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Abstract

Nucleic acids play different roles besides storing information and proteins coding. For example, single-
stranded nucleic acids can fold into complicated structures with capability of molecular detection, catalyzing
bioreactions and therapy. The development of RNA-based therapies has been rapidly progressed in the recent
years. RNA aptamers are biomolecules with a size of 10 to 50 nm that can be useful for targeted therapy and
systemic release of therapeutics into the desired tissues. Aptamers can be linked to other RNA drugs and
form a biohybrid RNA nanostructure. The chemical nature of the aptamers makes them attractive therapeutic
agents compared to other small molecules and antibodies. In this review, we discuss different approaches
related to drug targeting and release by RNA aptamers, since the importance of the aptamer-based nano-
medicine is now well demonstrated and this field become a promising platform in the treatment of diseases.
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Cell surface target Oligo Cargo Reference
Prostate-specific RMA aptamer Anti-Lamin A/C siRNA Chu et al.
membrane antigen (20060b)
Prostate-specific RMA aptamer Polo-like kinase 1 (PLK1) and McMamara etal.
membrane antigen BCL2 siRNA (2006)
Prostate-specific BMA aptamer Eukaryotic elongation factor Wullner et al.
membrane antigen 2 (EEF2) siRINA (2008)
Prostate-specific BMA aptamer Polo-like kinase 1 (PLK1) Dassie et al.
membrane antigen siRMNA (2009}
Prostate-specific RMNA aptamer Gelonin (toxin) Chu et al.
membrane antigen [2006:a)
Prostate-specific RMNA aptamer Doxorubicin (cancer drug) Bagalkot et al.
membrane antigen (20046}
Prostate-specific RMNA aptamer Cisplatin (cancer drug, Dhar et al.
membrane antigen encapsulated in aptamer- (2008)
coated nanoparticle)
Prostate-specific RMNA aptamer Docetaxel (cancer drug, Farokhzad et al.
membrane antigen encapsulated in aptamer- (2006)
coasted nanoparticle)
Prostate-specific RMNA aptamer Super-paramagnetic iron oxide Wang et al.
membrane antigen (emcapsulated in aptamer- (2008)
coated nanoparticle for
diagnostic use)
Mucleolin DMA aptamer Cisplatin {cancer drug, Cao et al.
(AS1411) encapsulated in aptamer- (2009}
coated liposome )
Mucleolin DMA aptamer TMPyP4 (photodynamic (Shieh et al.
(AS1411) therapy ) 2010
HIV glycoprotein RMNA aptamer Tat/Rev siBNA, CD4 siRNA Zhou et al
(zp) 120 (2008, 2009)
(- glycan-peptide DMA aptamer Chlorin &g Ferreira et al.
marker on (photodynamic therapy) (2009)
cancer cells
Mouse transferrin DMNA and -1~ iduronidase Chen et al.
receptor RMNA (a lysosomal enzyme for (2008}
aptamers enzyme replacement

therapy )



http://dx.doi.org/10.29252/iau.29.4.275
https://dor.isc.ac/dor/20.1001.1.10235922.1398.29.4.1.1
https://tmuj.iautmu.ac.ir/article-1-1681-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-06-14 |

[ DOR: 20.1001.1.10235922.1398.29.4.1.1 ]

[ DOI: 10.29252/iau.29.4.275]

RNA (5,58 b b poliyT 50il

edllol 3T olitils (Kb pole aloo /YVA

omlry lp 1y 1366 SS9 oals aF45S e SIRNA
Sl San Jobw (oodans Blaal ¢ Lol 1o .(10) diagy didan
J 4" Gloys dgemms lgie 4 | Jate (g el ] 35k
P Sl Al s com Al o S Jie Jobe
G n it sla sk oS Jlo o g e slaJsl
Bl ool o)l g WS es by I M lgere”
(ol s 00l jls (sla yol] 51 golaws woyy JBlas 4y wilg oo

A Non-covalent aptamer- B
siRNA conjugates

Cgne=" U

Linker ﬁ‘cell-sp&:iﬁc aptamer

© siotin L Cell-specific aptamer

£9 90 ookl bl Hlal  Saliyoge i goiin slo,bsLos
ses LS Sleiend 5 Sl b bl
Ll dopoln] olowds Cople & azg b (plpls (VYAT)
Sy Gitls sbSel S sl slooldl 5g8 Jily
o Bilas gl 6l Gulide o saias glo ol colo
o polo] (Jlio lgie @ .05yls (5,9kdgll RNA 5| eoliiwl b

