[ Downloaded from journal ofbiosafety.ir on 2026-01-01 ]

[ DOR: 20.1001.1.27170632.1393.7.2.1.1 ]

(i (ag) Adaa
YYAY (e oY DJLA.A.::I Voo

G5 5 Jobu Gl (g (5 0 AR (sl (g0 gped] S (s gl I sl

OWL aabls 5 Sbt @il3 3 g Kas UL pags 'Ol ST 4kl (6 g g0yl (5530 e ) )1 B daiS
TN
Ol Ol (5398 g3 5 (K85 g o ol (5,55 (5 gl
Ol o3 Al ool 3151 oKl (655 gt s SKm 0,8 ) gt lST
Ol O 5 (539 ot 5 S5 kign o oK2a g5 Hlsleud

g)b._v‘ ‘O‘ﬂs cu.n‘).)w Ca:-v).'v' omb 6;25.: 6‘,7‘9\:.”;

ngholipour@nigeb.ac.ir

35 3 3Ry SR, Ol S 5 BlE e (Sl Slad sl 3 Sleys 05 gl ame )5 05 LI s
Olays 5l SLI5S 5 &S e slendn 1 ads) Glsher &0 05 DS JUsl (oS 58 oz b 05 Ll il
Oisesl g 5 eslanal b o5 JWml o5 0l oS 55 s5ls 5 55 15 (sl colae S50 Jodas o &1, (3350
5 oml el @Bl alS au s b baedl Sl eslinal Sk o s s Sy Sy gln mlie S0l
S35l s 42308 a3 W 53 Al s Sl sSs Sl relie Gulr LlS e (TS Bl
s Gl 5555 pl el a8l ann s sy 8 Sleys 05 Sl 585 Ol (SB) wi sl
ngﬂ S oy polaFl A5 Gl SB S5l 5t S o S5 ea L1 aa gl
sl me & cSosye el 3 Celans S 5 eslinal 3550 Cudbse oSl T sladsle 55 (CAR)
pmed el ol 433 5y SB Oiseedl 5 AU L SLl sladshe a4 05 el JUSL 6l 083 sl

.wlgum;CJ.:um%w,w}”wmm;jwjﬂgjdwéuw

S sl o oless O it Glu 3 05 gl 5w s SLa) 58 8 ¢ S5 gl 5 sla, 55 5 g dldS CiledS

sobe b e LS (genomic insertion) 5 an i

e 5 S Slhgedls Bl G Shse

ey Olpe @ Olg o L Srals LB ole

S hile 3 S B oxe lON (g3 edias JLi!
A RS JE el Gl sl S S zo° 4 2L as (integrating viruses) o s Sl

14


mailto:%20%20%20%20%20%20%20%20%20%20mj_khani67@yahoo.com
mailto:%20%20%20%20%20%20%20%20%20%20mj_khani67@yahoo.com
https://dor.isc.ac/dor/20.1001.1.27170632.1393.7.2.1.1
http://journalofbiosafety.ir/article-1-68-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-01-01 ]

[ DOR: 20.1001.1.27170632.1393.7.2.1.1 ]

MIYAY e oY OJM Voo yga cukugjw\ M.AA"

Kan 3 &S spbes | ey sladsame o3l
el sl S gbaase Lol el
Sobweslal (Jilie 3L LS5 siledilen
IR Sty GOLSs e sl sSs
& Osk 5 Vb sl Ol s g3l L
B sy sl @ sss 0 s 45
doaedy e (Sl sl IO 51l
() ol 5 b 4 s s 8 Loy 555)
sbadsle glaaa @ a5 555 oS Co
Lo sas a5 a5 il 5 vw VS o () (S
Oy & hld 8l ety JI5 Lol e
sbaass giluasr LSS (@) 5 OV) Lobs sl
355 Ol Llg o aS (Ol 5 (L LLISS) sume

(V) &S sl 1

W0 55 sl 5 51 szl b 015 oo |y OISl ()
SB ., 1y YU 3 ek S35 ules oS sls ralS
O3 L Kl e & ol JUiS s G 1 e S
of el ol 510D 58 850 Sl Sleys
Yoo 5l i ;3 SB ol AR Jl s
ool sskwea, SB s ol 0l 031> 0 Jlia
o5 o LS 5 s s ey S 035
SLesiss S & emie lolgs b
S SB sl sl 4Bl anaw s Ollse e
w0 Ollse e 53 ealizal (gl &S el S wj
Sl Jls Ol pls 4 pdB L San ekige )
08) col ol atle VU3 ol ol 5 i
Yox Ve Ml i 5 Alg e SB o slads) sl
crl 4 53 asd 3l Ol p 35 3 oKl
Ghoer slr Lol ki o nS Lol
05 JWEl 5 b LWl O g5l <=l> TONSTEE

