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Mean of Fluorescence Intensity

YAV lina s sl 0 53 S 51 Lyl ] e

slaasls L0V Jlssed) s S5 oShhsd o et
g by LI OLES iy ao opl e oblas wule iSaldl
bl alsl (gl pas i) @xddS a5 alie SVl o
(it Lol 5 3 S sl PC3 gladshe 55,
iS5 Sl s WIW) VY 5 WA e/E sl L sls C/P
Pds s S b 3 PC3 glad f
D515 hS YO 055 L PEL aly b oSy sl s OLES ol
Gl @ Cod G Sl Sl 038 CP=2/E s 3
S Ciawyshh Ol oS das e OLES (P</00) e 5
CP cpor 3 PEL (5 pedds &l & S ol 003 Jlasl 51 54
Lo b CP s o ol ails gl Yoo il
ot Sl A edalie 055 U 5 Sl b o
Lesd sl Ol Sl sl S Ul ek 2l &
Fobe Ll B LAl CP Sl e LCP el s
3 Srpl 4 S p e 5L L eds CSll S glad e s
o 8 eSandl s o] (YB b3 5e) A edalice Sy 5]
020l S Ve G35 LPEL L b oSd Jsd s sl e
3 essd Bl Al 4 Cad gt ISl e CP=2/E s
€ 0 JUl U ea 5 (P<e/en)) dasie OLE el
Ol ey 45 CP=+/A ,3 PEI 25 kDa (sla Sk L & <o o sk

HEK-293 cell line
18000

16000 T
14000
12000
10000 M Treatl
8000 Treat2
000 it % PEI25
4000
.

2000

o W W owm | ,

C/P0.065 C/P0.125 C/P0.5 PEI25-CP0.8

HEK-293 Jglw )3 oyl 5 alyl8 s 1\ Ll3 503

Tehran Univ Med J (TUMJ) 2020 August; 78(5):284-92

http://tumj.tums.ac.ir

R s ol 5o Gs Sl sl axils | 740 Gleb!
(P<+/+0) 70 odi abpdy (Probability) Oluebl pde O
A2l

e bl il s (S5 sla Sis oS s fel 5L
g,.:u.; B ol axdlae ;)\‘5 .L.JJL alls b PEI JL&S\ JV.:U 9 j.»b
N T v N U P Cp PR COVONU P VA VS
adlas 3l osgdl Jolo o 5 Yoo nm 1 S5 gla kel gt
A Gl
laasly

o) I ke S5 b Sl e sl s
Cowddy Vefd/N nm ol S 61l J\i:)f J«pb .L:m«uM:_ L» fﬁ)};‘cj E)
S 4 il 5 e b el o S s o5l e
Abe Yoo nm S OF b Wl das e 0L 15 (il531 4A nm
2 Sledie SlilesT (ool Sl Al b (gl ) sliton;
s a0 oS Jsho o3y Olgeas S HEK-293 (clad b (g,
on Sl sl Ulgsa 5 Lpd e | G5 gla el
b 8 g L e enlinal 2SSl LIS

Loeds oSl gbdsde ;5 GFP &) s s ol
Golwange L;uuaiuj Aoz 5l S s eyl N
b sed osbms cole Dler b 03 o sl pie
S Gl e s L Sh b el o 5 Jske
2y el EA Wsls e OLES | ol Jize 05 Ol HEK (glad sl
Cosleme 53 o sy 53 &S Gloj id e A o aia e S
Lol (350 Slslae) a0 OLES (6 g W& cdals 513 oS s 5
02 el il rals oKk ba piSadsl s el
pde 3 S Jusd PC3 sadsbe 555 ST slatass,
MM)}WUMJJLNL@LAJLH thcrﬂ)‘,&

285 3 e p e D s S s 4 35 0
e 5 8 S5 S L el b ey Sl gl S
T e VLI PPt P RO POl VW wxd b eSS
Ssleme 53 e 3 0t S 5 UG b pssand 5 ey Il p s


https://tumj.tums.ac.ir/article-1-10597-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-27 ]

(A)

120

100

& E:]

Cell Viability (%)
8

20

4000

3500

Mean of Fluorescence Intensity =

500

OllSas 5 salifcini (s ydan Guun dano YAA

Cell viability (MTT)

3000

2500

2000 -

1500 +

1000 -

Lipopolymer Liposome PEI25  Control cell

mC/P0.4

(polymer)
@AC/P0.8 oc/P1.2

Transfection

mC/P0.4 OC/PO.8 OC/PL2

S 5 Sl a8l Al g5 5Ll 4 ol e S s
sy OLiS 1y e ‘)‘}'LWLEJVA Sk 4l 4 Cnd CP=2/8 s

(B s 503)