Non-covalent aptamer-
nanocarrier conj uga!es

¥

},L: *\"7 W‘i‘r\f*

< Do

Nano-sized polymer:
polysathyleneimine, dendrimer

i,

-C} Straptavidin # Chemotherapeutic agent _?@i Guantum Dot (QD)

SROURONRY SRNA  ———_ ) SIRNA

’Hml't‘

oa5 6l ol il 0nds Jae (W15 1é e a5 a5 Laly FSIRNA aS9505 51 olas (A) ol s loys 4o yelyT alauly L RNAT Ligle, ) S8

SOV f Dyge ar oyl 50 5 DSIRNA 9 s i e (g 09,5 o Gsb 5l (alord D30 42 0 YV SIRNA @) 90 5 Jslos
SIRNA i aid) 5 555508 V' aidly 55 el ] . W1sS™ JLasl b ShRNA L sIRNA- ol ] sl 51 ooled (B) bl sz (paosglin il S5 3,k

(YA) 055 JooS5 youlS J55g0 b ol oelo LeiT a3 SIRNA Luis (5T Al ) s 305 (g9, oo Ojg0 4

a PSMA AQ aptamers 27 mer GADPH or Lamin A/C dsiRMNA
) A \ - i
(o] L0, e
80 OCZC)DO OCC):} (eeescoesws el="Ts e seesseaessssctatsssnsssssssss
(8.0 6.0 o] (PSS SEES SD0600000 600680600 s]
OmOC:CDCJ{: moc:oooa:mo vt
(o o] (o o] o
80 O:“.oco OC:C:C) (sessssoseas el="Tuil S esssssssttssssssssssssssssss el
L o
ommommmom
10 aptamers 21 mer or 1 si
b PSMA A Bclz Plk iIRMNA
\ r . 1
= CO(DC OCID(‘J- e e e o e O O O O T X T
[cecsssessceliiiccscssesen] seesscssassssssasseaw]
Ow [
L=
Truncated
PSMA A10 aptamers 21 mer Bcl2 siRMNA
, i A i
80 ot =2 e e T e T e e s T s e e e e e e s e s —
(& 6600 6o o] ccxxmmxx)oooooo—c_
S S S S
d
PSMA A0 aptamers Spacer/21 mer EEFZ2 siRMNA PSMA A10 aptamers
i ~ VT & L r = i
O, (& o
80 OCI_':DG Oooooommm "xxxxm mmrrmo 08

cosssvessaciiiccsssss)
OOC) [ [}

i 4 s 9 00 alis g Lamin A/C dsiRNA /mer GADPH-YY 3 A9 PSMA (sl olu] (a) . PSMA oo siRNA_,otil CHPRIVIER g L V)
olisS (o olinT (€) iais Juaie p2 4 yeulS LSz (gl BeI2/PIk] (5,0¥) (slasiRNA 5 A10 PSMA (sla ol T (b) .o Juaie oyl il
43Lo SIRNA 8las g4, 57 syl 4 PEG sallos G iads Jaie yeulS o LS5 5l Bel2 (5 ,0Y) ssiRNA 3 A10 PSMA (gous
ksl 90,0 AIOPSMA ol g0 Jlasl sl jlail alols S ylgie 45 45 5o o3 400l EEF2 sla SIRNA salws PSMA (sla ol 1 (d) .ot


http://dx.doi.org/10.29252/iau.29.4.275
https://dor.isc.ac/dor/20.1001.1.10235922.1398.29.4.1.1
https://tmuj.iautmu.ac.ir/article-1-1681-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-06-14 |

[ DOR: 20.1001.1.10235922.1398.29.4.1.1 ]

[ DOI: 10.29252/iau.29.4.275 ]

