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4 15 15 1.3+£0.45 0.5 1 0.5 2.4 +0.35
5 15 25 0.8+0.15 0.5 2 1 2.7+0.35
6 15 3 Cell death 0.5 3 15 1.83+£0.15

05 JUS! S a5 (B (omgng e slaghsy (JS 50 &S
ol Sy Jle plgie 4ot oi Jlowiilie slagbo @
Lol Jlossilpe sbadshe oaSiuils ohee «wldlas
YO U Y o lalpd o yige 50 5 SdaslS slaad 5l oolanul
Liog o5 6,50 adlas ,0 (V) canl sad (315 oo
Sl sk iSanily ol wwl oads plodl (e § (5 aid
eeliSEgd 5l eslinul b g Laulyd e 0 5y Jlewitilie
ol 5l plaSone 45 sy e S5 4 (V) ol sas )55 VAR
3 aals B Sleyorys Blaal gl LaaSadl s ol
b anllas oo 1) piSandl s lime M Wlgi oo &S slacile
3530 Jlortilse sla ol £55 0s by ond 53 adlho 53 5
Jlertilie ladsho 9, 2 (Jol B 4S5k bl anlllas
plxl &) Jlowslie sladobe 595 2 (so9o adllae 5 Sl
Gl aie g5 &5 CAF g syl g ol widS
5 bl wision (o b e w5y sl Jlowiilye (sl Jsbs
R O B R ID L VIR
WAL o (6 i Sllllae ploul 4 5Ls s )3
JUE Z2 (g ny )5S 5l izmen adlllas Gl 5o
wls b oolital ige Jlarzilye sl Joke 4 GFP sesdly
Ve sl e Candly S g (omgny (G 595y oS ol plas
Gl ATy tules eSTodls 1) Jlowtilye slo sl auo s
5 il adls b ok cul gled @08 b g qulisd » hie
Sy doy £o00 g 0Y aSladls e alie Slallas
Sadshe @y aoyp Vo (1Y) hse Jlariilie sla sk
sladolo lp so,s FY sgae (YY) Gl Jleciilie
Sbdsks 6ly 3oy L VYy (VF) gene Jlariilie
alio a8 glas cul sad 5,15 (V8) oeb Jlawiilie

A

S dauia 9 G
laghs, az ST a5 aas o Glis Lo adlllas 5l Jol> gl
Ol el (Folo alo 51 (Vs plo o5 JE (gugpy 2o
Ol pae b g U 0F ol jo Zudgazme pas (pog
L J5 (¥) )l ozl (g ey slosbs; 2 ssianl slagmly
e 4 aalllas ol o a5 (qugny e slaghy, (Jb ]
B eslanul syse sBge Jloptilie sladsbe a5 Jla
oolizl aSG jolay wsgy Sl 5L (Ras5 o gale plonil o a8 3
S e el P240 sedly Jim) cuzr Dland endS b,
allas cnl o oad ces Lulpd ples o Jlawdilie sl Jobo
el ()8 SdsslS lavd 5 oslitul (izren 5
@ 1) P2A0 sedly sge ssbar Celsl o8 cS8s55
S Ll ples )3 4S5 poky wles Jaitie Jlowiilie (slaJobs
LossSde dendly (piSandly pliee aslllae cpl jo ot
4 S b atd] a0l o8 o8 A @ g cnl Sl 6 S0 e
w7 elal sl eais pow i slallas Vletal oS 5550 ()]
T 3 gy 0l (590 2) 00b (5l 3 6yl Sleesiond
by o 02 a5 310 0929 Jlaitzl (nl g Wil oo s y98S
Suoley pas JBl a Jil s )aeSS clie s
b adlas o aSawils ol aoye cde cul (Son (0945
b oSd ol b Byby oy b ab a8 gee il
Sped JU! Joo caalllas cnl )3 oslitl 090 (slog)ond
LS sy Ol @l o9 plaxil 55 293T (sla sl &, p240
LS Slegised oo 9 Dlawd dS gy oo a5 ol
ok @ |y P2A0 spendly iy oS8558 5 (aliSSge]
el amlis (7 JS8) anles Jite dgle cpl s A
Silsse ooy, 418,5 alol alie lalllas b Lo aalllas 5| Jol>



WAY Caigndy] F o)lod XF 0)53

dpog)l (Suby abre

oS sms e s b allas I Jols gl aods o 4
78 by, b Sl 4 o (Shge Jlortilie sla sl
g slyeSy (blie jo Ll arilioe pglie (wgns
Jlorilye slasl @ o JELT g (omslin 4035 aiilyiice
Sl S8 b5l hle 5l 4Tl il S5ge
sl 3l b sl oy