S5 53 om S e Gloless Sl nl sl
b 0515 S5l ol Sl e sSan 61 S
o bl J28 Glosed 4 Ik a5 200 lp Ol 5
Gl iy 458 0l (YY) 58 eslizad LS Sl
Oblse g 055 GO sl 1y glaely ¢ lis
53 5 Sad ke W5 sl 05 JUSH Ao |
(germling) 2ol e, L bl W9 (sl S
G2 53208 5 sl Slidss gl vl
oo Shlgm 53 05 3 SKhos 45 plis 51 (K55
el Ol s (S35 sl Oy
a5 (SB: Sleeping Beauty) aus slyy LS e
Sladshe & 03 Jsl U5 S 2y sse 5
Aol c;\:, 9 s QLA s 31y Ollse e
5l KI5 pwkige 51 LS il SB 4SS
(insertional) >3 b5 e 05 Jlnl ades
in 5 ex vivo 5 Kby by glags Jlis!
b 5,8 sl e e 5l 3 Rd s o | ViVO
Do ot 2L 5 el sleel b 4 SB e

YV 58 dal = Sas

b s 05 8 Sloless s b 03 JUsd
St ol o Sl Sl @S sk
2,8 o DA s 205 s SR S350
5 ole 53 gilweslel (gl s s gl 36 (D)
5 ASdy (Gl 05 Gl b s GV sls 2o
Sols da s s g3lueslal () clitn Ca30l S
Ltr Gie Jalse Loy (ST 51 20 D e
Crs el (Ses wsns 0s5Ss () (YH)
s ) sl tile a2 U sk L3l
LS (3) g s Cpom b (V0) Ll /(YY)

K:MNl g)_ia«d (LIRS 6&)}5) JJT‘)lS ““.‘3


https://dor.isc.ac/dor/20.1001.1.27170632.1393.7.2.1.1
http://journalofbiosafety.ir/article-1-68-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-01-01 ]

[ DOR: 20.1001.1.27170632.1393.7.2.1.1 ]

M AR ol Ggsaead S (5 gl ) paliia () St g ) g 8"

Sl b 25 BB pslie M5l b 4y pe
Silwe =3 53 DS Oblany Comazr [ )5 exlinl
33 0bges Jshe J15 55 sl STy sl e
ssnsas S0l sty s Jeol Shs
Oby 5wl 5 e alien L& &S 5505 35
23 ekl wdige dadl 53 edd e (la0]
sldde sty 0F ol Jsl el Ecoli
D T L TR Bl
Lo cle 4 Wlg 0 &8 ol LA s sl
3558 el Ran cpd AL Aaldl S5
o el badsle 4 loles slad S
sla ol onie ol s 4 B Lol
ol ol Oyl S esns o
5heslizal (Jl-cpl b lois iabesl Koo
i3 1y oS3l (SBTS) SB 055 spml i
03Ul SUl3e 6 s st 555 oyl il 03l
LS o S5 ) wmy ol 5 la sy
2228 6 g Sl Ch Ll Sm e (YY)
JS8) ol ax3ls S slaglsl Ol sy (0L
S (W ol epm 55 5l JK2ze SBTS (0
e (D) 5 Sl 05wkl S sl Os5sl S
Sl i 03,5 3505 5l el b Sl sl 5 5
03 S5l ol s o83 4 Ay S

))}TCMJ‘UQ‘)SL;G b f)l}

s bdsbe @ i B 5 glas Slas i Sl
Glas gazme G OT JLis 4 5 o oslizul Lacil,
Sl bl esll &8 el sel L eske |
I SB aauly & Sy S gy olas
SB e Ll a5 gl Ll e s s e
35 ol 55 Sleys 05 (63 20 glaael sl

Q)

CJL:&W s8] @ gé)}f e U'l\ BE
L) Lol S el 8 Sl S dhpl-m-:w
3n3 St b anslis 55 BB 4 55 ASU
NG OMMJJLQLSJL“:-’ULA)J)&::J}