YV o) Kop g (oxo dolpew

aA OL\A»-O ) o fe)Lo.(Za e V4 0399

dooSgn 9 RNA DNA Jold (( Sojeden sladsSdgeg Sle
s aieiye slle oSl ks cul  Ses
9L 5 9 slaylisle (Vb a4 (b 5l 5lige sl o 84 e
Sloadicky 5 slo Sy SIS jsba byl a5 wig) 5 4 bl
slooglas og Ils L RNA Wjls (5yiegil wbide o
o)l ool gl woSes 0 g9 5 bl 0 axgicl>
b o b5 05d b wlgie RNA sl canlio
Sber o a5 o gl (65,9 Cawds DNA ool sl S5
el o 1y b ey alie 3 Shee g LSlo 50 (Sawzmn o)
Ol (Seeluoge i Sl RNA-RNA alfss g lo
DNA- s RNA-DNA RNA-RNA g lo s (ot 5 o slo
Sl slesle Soly S lgieay RNA (il by «cws DNA
ilizee sloo )l 5 buld sl RNA L3 ol cblo cq>
Jose alides glgil @lidS glaans j0 0gd o0 00,84
o5illy j5boas o ol ] 5 i ST SIRNA (552, aiilo RNA
YF) e 55 oslitls e (53905555 4l 1 ol sl
slp Yo coslaizl 5 QL5 L b (b, ool a2 5 (VY
Sgen osliinl (5 g p llpd 5o b 0F Gl (35 el
@ (S5 09 Dga P Jshe 4 RNA S Leos Js
o e i o aale Bty K Sygo
oleys o ol Bge Gloop)S ol RNA Jlojs igow
) 5SS Ml RNA (535 (1 535 by b s e
Ol bl 5kl e s 4 g0 (aled po il Ve nm
nm S>> b Ocenm 58,5 ald RNA (V wsd 0 B>

9 o il G5k 5| Jolo 4 09,9 a0 jolB 15 ol V-

Nesclaotide
a Gp120 aptamears Spacer
L

OBl 9 Y clatsl 5 (oS5 oo Jo 4 5 (lolid
b aredan L9201y ohng pobar (plrerd 0D &So3I

5 b SIRNA (Jlolsica) JoSse sloaiss I (glos pus
—)&L»)T L):j) (\ Jj..\?) Siloads ODLJ (uLb)w AW LSLQB)‘Q
A S L) b alllstl ol )l Wi e elS
&l b paln] 5l eolanwl 5 LS sas o ralS colais! ool
agl Jolge oy0,90,0 el il Lmksolgu.‘;fl wiadan il
Jesea (V) acil onge 5 ool b ok glgl 4
aSal Jol (V) Qi ls olacy e dasob ool 4 s Lo paly]
ol Loyl a4y aS a5 ls ygdlo gLS YO-F sg05 (slojlasl Lyl
a5 Wl ALl g iwd gold g (b ned 4 aB o
S 4 06 100 kDa) (o5 ez Jdo 4 lagob
SBan gloseyy 4 yelnl og)5 anld 4z S aies ol 4
s a w]a Lb;olu" g_i>5§ o)l.hl oy M‘ﬁ 39,9 Ckba.v‘e
slbdbbéj L oawlie )0 oo ojlxl ¢ 99d s0 gmone
axyd Wgd Jalle Boa (g 4 e sl s
Sl pgd wadee GRIPN ) gyl 68,8 5 090 2L
5 Wb e alerd Oygod g Giulejlalyl 5o oyl
e ooyl & Sy ool il b Sl il e,
aslSs g0ly 5 Sealipogish loJsso dopril do (oS5
i 4 ol T B o jaliy] 4l g il Jls!
s (gow 9 OiPgel gy LI 4 Ll alea il ol sty
(V0) 05 oo Lo o] 51 ookl b ol o Jled

27 mer tatrev dsiANA

fenssaresansliilesssssssan DOO0COCOCNO000CNCNC0000000
g o
c3 c3
Gp120 apiamers Linkesr GC stick Linker 27 mar tat'rev dsilMNA
r . -y . i 4 1
2,
oo Coonoooo

T

g "B GC stick
A

(swsay

EEssssis s Farsnitieiabs et
[ 656 68 S s b S S S ]

c3
Linksr 27 mer CO4 dsiBMNA
I i

T \

ca
GC stick Linker 27 mer TNPO3 dsiRiNA
i i i

Lt | 1
[ssssssssssssssnsss i ssssssnsssssanasssanses s
[ssassiscssssoRsssnEsaSE BE s 0 a)

4 5059l e T goaims Jlasl G Gk 5l a5 tat/revis VY sla dSiRNA 4 gpl120 sla luT (@) . gpl120 aptamer—siRNA o YLasl ¥ s
o2 4 GC 5l s odiwzr Ji S &,k 5 CD4 3 TNPO3 dat/rev as 5,VY sladsiRNA ¢glsil 5 gpl120sle bl (b) wias Juate o2