Pyl g Sl
waas 558 dl, gl pisu B e adlas
685 ool e s oSl e Colas L 5 (sslsipns
S8 g S e Abewginay dlie (pl Ba g ol
ol e lais slcasles 5 bogles 51, Gass
W18 oo 3l elonges ()b Buims ol ploxl Ho 1) L aST oSl

References:

1. El-Badri NS, Maheshwari A, Sanberg PR.
Mesenchymal stem cells in autoimmune disease.
Stem Cells Dev 2004;13(5):463-72.

2. Pittenger M, Vanguri P, Simonetti D, Young R.
Adult mesenchymal stem cells: potential for
muscle and tendon regeneration and use in gene
therapy. J Musculoskelet Neuronal Interact
2002;2(4):309-20.

3. Santos J, Pandita D, Rodrigues J, P Pego A, L
Granja P, Tomas H. Non-viral gene delivery to
mesenchymal stem cells: methods, strategies and
application in bone tissue engineering and
regeneration. Curr Gene Ther 2011;11(1):46-57.

4. Reiser J, Zhang XY, Hemenway CS, Mondal D,
Pradhan L, La

Russa VF. Potential of

mesenchymal stem cells in gene therapy
approaches for inherited and acquired diseases.
Expert Opin Biol Ther 2005;5(12):1571-84.

5. Kumar S, Chanda D, Ponnazhagan S. Therapeutic
potential of genetically modified mesenchymal
stem cells. Gene Ther 2008;15(10):711-5.

6. Nakamura K, Ito Y, Kawano Y, Kurozumi K,
Kobune M, Tsuda H, et al. Antitumor effect of

genetically engineered mesenchymal stem cells in

AY

A Ay &5 Cedy] 0gd g0 Jol> 0als [S3 Slalllas g Lo aslllas
Ol el ool laz ()5l w5 a4z 5| Jlapdilie Jobo oS
g 9lyS ke qmgng S 93Ty g of STl
2 shye Jloadilie Gladole o aSTailys (e oSG jskay
2 (osese 20) o0l S5 Jlowiilie slasho Koo b avlie
Jole Wlgioe &5 (6,500 3 90 axdl o)l S5 65 omlby e
e MOIL il aladllas ol o STl s ol LS
P o Jlerdilie Joho @ S5 uany S S
ol Gl b oSl ool i lallas abl aSTand 5
ey 131 555 sl csla s (25T 5 ol oo
Gl 45 055 arg b op gsdse cal 4 andl (YY) wiS o0

g pled b Joku 5o s & MOI ol

a rat glioma model. Gene Ther 2004;11(14):1155-
64.

7.  Mangi AA, Noiseux N, Kong D, He H, Rezvani
M, Ingwall JS, et al. Mesenchymal stem cells
modified with Akt prevent remodeling and restore
performance of infarcted hearts. Nat Med
2003;9(9):1195-201.

8.  Griffin M, Greiser U, Barry F, O'Brien T, Ritter T.
Genetically modified mesenchymal stem cells and
their clinical potential in acute cardiovascular
disease. Discov Med;9(46):219.

9. Hamada H, Kobune M, Nakamura K, Kawano Y,
Kato K, Honmou O, et al. Mesenchymal stem
cells (MSC) as therapeutic cytoreagents for gene
therapy. Cancer Sci 2005;96(3):149-56.

10. LiW, Ma N, Ong LL, Nesselmann C, Klopsch C,
Ladilov Y, et al. Bcl 2 Engineered MSCs
Inhibited Apoptosis and Improved Heart Function.
Stem Cells 2007;25(8):2118-27.

11. Rapley R. Medical biomethods handbook.
Totowa, NJ.: Humana Pr Inc; 2005.

12. Patil SD, Rhodes DG, Burgess DJ. DNA-based
therapeutics and DNA delivery systems: a

comprehensive review. AAPS J 2005;7(1):61-77.



ub&mﬁ: 9 (§24xe é..&zw.\.o.?m

o syt sdge Jlewdilie ool gl Sl & 07 J

13.

14.

15.

16.

17.

18.

19.

Kane NM, McRae S, Denning C, Baker AH. Viral
and non-viral gene delivery and its role in
pluripotent stem cell engineering. Drug Discov
Today Technol 2009;5(4):107-15.