SB 893 g3l 5 s

LgLA)}AS) w‘); L 4;.::.;\; an> djlo e LA&;.?M
63 3 4;-)4“‘}4\3 Lf.l"“.\ &.'-Laﬁ 05 awey 4o Py
Q\)& “ Lhu»:jﬂ} )‘ osleiul L ‘dl}gfi‘ Lv ol
ol ooy (3L Slr aulse 05 b sla S
u.,<M aS cwl.wb ol.<.it>- BE rLs‘«J\ A.Jw.;- )‘ S
S Gl S J xS 5 e 28 il Ll
L oL e laansa 5 o)l b gy JulS 255 5
o3lital (sLlze (OA) ol VU a0l oy oo 5 A 55

coslaiul d).@.w )‘ .L.S)L‘.G L;ﬂjf)ﬁp 6[.&&.45- )\


https://dor.isc.ac/dor/20.1001.1.27170632.1393.7.2.1.1
http://journalofbiosafety.ir/article-1-68-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-01-01 ]

[ DOR: 20.1001.1.27170632.1393.7.2.1.1]

MIYAY e oY OJM Voo yga su;'u.ugjw\ M.AA"

Transient
Expression
The, Gene
v
Sustained
Expression

c;iJJ;) J...I:b S 90 C,JL: BE) Li (wlgml‘;: E) ﬂ)ﬁ}fﬁl) .,\MLL: sld LS LAJ)LA ASJ__s\ LU Lo u_:})}.:.w;“;: W JL.«)‘

LoDy 53 b Og3sedl 5 Gl Dy Olea (55, S ol S5 SB j\)}rﬁj\j@gaw&ﬁf&ﬁjb ol sy (Salysgydn

DL 05 ol ise i adsl Sldlae ol b
Gl 315 513 A0 5550 1, Sleys 0 sl SBTS
A dels G0 e oSl sl (Y JS2)
e OF s el 5 S5 Sl 5 i5u
OF 51 eslizl (gl » SBTS (slaacr plas L3 S,y
() sl wsle Sloas ol el p"}f Olays s
elige Dlakad 5 Il M5l aes (5500 4
S5 b Slos by b Oly 4 Ol Gl
sl iss (@) SB lisedl s aibe S 5,058
bl o sl el 3555 Sl s 5 (2405
o bos JEl gl edd eslial  Jyle oS
S5 el Sl () s Sl sl sk
03 el Sl Ol a5 SB sl S
(F) s Wl slad shu

23 g o 03ls 413 slalas

L5 5L sl olew Oleys (61,2 SB s 58
gl o (8Y) ws el ol OLKes 5 Yant
Sbise 3 Al ST L Ol (Rl
Stz 3 FIX) IX (oS a5 580 5 e
sl s W FIX 558 ghls lisas Sl
3 e gladie Goge Olays Jaw g Lasslaws
ST A Jbsen (YA 5 shonis,g alox
M VI 51 g5 (MPS) it Sle LS 5o
Sl SBladssmly culpesdle s Jlis
(YY) (epidermolysis) it sesdgl Obeys
D GipteS (X0 S dr slo it 6
Sl ks oslinad B Johe o) 5 (0) JSb s
Olys sl SB sl s)smdl 5 da fge 5o (YY)
DA eslanad 355 6355 5 s O oL,

OV el as §


https://dor.isc.ac/dor/20.1001.1.27170632.1393.7.2.1.1
http://journalofbiosafety.ir/article-1-68-fa.html

[ Downloaded from journal of biosafety.ir on 2026-01-01 ]

[ DOR: 20.1001.1.27170632.1393.7.2.1.1 ]

", AG8A el O8] A Sk 3 saldi) (i lSar g J#"ﬁ"

* Insulators

Efficacy

Delivery

Safety

53 ) Sl iy 5,8 1 bl ssse el s Jlsl (2D e a5l Sleys a3 585 S oY K2

(7)) das e 13 i G e e ) el 4ea SBTS Jleys slas )18

Lol 0f o SY5b 0L sl ol edly
Sy 3 el s edes LS S (TE)
T sl 5 2o Do 03 s
23 (03 Oaelipe slml oMy (10) ol o535
slosss ol s b sl
e ok eslaal Sy OF Glp s
sl (1) 555 o X 5 atsls kb ia]
e esnasSs slusSs Sl Sl
B B W e S L AL SIS HGVEP N
Sl s YL Sl 5 S50 2l (ulg
S 3ol 53 15 0T Sl es 2 eslizul s A 5
S S5l el Sloys 585 S o pe
T sy SLusSs po skhs o
Jodly Gl L oS b il (o5 5008 Sk

aly 2 05l Cu e Al ol jon o sllasl o3l

U3 05 $lp oSy K Olge 4 05l 5

05 byl i iy Slag 3l aul a5 ob5 sla i
Obudl o o S 5 Sl Slagsslany Obeys (6l
gl Sloys O s,y S Lledd esls olas
LS Oleys a0y Jluyl 4 o6 (Ll b
Wb s e gad sl 55 o gt YU LTS
Sy O 53 5L 355 el sbal Sk L (¢
22 (P95 e Sl (z il 5L iS5 b
A3l plowil BB auza B G sl Blas of
YY)

dsldze o5y 05 JUEl sl e s s 5l eolinl
S L s sl sSs Jle gl o
o b sloles Sl Gl e
5 A LS (bl glad sl Slapsisas S


https://dor.isc.ac/dor/20.1001.1.27170632.1393.7.2.1.1
http://journalofbiosafety.ir/article-1-68-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-01-01 ]