(YA) wos Jeaze


http://dx.doi.org/10.29252/iau.29.4.275
https://dor.isc.ac/dor/20.1001.1.10235922.1398.29.4.1.1
https://tmuj.iautmu.ac.ir/article-1-1681-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-06-14 |

[ DOR: 20.1001.1.10235922.1398.29.4.1.1 ]

[ DOI: 10.29252/iau.29.4.275 ]

RNA (5,58 b b poliyT 50l

ool olEiils iy pole alowo /YA

HIVi Loy g1y pobiT alawly U RNAI

O RSOk Ay 4 HIVY Cdghe o5 duy o0 a5 &
2120 e85 nsSlS 9 CDA (lyee Jsho haw onipS
pleol a4 e ol 1) 5 95800 ST Gusns (75 i
Rl (1Y) 090 oo Ban Jobo sLad b oy g slas
s HIVE (leys sl adsl Giloal gp120 o 5 CDy o
5 558 (b 1y S i | s ol et
Joio sla 5 a5 6l SIRNA L 1, gpl20 ws (sl el
Odsl 50 (YY) 0,5 oo 5Lige s o 51,8 Buw |, HIV:
59,5 SIRNA - (G i 4y b gpl1200s jolin] ¢ i, 155
SO b e 9 WD de> 5 o2 L oanti HIV tat/rev g,
anti HIV tat/rev JoSo aidls o poss i L_,’.‘:.ST AL
SIRNA- ol ] el (YY) (Ya JS5) wad oyt SIRNA
Sl @p120 ws peln] () s ls Sl ailS g o Shos
S ool |y Jsbe @ HIV 3l g 5555 5 gp120 5 CDy
Tat gwgng b s ole anti HIV tat/rev siRNA (Y
P95 S)lop dad 4L ;0 g WS (oo Shgals |) Rev g
S oo e Ty oo s

Her2 wé yolyl alawly b RNAI

Bel2 siRNA-Her2 jolu] 4S5l il Kan g 05,5 o
S Her2 (YF) wop 5 @ acew olbyw Gley lp |y
3y 50 a8 Swl Jlojagl ol jeSl Jobo mhaw 00i S
S 50 .(Y0) 0ed 00 o Liem liwlie 3ble g adsl
Looods Wl 5900l a5 cul jguel 0o 5 SO Bel2
S Sl s oy sla s 5 1y pleoes S 5
4 Cod Her2+ acw olbyw a5 Sl 5 (YF) oS o
4 fpglie 5 Joigyin Her2 w3l glbojw la Jsbo
2Bl Jsl gl Her2 (la yolo] aiinn Slojo sowd
ol ol Her2+ Jlb o sla Jslo 4 Bel2 siRNA
Jsbw 4 as e 5l Ly Bel2 siRNA—).aL‘;J aSe5ls (VF)
5 oo Her2™ aew ol s sloJoks ol colais] job a
OV o Beb (5 ole Gels o

s (5T 5oy T pou S

a1, plssgs gloys wislSsisfll bl alaly b il
WS (o0d 399z Joho Jgjgiem (19,3 sl S2lS8 il
9 g (S 4 e plxil oo 1) (ol din il
& i T S Soli] e el Sy (S
olj s g0 a5 Wles ST >l b (cargo) dgese lgie
RNA 8, |15 a5 (i (51 651 (YY) (FUS0) 040 0
2-0-Me  olews Olad goiw L glos, S

49395 9)ly Sus Jolo 4 polatdl &0 4 WL RNA (F
b o s Blaal ol ay oy gl dwp 05 cdled Jore
Sy50 sk 5 Gl e 9 Wb Cuslaizl g SIS L ola )y
alaly ol 50 oo Sl HolT alawly b isbe, ol 5L

(V) RY WP RESTNE )