Li SD, Huang L. Non-viral is superior to viral
gene delivery. J Control Release 2007;123(3):181.
Prockop DJ, Phinney DG, Bunnell BA.
Mesenchymal stem cells: Methods & protocols.
Totawa, NJ: Humana Press; 2008.

Bartholomew A, Patil S, Mackay A, Nelson M,
Buyaner D, Hardy W, et al. Baboon mesenchymal
stem cells can be genetically modified to secrete
human erythropoietin in vivo. Human Gene Ther
2001;12(12):1527-41.

Ahmadbeigi N, Soleimani M, Gheisari Y, Vasei
M, Amanpour S, Bagherizadeh I, et al. Dormant
Phase and Multinuclear Cells: Two Key
Phenomena in Early Culture of Murine Bone
Marrow Mesenchymal Stem Cells. Stem Cells
Devt 2010;20(8):1337-47.

Transfection of DNA into Eukaryotic Cells. Curr
Protoc Mol Biol 1996;9:1-9.1.

Rapid production of retroviruses for efficient gene
delivery to mammalian cells using 293T cell-

based systems. Curr Protoc Immunol 1999;10:14-
0.7.

A

20.

21.

22.

23.

24.

Madeira C, Mendes RD, Ribeiro SC, Boura JS,
Airess-Barros MR, da Silva CL, et al. Nonviral
gene delivery to mesenchymal stem cells using
cationic liposomes for gene and cell therapy. J
Biomed Biotechnol 2010;2010:735349.

Gheisari Y, Soleimani M, Azadmanesh K, Zeinali
S.  Multipotent mesenchymal stromal cells:
optimization and comparison of five cationic
polymer-based gene delivery methods.
Cytotherapy 2008;10(8):815-23.

Ricks DM, Kutner R, Zhang XY, Welsh DA,
Reiser J. Optimized lentiviral transduction of
mouse bone marrow-derived mesenchymal stem
cells. Stem Cells Dev 2008;17(3):441.

Van Damme A, Thorrez L, Ma L, Vandenburgh
H, Eyckmans J, Dell'Accio F, et al. Efficient
lentiviral transduction and improved engraftment
of human bone marrow mesenchymal cells. Stem
Cells 2006;24(4):896-907.

Lee CI, Kohn DB, Ekert JE, Tarantal AF.
Morphological analysis and lentiviral transduction
marrow-derived

of fetal monkey bone

mesenchymal stem cells. Mol Ther

2004;9(1):112-23.



The Journal of Urmia University of Medical Sciences, Vol. 24(2), April 2013 @

COMPARATIVE EVALUATION OF VIRAL AND NONVIRAL
METHODS OF GENE DELIVERY TO MOUSE MESENCHYMAL
STEM CELLS

Mohammad Shafi Mojadadi*, Massoumeh Ebtekar®", Majid Golkar®", Hossein Khanahmad*, Kayhan
Azadmanesh®

Received: 23 Dec, 2012; Accepted: 15 Feb, 2013
Abstract

Background and Aims: Mesenchymal stem cells (MSCs) are attractive targets for cell and gene
therapy, because they can differentiate into many cell lineages. Hence, finding an efficient and suitable
method for transferring of genetic materials to these cells is very essential. In this study, we evaluated
the efficiency of two methods of gene transferring, viral and nonviral, in transfection of mouse MSCs,
comparatively.

Materials and methods: MSCs were isolated from mouse bone marrow and their ability to
differentiate into osteocyte and adipocyte lineages and their surface markers were evaluated. Then, the
efficiency of two methods of nonviral gene transferring; calcium phosphate, and cationic lipid reagents
(Lipofectamine™ LTX with Plus™ Reagent and Turbofect™); and also lentivirus vector were
examined in transfection of mouse MSCs with green fluorescent protein (GFP) plasmid.

Results: The isolated MSCs successfully differentiated to osteocytes and adipocytes. They were
positive for CD24, CD29 and CD44; and negative for CD11b and CD45 cell surface markers.
Nonviral gene transferring methods were completely inefficient in transfection of mouse MSCs;
whereas calcium phosphate precipitate was completely toxic to mouse MSCs and cationic lipids only
transfected less than three percent of the cells. In contrast, high transfection rate and GFP expression
(above 70%) was seen with lentivirus vector.

Conclusions: it seems that mouse MSCs are refractory to nonviral gene transferring methods. In
contrast, lentivirus-mediated gene transfer methods may be an efficient tool for transfection of mouse
MSCs without any interference on their phenotype and differentiation potential.
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