[ DOR: 20.1001.1.27170632.1393.7.2.1.1 ]

MIYAY e oY OJM Voo yga cukugjw\ M.AA"

3 Sop ol ol Wlge 5 Ll
S glacisge ghls a5 ool Wbe el

S Je | s (gl Ok g3

(S5sels SlusSs 5l esliad O esdle
(V) 3 1 Sl glacals SLIL S
SB laysSs cominsis Sbptenm boanslis
Srysn Sl oS Cusl sbls S sk
2 sl gl Jls Gl (FA) s LS
oSl (JEE s, bl
sbis sl sls Belal sledl
esge ial3il 1y SB i sl (55 cles
Olgas Llg o S5l aenl 5 (g5 LB Hsbay (YA)
AR e b ol Sl st 5 el 101
(FQ) 555 Ssipmmil 5 S, sS 5 05lss o p
5 Sl golad 5 385 SB egises,S Sl
ol 02 5518 SB L Jas e e U &S mes

(V%)

L s Sle oS ol Gl SB G5 sl S
ke s Ol 4 e L5 e Sl Sl a5
A P B T SR GE g [ ANV I
(08 (7 K8 558 Jae bl (preclinical)
Stz choondly il 2 SB O3l 5 ccnl 2l
SladSse 51 SOl b 1y s s sla,sSs
AS oS S - LS o oslinad w510l g2
SlaosSs (s S,y s oo LAl ul s b
Ay IOy Olgea Wlg o S5l S
Gy 4 1y LOT 45 (5 osls Jlasl 5 ,lueS
Coye Ll o coge opl LS o b Ol 5 esle
AL el b gla malesl (gsllel,y (gl ege
Sep Sl Jals SB e K> cupe S
Ok (8Y)  (immunogenicity) ol s
(£8) Sl S e Gl €1, S o Cuspidome
lSe Sl e 4y (V) il 03,28 sl
G sSy Cd SR o Bss S0 (]

ez o e hled (sl Ol b 5 Saisel S


https://dor.isc.ac/dor/20.1001.1.27170632.1393.7.2.1.1
http://journalofbiosafety.ir/article-1-68-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-01-01 ]

[ DOR: 20.1001.1.27170632.1393.7.2.1.1]

M AR ol Ggsaead S (5 gl ) paliia () St g ) g 8"

Cell culture

Transgenesis

Insertional mutagenesis

Gene therapy

CECEEeEeE

editorial

Molecular
Therapy

Sleeping Beauty Vector System Moves
Toward Human Trials in the United States

L

Ollse e K53 55 Sa sl 5 sla, S s ) slas 8 =Y s

SlakamYe LB e s s b Bl sla, 55
Slys 03 53 LD 5 el slas S5 Wl ol

(YV0) ol 03 S slowl Gl
Ao 21l8) SBLOOX 033 5pmdl 3 Jlad iy s
LS‘J'.' ‘) ‘Jls J )‘J‘ili Oj JLZ.U\ ‘(SB “ w LSJ'."J'.'
b w5 adsl gladshe 53 Gloys Slaal
Gl ol azils Ul eslasl glad b 5 gola
=S e SBLOOX w5l eslizal (s
(E) sl eslasl gladsle a4 03 Jl)
[zl sladshe (ortilpe 3l slad s
(£) 3530 WIPSC 5 (Cedg0) aeanls (5l

Coy s
o bl o eolhl ad, @i dl ke
Sobo uker Oleys gl SB s 51 eslinal
s st (D) B s A Lises (ld
«(*+) (junctional epidermolysis bullosa) .3
Gole ((10) 055sls ol (TA) T o358
) s Sl Sn (80) JSE s S
ws S 5 eslinal 3550 T s s 5 (FY) O
Gib 305 Q! Gl egr slapd e sdhony o
OV = o 5 T e Olays gl s > SB
B sblen Sl @S 5 s St