SIRNA — pobisT yosls

ol byl oS Wy S5 sl Sy RNA sl eyl
Sldgl Yo & ol ol sl osill slasle slacSsl
oo 3,Skes g Sl s 4 RNA (YY) oS o oS
aw bogo 8 5 el SO cwl 08 apamie psle o
@ e O JB Gy S o Wlgiee RNA &ly59L gus
wSbo RNA slaJsSge S5 (5095 4 995 5lige aliws
Oygo 4 3390 job 4 SIRNA 3 RNA (sla ol og
G ot oz el S sSle Gl YlgeS e
o s RNA 515 sty (2ol SIRNA axedos il
O0) wloas Jate po 4y cwlulssl (bl (B)lse (05
YY sea> RNA slo Shgs  SiRNA  (slaJsUse
3 sl o sl e ¥ (g S L aies susilSss
Gl 1y RNAD sk RNA 5105 unilSo Wlgs oo 45
25 sl silany o, 4 polaisl 5 03,5 el
slp SIRNA 5 elol ol hless e by, cpaiar
WS o pla 1y wiedas ey

Slwgy Sl o 6 Wb byl alawly U RNAI
(PSMA)

ey Sy PSMA) Slisgyy polaisl plie o5
Ol jliwlie g adgl Jolie jo a5 cal Laé 5l oaisS jgue
poebignl lic g Johw mhaw 59, Vb (e & Sliwg
b Jubal slo Jsko gl ) Iy 0sdiee O

Codbge job 4 PSMA wo byl 05 e ol Sl
San sl Jsle 4 SIRNA aiedon ik, Glp el
5 92 dawgi a5 gladllas ;o (Ye) wlb ooy 5 4 Slb s
Shge 4 PSMA A9 slapeln] 2é 5 alnl il Ko
A g e VY ol gliingw SIRNA & _wiVlgeS 8
Voo g5l S 5l eolizl b A/C ee¥ i GAPDH
]S (gl yusgus SIRNA § PSMA (slo ol ] a5 ol s
i S Jlal b e 5 i iy Sl ob 4

(VA (Ya S ) wiads aovie o b oy gl ol


http://dx.doi.org/10.29252/iau.29.4.275
https://dor.isc.ac/dor/20.1001.1.10235922.1398.29.4.1.1
https://tmuj.iautmu.ac.ir/article-1-1681-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-06-14 |

[ DOR: 20.1001.1.10235922.1398.29.4.1.1 ]

[ DOI: 10.29252/iau.29.4.275 ]

Y/\\/le&o&g‘s@oul&w

aA OL\A»-O ) o fe)Lo.(Za e V4 0399

Splice switching antisenses
AARGUUAUUCUUUAGRAUGGUGE 3

3
E]
[ \

S L
E T |
| e —1— a
e &
e
S A |
I (R
[
: |
G 417 e
c——c¢
| e[Sy
T | _ Nuclaolin DNA aptamers
2 £l o T (AS141 or ACT-GRC-T7T)
‘ i
G
c +nt T
| e | 4
T T "
\
L
‘ G —l— [
c——1
. e
Splica switching antisenses 5 / 7 TT )

3" CGUGGUAAGAUUUCUUAUUGARA

4 G b Gilee 0o UL ane ASI411 sl elo] FUSSS
spliceswitching  slaass2ls 54Xl alg

L ablio Gasl RNA (6 )5lis 5 dngs oy Cliios
055 ool sl 5 ol >

13 $b g0 Sl 4 oS Cesl onl Al 0 St 5 Ol
Sydiss )y Jokw (59,0 4 jgimgiil pws 35k 5 RNA
Sgemwgil (1) 1098 pundi WS 45l 4 Wlg oo aS
9 58S 8 (1) 5 (S 9 Vgigls 5l Jitase 59mgall
Sgdzte ‘) 6)9L‘5 U‘J‘ o.)j&j O)g)L; as o Conw o9
ol mhaw oadaslis sbhons pF 4 Cal pl S
olpls e Sl ey Jobo J2lo 4y 59,8 4 bgyye
aisl® 50 sasoll sl pelnl a5 ks 99y Jloil (!
sobas Lol sy, Jlasl Jolo mdaws oy Lo ¢ Jols SELEX
dgeze 3,90 (pl )3 Wgld 3)ly Joho mudbgiow 4 S
,ol] b oolyen uiw il L SIRNA asle o ogls
e g 095 os ol 4y wilgs ol

s Sealfg sl je gl ax ST Sl pge
adgi e ol sl aBlioggs lddS a0 o w2 g b
oobie o YL caSL g cGMP ax o b g bsb sRNA
9 b dnwg (2P JB jsbar 5 0dg oL b (S
S oo dgazme |y liles jo Sl g lecws oo
(FY-Fo)

