4) #rldnszuuns RNAI lunsflasiunsyngnanhiimswdoinunuauuaz

LRI
5) M3 MNTZUIBANT RNAI ﬂ'uﬂ'ammamaamladﬁuwiwualwmauLﬂuaWL%qlﬁ

a P @ a
ﬁ]IuNYI‘YIi’mE(IW‘]IauLT’] LYINLRYAY

3. ial@gﬂﬁadﬁamﬁ HINUNA INUDI SIRNA

3
e A

1) upwdliunnEn SiRNA %&ﬁé‘ﬂmmmﬂummjma%uml,aﬂ@i”

2) Dicer, miRNA a2 Argonaute tHutawladfldlunalnuas siRNA

3) Lila1dw Antisense w38 Guide strand hSuRLIE NN flawatmany
uia uanfiewadlmansignaauazaaodi

4) Long dsRNA, Dicer, Argonaute, RISC, Antisense strand Wz Post-transciption
inhibition Agadasiunalnuas siRNA

5) Post-transciption inhibition LAAINNNIINIUYD IR SIRNA ﬁy’daauﬁu

4. nalnvad siRNA AU miRNA @nanuatingls
1) na'ln miRNA 151§% Sense 138 Antisense 7116 lsn1TN3UALLENEN5LAMLE

e
o A o & ' A v & a o ”
2) %a931NN Drosha (ﬂ(ﬂa’]iLauLaEf’]Uﬂﬂ’]’)vl,llll‘]_l’NLLﬂ’mﬂtLiﬂﬂ’J’] SiRNA

18



I7 6 ANABUNATIAN — IABUSUINAN 2554

3) SiRNA 9UEINILEAI8aNTDIEY Db ILAURAINMINOATAF §2% MIRNA AN
g9 b BAINIDAATARLALIZAUNMIWU IR E
. Aa A a a 1 . Aa A =
4) miRNA gnuAannduluiiiedos dau siRNA gnndanndululolananady

5) siRNALTL&W Passenger strand 113uLduaisiauniatinnansluszaunainis

NOAIRR

5. AMIFUNZFIVBINTZLINMNT RNAT 41910
o a ,3’ a a
1) nezvawmavnnwiaduluiiefs
2) miflluanaswalugliniduarsiswaimungldig

)
)
3) mauasiananiawduaiiianaiinune
A o v Aa ' (<3 6
4) ﬂ'ﬁlll]iﬁg‘ﬂﬂ,‘ﬁm(ﬂLLiGQ@@]aLﬂNQWiLa%LQ Wnane
)

5) NMIFAUNULA VDS nLaLN RN NR ﬁﬂﬂ’]ﬂi’]@;ﬁu%ﬂd@;mﬁ

6. iaI@QﬂéTadﬁgﬂ Anusefidasiamlumsin RNA ol laaluamywed
1) TLUUM IS 1B% NNIUNRIA Peptide-based delivery
2) aNNURBANY L MIBBNWUL siRNA §IaTeARRanudumzdaiy
whnane
3) ANXAIAD 13U MIUTUIATIFIIVEY SIRNA MerI5LAN
4) n3anE3a9Ia (dose) Wi Tl lun1ssnm

5) nNNNTY
a9

7. dalagn
1) Off-target effects fin MIIWBUDNIINWANLVBI RNA R IR GITR
Tl guatidanis
2) Non-specific effects fin MysuiuAatwunouas RNAI udIfanaat198uds

9 Ao
lalguandasnis
. ¥ ' < a a A )
3) M3da siRNA i nuaiRaaadimasludsunaunndudnisnienale

. e ,
untrinisaangndnguuad siRNA
a o . . { o o { A
4) NM72NAV84 Dicer WAz Risc 81NEITRINUANYANTUEAIDANTYDIDUD U

ﬂ’J‘]JQSJI(ﬂU miRNA

[
o

o U v ‘:{ .
5) mmuamﬂiﬂLa@é?@admimiaaﬂqmﬁaumaa siRNA

8. Talagn
1) siRNA fvwalngjuszlgmanti@iu cationic 3autiauIiamk hydrophilic va4

19



Inglndaeilnug (atiunisAnmaaiilaanindaaans)

wmammmmwﬂuaqﬂaﬁﬂ@iamimm SiRNA Liﬂajlfnaﬁ

2) 2 —FU, 2 —FC, 2’ ~OMe, 2’ —OH, DAP viswuainiluasiadfildlumswamn
ANUAIAITAY SIRNA

3) M3y siRNA ofﬁﬂIwﬁLua§ﬁLﬂuﬂizqauLLa:L%auﬁULLauﬁuaﬁLﬁuﬂﬂiﬁwuﬂ
sruUings siRNA 8n3Twnils

4) Msdiuudslasaasng siRNA FugIniidunis 2' —OH wSa WuszWasalw
latemaat sunntsilesiunsgniaisnnd jismlalaslads nia
RNase 'lof

5) Peptide-based delivery ilumthniaazilutlszaaulunistisiias siRNA

9. NTZUIBMT RNA| Qﬂﬁwmﬁmﬂﬁ%‘ﬂﬂiﬂﬁ@L%@ﬁﬁﬂim
1) lsafiiaan “sfids”
2) 1@ Amyotrophic lateral sclerosis (ALS)
3) Tsadiaizalnsa 15% 9Mn18a Respiratory Syncytial Virus uaz SARs corona
virus TavilwiAnlsn SARs
4) lsnawaaFondalawes

5) 15n Age-related Macular Degeneration (AMD)

10. Talafia

1) IMsAneIuwLT Bu Phospholamban L8z Arachidonate 5-lipoxygenase
(ALOX5) \nendasnumatialsanalaunssiia

2) im3i1 RNAI indans3dslulsafiiaan “sfidd@ 1iu lsansidenvasioas
drzannsalsalafiaans
a a o 1 . 1 v 6 < A ' A o L A ,3’

3) #inununIenuin RNA ieliimasuzsdianyhdasalitdaidinan

4) nann3Lt siRNA dalsafiaizatasle?d Ae sanuuuld siRNA WgUgIan:

=1 % = 1 g: 1 g; g; o a tﬂl | o o
Auaadlvriarladvinnulayliguginisvinewsasduniduaisuvas host

5) insdns3dnlasn1ah shRNA sldTwinsasduiniiaidafonlugie

Tyaiaad

20