J,:J}; ‘gﬁ-‘)”l‘” (-\) Sl 0 4:.3‘:).3 u';j}‘;


https://dor.isc.ac/dor/20.1001.1.27170632.1393.7.2.1.1
http://journalofbiosafety.ir/article-1-68-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-01-01 ]

[ DOR: 20.1001.1.27170632.1393.7.2.1.1 ]

MIYAY e oY OJM Voo yga cukugjw\ M.AA"

O35 5l 3 sl (A) d ails 52y (S5 oo
w3 S 3 bl s 0lll g, 45 SB
CAR: chimeric ) o5 o5 .51 ssim, K ol
S o b sl &S 55 (antigen receptor
Lisiad layws o T sbadsls (cytotoxic)
Case (OFT) 35 L5 eslind 3,56 Coe CDI19
Slyess Gl SB 05 geedl 5 s 31 eslaad
bl aupe Ea bld T sladsbe S5
05 b slaeslanad gl Ay slol gy el
ol Sl s S P sl sSs Lol
o308 b DS Gl e Slos o s dles
Col sld il ot CAR (T ladshe Giy5
SSes SBLO0X 4l il ew T cles ()
Sla, Sy 4 culd LS Gl 4 B el
G e slaglesl Gl &S A3l s s 55
ROW NN Cewdds

S5 ol

ol o 1 Lol b oS LS oles 51 o8 5
Aol 1y K colg cllails o S s

References

5 05 4wy ol 5 gols ol 5 ool
sk Sl (SB35 edemy gbaolen 3 s
SBL00X Jl i Slysedl 3 Ol o s LG
Sbdsle €500 s Shos b pled 555 e
ol 3l ol 5wl golisl /sl
Ll (8Y) el o odaline 0T 55 S5 5
0SB 05 sl SB 0sgedl 5wl L
& 0l 3l 5 iPSCs sladlu o PAX3 s 5,
Gl b s 5 MyoD SGojsee galixl glad sl
S ol algiy S e oS il L Sk d
e IS5 K Olgea ol Sos PAX3

(EY) 555 03liad IPSCS 3 (K55 5ue
33 el Jle 53 8B e b 5, ol
S AFAT sladsbe 5l eslizal (ool sl Jm
s ol Olosss Caa w0 |y (S8 a8l i
el oL aawsid (80) A4S s Culaa B
Al e 05 JUSl Wt lapteem bl sl
S5l e Tdshe G5 o & 5b0les

& O (st 5 s S b

1- Aronovich, E.L., Bell, J.B., Belur, L.R., Gunther, R., Koniar, B., Erickson, D.C., Schachern, P.A.,
Matise, 1., Mclvor, R.S., Whitley, C.B. and Hackett, P.B., 2007. Prolonged expression of a
lysosomal enzyme in mouse liver after Sleeping Beauty transposon-mediated gene delivery:
implications for non-viral gene therapy of mucopolysaccharidoses. The Journal of Gene Medicine: A
cross-disciplinary journal for research on the science of gene transfer and its clinical applications,

9(5), pp.403-415.

2- Aronovich, E.L., Bell, J.B., Khan, S.A., Belur, L.R., Gunther, R., Koniar, B., Schachern, P.A.,
Parker, J.B., Carlson, C.S., Whitley, C.B. and Mclvor, R.S., 2009. Systemic correction of storage
disease in MPS | NOD/SCID mice using the sleeping beauty transposon system. Molecular Therapy,

17(7), pp.1136-1144.

3- Aronovich, E.L., Mclvor, R.S. and Hackett, P.B., 2011. The Sleeping Beauty transposon system: a
non-viral vector for gene therapy. Human molecular genetics, 20(R1), pp. R14-R20.

4- Belay, E., Matrai, J., Acosta-Sanchez, A., Ma, L., Quattrocelli, M., Matés, L., Sancho-Bru, P.,
Geraerts, M., Yan, B., Vermeesch, J. and Rincon, M.Y., 2010. Novel hyperactive transposons for


https://dor.isc.ac/dor/20.1001.1.27170632.1393.7.2.1.1
http://journalofbiosafety.ir/article-1-68-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-01-01 ]

[ DOR: 20.1001.1.27170632.1393.7.2.1.1 ]

Mo AR ol Gggaed S (59l ) el o)) ASad g g 8"

genetic modification of induced pluripotent and adult stem cells: a nonviral paradigm for coaxed
differentiation. Stem Cells, 28(10), pp.1760-1771.