(splicing) sl Joe 4 a5 cwwl phosphorothioate
A oy mile U ogd co Juaie (enhancer) osusS cy ¢85
g Baa MRNA ol o (663 ascl )0 e (il o ouile
(YA) a2 oo )13 ;50 Co 1) oals oS (slo iy (oo
gl Sl (s (5T a5 HS s nl R el
as splice-switching  6sXJl .ol splice-switching
nucleolin ,elu1 3" glyl 4 was o 515 Baa ) 5l a0y
51 6okews o nucleolin a5 Ll 51.(VY) 04 oo Jeaio
e Son Bl S plsie g oad Gl G laplb e
55l ] jaalS e JU s & e sl
-~ 0 Lk 3)lg g 00l Jale nd9ilS'es 4 splice-switching
399 (eimed g W83 oo il PrEMRNA iolpg g 00,8
L5 splice-switching (oXJl b avslin ;o (5568 gloyo

FUATAT) o)l o3y

ool sl g (g S e
it (G S5 AT IS f Sl slaapad (Lo aliy]
S JeSi by Al JulSS (5 g Lalpd 50 il e 45
ohug O fbee Sy 053 Bas 4 S JUb o JlSLs
5 598 0llgg a3l sl lojl o jeliyl aims ol |,
e o Aol g amlio BB oS wiiS 0wy | (ool
e Jhie SzsS slasSse 5 Gloys slasolis]
oo 5 (ol Gy obml & bgyye Sl G e o
Gyl a4 b pemmen () o)l sezg ol 9yse o
o RNA (55l 5l 50 25 b glacs iy,
Loohd st o 4 Glide Gloys laassils oisSl
S ebas Sl gl ol OF) ad widle i lSal
2 605 Ll il g sl fSis RNA - (sloJsSdge
oado il 3 o byl sl B aS Wl Sleys sles S

o

ol Eoly S 25 (n S Wlain S il lie o3l
s JsSge odgs RNA &l)d ol oleeonds copls ¢ 13
waolede s rdlSS s C8s b (ploeed 3w @)k I RNA
9 o9l Collad g et S5 Vbl 4z 0 b g3l all>
4 Jus g5 eonlpli 598 RNA J5Sge (olulid 5 Ll
bt Coplo 4y az g b el J8la RNA 5w jo s
Jud sleog S L 5 K)15 sladsSge RNA ©l)S oL
@ &8 Rl o plesd jie b o Wises
(FY) 55,5 Lol RNA glo JsSse


http://dx.doi.org/10.29252/iau.29.4.275
https://dor.isc.ac/dor/20.1001.1.10235922.1398.29.4.1.1
https://tmuj.iautmu.ac.ir/article-1-1681-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-06-14 |

[ DOR: 20.1001.1.10235922.1398.29.4.1.1 ]

[ DOI: 10.29252/iau.29.4.275 ]

RNA (5,5l b b yaliyT 32l

eolof 3T oKty Sy pale almo [YAY

o5 elol 5 e 3 gl ol ggemme,s il
Az 0l lgse pliebl b sl wialgs Lalis
drwg 9 Ao 2o 40 Sh i 9l (5,9L8 o] Jlo

5,5 anlss Ll RNA 5 e slagls

aiile oz pelnl (e SIS S oS S90St
—plol  lalels  amicro RNA- Lol sl elS
Jks (sa) RNA mRNA - slul slalelS antagomir
stz gl o byl gl nlS o abyT - S

alg3 drwgi (63554 anicroRNA-siRNA- bl 8L

REFERENCES

1. Hicke BJ, Stephens AW. Escort aptamers: a delivery service for diagnosis and therapy. J Clin Invest 2000; 106:923-
28.

2. Paris G, Kraszewski S, Ramseyer C, Enescu M. About the structural role of disulfide bridges in serum albumins:
evidence from protein simulated unfolding. Biopolymers 2012; 97: 889-98.

3. Govindarajan S, Goldstein R. On the thermodynamic hypothesis of protein folding. Proc Natl Acad Sci USA 1998;
95:5545-49.

4. Ellington AD, Szostak JW. In vitro selection of RNA molecules that bind specific ligands. 1990; Nature 346:818-22.

5. Tuerk C, Gold L. Systematic evolution of ligands by exponential enrichment: RNA ligands to bacteriophage T4 DNA
polymerase. Science 1990;249:505-10.