5- Belcher, J.D., Vineyard, J.V., Bruzzone, C.M., Chen, C., Beckman, J.D., Nguyen, J., Steer, C.J.
and Vercellotti, G.M., 2010. Heme oxygenase-1 gene delivery by Sleeping Beauty inhibits vascular
stasis in a murine model of sickle cell disease. Journal of molecular medicine, 88(7), pp.665-675.

6- Belur, L.R., Frandsen, J.L., Dupuy, A.J., Ingbar, D.H., Largaespada, D.A., Hackett, P.B. and
Mclvor, R.S., 2003. Gene insertion and long-term expression in lung mediated by the Sleeping
Beauty transposon system. Molecular Therapy, 8(3), pp.501-507.

7- Bestor, T.H., 2000. Gene silencing as a threat to the success of gene therapy. The Journal of clinical
investigation, 105(4), pp.409-411.

8- Bonini, C., Grez, M., Traversari, C., Ciceri, F., Marktel, S., Ferrari, G., Dinauer, M., Sadat, M.,
Aiuti, A., Deola, S. and Radrizzani, M., 2003. Safety of retroviral gene marking with a truncated
NGF receptor. Nature medicine, 9(4), p.367.

9- Carlson, C.M. and Largaespada, D.A., 2005. Insertional mutagenesis in mice: new perspectives and
tools. Nature Reviews Genetics, 6(7), p.568.

10- Chen, Z.J., Kren, B.T., Wong, P.Y.P., Low, W.C. and Steer, C.J., 2005. Sleeping Beauty-
mediated down-regulation of huntingtin expression by RNA interference. Biochemical and
biophysical research communications, 329(2), pp.646-652.

11- Graham, A., Walker, R., Baird, P., Hahn, C.N. and Fazakerley, J.K., 2006. CNS gene therapy
applications of the Semliki Forest virus 1 vector are limited by neurotoxicity. Molecular Therapy,
13(3), pp.631-635.

12- Hackett, P.B., Ekker, S.C., Largaespada, D.A. and Mclvor, R.S., 2005. Sleeping beauty
transposon-mediated gene therapy for prolonged expression. Advances in genetics, 54, pp.189-232.

13- Hackett, C.S., Geurts, A.M. and Hackett, P.B., 2007. Predicting preferential DNA vector insertion
sites: implications for functional genomics and gene therapy. Genome biology, 8(1), p. S12.

14- Hackett PB, Largaespada DA, Cooper LJ. A transposon and transposase system for human
application. (2010). Molecular therapy: the journal of the American Society of Gene Therapy.
18(4):674-83. Epub 2010/01/28.

15- Hacein-Bey-Abina, S., Garrigue, A., Wang, G.P., Soulier, J., Lim, A., Morillon, E., Clappier, E.,
Caccavelli, L., Delabesse, E., Beldjord, K. and Asnafi, V., 2008. Insertional oncogenesis in 4
patients after retrovirus-mediated gene therapy of SCID-X1. The Journal of clinical investigation,
118(9), pp.3132-3142.

16- Hausl, M.A., Zhang, W., Mther, N., Rauschhuber, C., Franck, H.G., Merricks, E.P., Nichols,
T.C., Kay, M.A. and Ehrhardt, A., 2010. Hyperactive sleeping beauty transposase enables
persistent phenotypic correction in mice and a canine model for hemophilia B. Molecular Therapy,
18(11), pp.1896-1906.

17- Henikoff, S., 1998. Conspiracy of silence among repeated transgenes. Bioessays, 20(7), pp.532-535.

18- Hodges, B.L. and Cheng, S.H., 2006. Cell and gene-based therapies for the lysosomal storage
diseases. Current gene therapy, 6(2), pp.227-241.

19- lvics, Z., Hackett, P.B., Plasterk, R.H. and lIzsvak, Z., 1997. Molecular reconstruction of Sleeping
Beauty, a Tcl-like transposon from fish, and its transposition in human cells. Cell, 91(4), pp.501-
510.

21 lvics, Z. and lIzsvék, Z., 2010. The expanding universe of transposon technologies for gene and cell
engineering. Mobile DNA, 1(1), p.25.


https://dor.isc.ac/dor/20.1001.1.27170632.1393.7.2.1.1
http://journalofbiosafety.ir/article-1-68-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-01-01 ]

[ DOR: 20.1001.1.27170632.1393.7.2.1.1 ]

MIYAY e oY OJM Voo yga cukugjﬁ\ M.AA"

22- lzsvak, Z., Hackett, P.B., Cooper, L.J. and lvics, Z., 2010. Translating Sleeping Beauty
transposition into cellular therapies: victories and challenges. Bioessays, 32(9), pp.756-767.

23- Jena, B., Dotti, G. and Cooper, L.J., 2010. Redirecting T-cell specificity by introducing a tumor-
specific chimeric antigen receptor. Blood, 116(7), pp.1035-1044.

24- Kay, M.A., Glorioso, J.C. and Naldini, L., 2001. Viral vectors for gene therapy: the art of turning
infectious agents into vehicles of therapeutics. Nature medicine, 7(1), p.33.

25- Kren, B.T., Unger, G.M., Sjeklocha, L., Trossen, A.A., Korman, V., Diethelm-Okita, B.M.,
Reding, M.T. and Steer, C.J., 2009. Nanocapsule-delivered Sleeping Beauty mediates therapeutic
Factor VIII expression in liver sinusoidal endothelial cells of hemophilia A mice. The Journal of
clinical investigation, 119(7), pp.2086-2099.

26- Liu, L., Liu, H., Visner, G., Fletcher, B.S., Liu, L., Liu, H., Visner, G. and Fletcher, B.S., 2006.
Sleeping Beauty-mediated eNOS gene therapy attenuates monocrotaline-induced pulmonary
hypertension in rats. The FASEB journal, 20(14), pp.2594-2596.

27- Lozier, J.N., Csako, G., Mondoro, T.H., Krizek, D.M., Metzger, M.E., Costello, R., Vostal, J.G.,
Rick, M.E., Donahue, R.E. and Morgan, R.A., 2002. Toxicity of a first-generation adenoviral
vector in rhesus macaques. Human gene therapy, 13(1), pp.113-124.

28- Montini, E., Held, P.K., Noll, M., Morcinek, N., Al-Dhalimy, M., Finegold, M., Yant, S.R., Kay,
M.A. and Grompe, M., 2002. In vivo correction of murine tyrosinemia type | by DNA-mediated
transposition. Molecular Therapy, 6(6), pp.759-7609.

29- Ohlfest, J.R., Lobitz, P.D., Perkinson, S.G. and Largaespada, D.A., 2004. Integration and long-
term expression in xenografted human glioblastoma cells using a plasmid-based transposon system.
Molecular Therapy, 10(2), pp.260-268.

30- Ortiz-Urda, S., Thyagarajan, B., Keene, D.R., Lin, Q., Fang, M., Calos, M.P. and Khavari,
P.A., 2002. Stable nonviral genetic correction of inherited human skin disease. Nature medicine,
8(10), p.1166.

31- Ortiz-Urda, S., Lin, Q., Yant, S.R., Keene, D., Kay, M.A. and Khavari, P.A., 2003. Sustainable
correction of junctional epidermolysis bullosa via transposon-mediated nonviral gene transfer. Gene
therapy, 10(13), p.1099.

32- Peng, P.D., Cohen, C.J., Yang, S., Hsu, C., Jones, S., Zhao, Y., Zheng, Z., Rosenberg, S.A. and
Morgan, R.A., 2009. Efficient nonviral Sleeping Beauty transposon-based TCR gene transfer to
peripheral blood lymphocytes confers antigen-specific antitumor reactivity. Gene therapy, 16(8),
p.1042.

33- Singh, H., Manuri, P.R., Olivares, S., Dara, N., Dawson, M.J., Huls, H., Hackett, P.B., Kohn,
D.B., Shpall, E.J., Champlin, R.E. and Cooper, L.J., 2008. Redirecting specificity of T-cell
populations for CD19 using the Sleeping Beauty system. Cancer research, 68(8), pp.2961-2971.

34- Sinn, P.L., Sauter, S.L. and McCray Jr, P.B., 2005. Gene therapy progress and prospects:
development of improved lentiviral and retroviral vectors—design, biosafety, and production. Gene
therapy, 12(14), p.1089.

35- Thrasher, A.J., Gaspar, H.B., Baum, C., Modlich, U., Schambach, A., Candotti, F., Otsu, M.,
Sorrentino, B., Scobie, L., Cameron, E. and Blyth, K., 2006. Gene therapy: X-SCID transgene
leukaemogenicity. Nature, 443(7109), p. E5.

36- Till, B.G., Jensen, M.C., Wang, J., Chen, E.Y., Wood, B.L., Greisman, H.A., Qian, X., James,
S.E., Raubitschek, A., Forman, S.J. and Gopal, A.K., 2008. Adoptive immunotherapy for indolent
non-Hodgkin lymphoma and mantle cell lymphoma using genetically modified autologous CD20-

Yo A


https://dor.isc.ac/dor/20.1001.1.27170632.1393.7.2.1.1
http://journalofbiosafety.ir/article-1-68-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-01-01 ]

[ DOR: 20.1001.1.27170632.1393.7.2.1.1 ]

Mo AR ol Gggaed S (59l ) el o)) ASad g g 8"

specific T cells. Blood, 112(6), pp.2261-2271.