6. Lakhin AV, Tarantul VZ, Gening LV. Aptamers: problems, solutions and prospects. Acta Naturae 2013; 5: 34-43.

7. Crivianu-Gaita V, Thompson M. Aptamers, antibody scFv, and antibody Fab' fragments: An overview and
comparison of three of the most versatile biosensor biorecognition elements. Biosens Bioelectron 2016;85:32-45.

8. Majumder P, Gomes KN, Ulrich H. Aptamers: from bench side research towards patented molecules with therapeutic
applications. Expert Opin Ther Pat 2009;19:1603—-13.

9. Dunn MR, Jimenez RM, Chaput JC. Analysis of aptamer discovery and technology. Nature Rev Chem 2017;10:
0076.

10. Sun W, Du L, Li M. Advances and perspectives in cell-specific aptamers. Curr Pharm Des 2011;17:80-91.
11. Zhou J, Rossi JJ. Aptamer-targeted cell-specific RNA interference. Silence 2010;1:4.

12. Klussmann S, ed. The aptamer handbook: functional oligonucleotides and their applications. Germany: Wiley;
2006.

13. Rossi JJ. RNA nanoparticles come of age. Acta Biochim Biophys Sin 2011;43:245-47.

14. Guo P, Coban O, Snead NM. Engineering RNA for targeted siRNA delivery and medical application. Adv Drug
Deliv Rev 2010;62:650—66.

15. Zhou J, Rossi JJ. Cell-specific aptamer-mediated targeted drug delivery. Oligonucleotides 2011;21:1-10.

16. Song E, Zhu P, Lee SK. Antibody mediated in vivo delivery of small interfering RNAs via cell-surface receptors.
Nat Biotechnol 2005.23:709-717.

17. Nimjee SM, White RR, Becker RC, Sullenger BA. Aptamers as therapeutics. Annu Rev Pharmacol Toxicol 2017,
57:61-79.

18. Chu TC, Twu KY, Ellington AD. Aptamer mediated siRNA delivery. Nucleic Acids Res 2006; 34:¢73

19. McNamara JO 2nd, Andrechek ER, Wang Y, Viles KD, Rempel RE, Gilboa E, et al. Cell type-specific delivery of
siRNAs with aptamer-siRNA chimeras. Nat Biotechnol 2006;24:1005-15.

20. Wullner U, Neef I, Eller A, Kleines M, Tur MK, Barth S. Cell-specific induction of apoptosis by rationally designed
bivalent aptamer-siRNA transcripts silencing eukaryotic elongation factor 2. Curr Cancer Drug Targets 2008; 8:554—65.

21. Dassie JP, Liu XY, Thomas GS, Whitaker RM, Thiel KW, Stockdale KR, et al. Systemic administration of
optimized aptamer-siRNA chimeras promotes regression of PSMA-expressing tumors. Nat Biotechnol 2009; 27:839-49.

22. Dhar S, Gu FX, Langer R, Farokhzad OC, Lippard SJ. Targeted delivery of cisplatin to prostate cancer cells by
aptamer functionalized Pt(IV) prodrug-PLGA-PEG nanoparticles. Proc Natl Acad Sci USA. 2008;105:17356-61.

23. Charbgoo F, Behmanesh M, Nikkhah M, Kane EG. RNAi mediated gene silencing of ITPA using a targeted
nanocarrier: apoptosis induction in SKBR3 cancer cells, Clin Exper Pharmacol Physiol 2017;44: 24-31.

24. Mohebbi S, Behmanesh M, Nikkhah M, Tohidi Moghadam T. Apoptosis induction in glioma cells by
downregulation of HIF-1a gene. JMBS 2017; 9:103-10. [In Persian]


http://dx.doi.org/10.29252/iau.29.4.275
https://dor.isc.ac/dor/20.1001.1.10235922.1398.29.4.1.1
https://tmuj.iautmu.ac.ir/article-1-1681-fa.html

[ Downloaded from tmuj.iautmu.ac.ir on 2026-06-14 |

[ DOR: 20.1001.1.10235922.1398.29.4.1.1 ]

[ DOI: 10.29252/iau.29.4.275 ]

YAY | o) 5an 5 ooz dolgous QA lowe) ® Fojlad Y4 0,93

25. Bakhtiari N, Safavi SM, Hoseinipajouh KH. Cytotoxic effects of Clusterin antisense oligonucleotides and Docetaxel
on two prostate cancer cell lines. JQUMS. 2015;19: 4-10. [In Persian]

26. Bakhtiari N, Mirshahi M, Babaeipour V, Maghsoudi N. Inhibition of ackA and pta genes using two specific
antisense RNAs reduced acetate accumulation in batch fermentation of E.coli BL21(DE3). Iranian J Biotechnol 2010; 8:
243-51.

27. Guo P. The emerging field of RNA nanotechnology. Nat Nanotechnol 2010;5:833-42.

28 Zhou J, Bobbin ML, Burnett JG, Rossi JJ. Current progress of RNA aptamer-based therapeutics. Front Genet.
2012;3:234.

29. Anilkumar G, Rajasekaran SA, Wang S, Hankinson O, Bander NH, Rajasekaran AK. Prostate-specific membrane
antigen association with filamin A modulates its internalization and NAALADase activity. Cancer Res 2003; 63:2645-
48.

30. Markovic I, Clouse KA. Recent advances in understanding the molecular mechanisms of HIV-1 entry and fusion:
revisiting current targets and considering new options for therapeutic intervention. Curr HIV Res 2004; 2:223-34.

31. Wilen CB, Tilton JC, Doms RW. Molecular mechanisms of HIV entry. Adv Exp Med Biol 2012;726:223-42.

32. Zhou J, Li H, Li S, Zaia J, Rossi JJ. Novel dual inhibitory function aptamer-siRNA delivery system for HIV-1
therapy. Mol Ther 2008;16:1481-89.

33. Zhou J, Swiderski P, Li H, Zhang J, Neff CP, Akkina R, et al. Selection, characterization and application of new
RNA HIV gp 120 aptamers for facile delivery of dicer substrate siRNAs into HIV infected cells. Nucleic Acids Res
2009;37:3094-109.

34 Thiel KW, Hernandez LI, Dassie JP, Thiel WH, Liu X, Stockdale KR, Rothman AM, et al. Delivery of chemo-
sensitizing siRNAs to HER2 + _breast cancer cells using RNA aptamers. Nucleic Acids Res. 2012; 40:6319-37.

35. Arteaga CL, Sliwkowski MX, Osborne CK, Perez EA, Puglisi F, Gianni L. Treatment of HER2-positive breast
cancer: current status and future perspectives. Nat Rev Clin Oncol 2012;9:16-32.

36. Liu W, Bulgaru A, Haigentz M, Stein CA, Perez-Soler R, Mani S. The BCL2-family of protein ligands as cancer
drugs: the next generation of therapeutics. Curr Med Chem Anticancer Agents 2003;3:217-223.

37. Kotula JW, Pratico ED, Ming X , Nakagawa O, Juliano RL, Sullenger BA. Aptamer-mediated delivery of splice-
switching oligonucleotides to the nuclei of cancer cells. Nucleic Acid Ther 2012;22:187-195.

38. Bauman J, Jearawiriyapaisarn N, Kole R. Therapeutic potential of splice-switching oligonucleotides.
Oligonucleotides 2009;19:1-13.

39. Soundararajan S, Wang L, Sridharan V, Chen W, Courtenay-Luck N, Jones D, et al. Plasma membrane nucleolin is
a receptor for the anticancer aptamer AS1411 in MV4-11 leukemia cells. Mol Pharmacol 2009;76:984-91.

40. Nimjee SM, Rusconi CP, Sullenger BA. Aptamers: an emerging class of therapeutics. Annu Rev Med 2005;56:555—
83.

41. Caruthers MH. The chemical synthesis of DNA/RNA — our gift to science. J Biol Chem 2012;288:1420-27.
42. Nguyen J, Szoka FC. Nucleic acid delivery: the missing pieces of the puzzle? Acc Chem Res 2012; 45:1153-62.
43. Mukherjee S, Ghosh RN, Maxfield FR. Endocytosis. Physiol Rev 1997;77:759-803.

44. Schroeder A, Levins CG, Cortez C, Langer R, Anderson DG. Lipid-based nanotherapeutics for siRNA delivery. J
Intern Med 2010;267:9-21.

45. Thiel KW, Giangrande PH. Intracellular delivery of RNA-based therapeutics using aptamers. Ther Deliv
2010;1:849-61.


http://dx.doi.org/10.29252/iau.29.4.275
https://dor.isc.ac/dor/20.1001.1.10235922.1398.29.4.1.1
https://tmuj.iautmu.ac.ir/article-1-1681-fa.html
http://www.tcpdf.org