37- VandenDriessche, T., lvics, Z., lIzsvdk, Z. and Chuah, M.K., 2009. Emerging potential of
transposons for gene therapy and generation of induced pluripotent stem cells. Blood, 114(8),
pp.1461-1468.

38- Walisko, O., Schorn, A., Rolfs, F., Devaraj, A., Miskey, C., lzsvdk, Z. and lvics, Z., 2008.
Transcriptional activities of the Sleeping Beauty transposon and shielding its genetic cargo with
insulators. Molecular Therapy, 16(2), pp.359-369.

39- Wilber, A., Frandsen, J.L., Geurts, J.L., Largaespada, D.A., Hackett, P.B. and Mclvor, R.S.,
2006. RNA as a source of transposase for Sleeping Beauty-mediated gene insertion and expression
in somatic cells and tissues. Molecular Therapy, 13(3), pp.625-630.

40- Williams, D.A., 2008. Sleeping beauty vector system moves toward human trials in the United States.
Molecular therapy, 16(9), pp.1515-1516.

41- Xue, X., Huang, X., Nodland, S.E., Matés, L., Ma, L., Izsvdk, Z., lvics, Z., LeBien, T.W.,
Mclvor, R.S., Wagner, J.E. and Zhou, X., 2009. Stable gene transfer and expression in cord
blood—-derived CD34+ hematopoietic stem and progenitor cells by a hyperactive Sleeping Beauty
transposon system. Blood, 114(7), pp.1319-1330.

42- Yamanaka, S., 2009. A fresh look at iPS cells. cell, 137(1), pp.13-17.

43- Yant, S.R., Meuse, L., Chiu, W., lvics, Z., Izsvak, Z. and Kay, M.A., 2000. Somatic integration
and long-term transgene expression in normal and haemophilic mice using a DNA transposon
system. Nature genetics, 25(1), p.35.

44- Zayed, H., 1zsvék, Z., Walisko, O. and lvics, Z., 2004. Development of hyperactive sleeping beauty
transposon vectors by mutational analysis. Molecular Therapy, 9(2), pp.292-304.

45- Zhu, J., Kren, B.T., Park, C.W., Bilgim, R., Wong, P.Y.P. and Steer, C.J., 2007. Erythroid-
specific expression of B-globin by the Sleeping Beauty transposon for sickle cell disease.
Biochemistry, 46(23), pp.6844-6858.


https://dor.isc.ac/dor/20.1001.1.27170632.1393.7.2.1.1
http://journalofbiosafety.ir/article-1-68-fa.html

[ Downloaded from journal ofbiosafety.ir on 2026-01-01 ]

[ DOR: 20.1001.1.27170632.1393.7.2.1.1 ]

MIYAY e oY OJM Voo yga cukugjﬁ\ M.AA"

Using the technology of Sleeping Beauty transposons for genetic engineering and
cell-mediated immunity

Naghmeh Gholipour!®, Malihe Naderi?, Amir Mousavi®, Fatemeh Akbarian?, simin nafian
dehkordi! Farzaneh Khani® and fatemeh nafian dehkordi*
PhD student of National Institute of Genetic Engineering and Biotechnology, Tehran, Iran.
2 M.Sc, Department of Microbiology,Qom branch,Islamic Azad University,Qom, Iran.
3Associate Professor of National Institute of Genetic Engineering and Biotechnology, Tehran, Iran.
4PhD student of Tarbiat Modares University, Tehran, Iran.

ngholipour@nigeb.ac.ir

Abstract

Sustainable production of transgenes in human cells can be combined of both viral and non-viral methods
for gene therapy. Efficient transfection into primary cells is proposed by recombinant virus technology;
even though provided by reports of successful treatment, it still has a lot of disadvantages. As of today,
the use of plasmids can be a viable alternative to viral vectors for its reduced costs, low immunogenicity,
and effective insertion. In the past decades, Sleeping Beauty transposons (SB) have been developed as a
non-viral vector system for gene therapy, with the shared benefits of both vectors and naked DNA. The
SB system has been successfully used in human T cells for generating specific chimeric antigen receptors
(CAR). This article is aimed to introduce transposon technology for a safe genetransfer into human cells
with the emphasis on SB systems. Moreover, viral and non-viral gene transfer systems are described by
considering both the advantages and disadvantages.
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