(B) Transfection
3500
>
=
2 3000 +
: M
£ 00 | [
o *
g 2000 1? -
: 7
: /
g 1500 T / -
2 17
200 / |
5 1]
S s —
s
v
0
Lipopolymer Liposome PH2S
(polymer)

EC/PO.4 Qac/ro.s oc/pP12

PC3 g 03 33 (B) piindl 5 o)l 5 (A) (s Covams gy 2 Y 13 305

(B) Cell viability (MTT)

120

100 T

o
&

60

40

Cell Viability (%)

20

mC/P0.4 BC/P0O.8 OC/P12

PC3 J s 035 35 (B) Jghw Cooms 5 (A) il 5 o1)lS oy p ¥ l5 0

pbe S s GiSauly gagtlsl gl sl
S LCP s 53 L(OFA s 5a0) ol azils (50l VY 1l

S dl}-u.i\b LS edalie f")-’ﬁjfb 9 U’“;\'k?’-dlij?ﬁj O Lo

FAF 6 TAF 0 oylas VA 0,53 1199 Slsye 157 i pple olils o Ky 0uCiils aleo



https://tumj.tums.ac.ir/article-1-10597-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-27 ]

YAS lina s sl 0 53 S 51 Lyl ] e

Ol hS Yo g\ r PEI 4l (gla oS s gd b o Cail 5 (glad g 51 (5 0 goas 1Y IS

oSS e elimad Je @ g Gl alie S
sla Job- 4 PEG Jlasl wsls olis A, Kes 5 Haghiralsadat
s 5 0 B8 Ol (S5 ML s o 4 )5
oo PEG 3 Scnl @ g Lo Ll opd o slety s
Job 5Ll s PEG Sl asdllas ol 53 33,5 oo sl slaiel
Lol ol ELes 5 Lee (glaalas 5o " S eslizad
Gkl 5 Lsde paShdl S 2L Rl o e S 5
PEL jl Olil anllas 5 ool zio oode Vb 6,53 53 Lol
O35 L Poly-L-lysine 5 o5dls S Yo 5 0 /A JsSU50 055 L ola
i 3550 S sl S5 50 0 AS VouTe S
U PEI 3l eslizal 55 sl anllas b asdlas opl Coglice .23 S 513
50555 b 0T S5 o adl e kS YO J ST 03
L PEL 3l axllae ) 55 ooman 5 AL o oogline Cua J ol ¢

Tehran Univ Med J (TUMJ) 2020 August; 78(5):284-92

http://tumj.tums.ac.ir

bl 0l LELKes 5 EWE  (gldlas

JSs ol gt ¢35 5 PEL 5l i Jsas ela S L5
s w Ol el @il banlie o 5 dadl g S sS
s b 5l ksl ol g e cwslis (Aggregation)
Sl dlail Je xS slagssses @ Sk s
S5 5 bt (Ko S S s 250 ) (PEG) IS
s el sty Sla oS sd 51 S cnl il 5L
s eslial Sses sl 055 Liplt ol SiIRNA JUs
ol Ay Jis| ety oSl 5 allan el 3 oS s
sl s b andl i eslizal Sl Jl 6 SLLE 03

S SAS S Al s e e e bia J«ib’ji Silwang 2


https://tumj.tums.ac.ir/article-1-10597-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-27 ]

Jafari Najaf Abadi M.H., et al. Ya.

Vo PEL ol b oglansh lisd 3 dbe B 2l
oSl a4l 1y il il Sl 058l Osdls 4hS
S (Sl VY ial3l sl LS (rj).}?:j Ok ,2l=) Ve PEI
w)f s sl Bty Olgseas aS) PEIYO JSLL;..: 4
L.» 45 b J}S A:JUQA 4.:",4}3 ‘Cb g)"\ A aMLi.a ﬁ 4()}&&
Sl e Al b e Rl Al s Gl e S
VoOPEL ol b gl pshidisd o U5 alie Sl
o pwdige o diSUS & RNA Jlml ,keas DSPE 5 (PEG)
o= sl Bioengineered noncoding RNA agents (BERAs)
O’l‘ .J}A.'v u)ul LS':'J"’ E) L;’JQ)J,.; JJ.A B GFP Cua Qj 03}5
e oMl bRl e Sl L) oS sl 0L addllas
5 Coss sladshe o Kausls 0 L Jusl LsiRNA
I5se 055 LPEL 6,55 anlas 3 Visd e OF Ol 2als
b oS5 53 sl S am @ e (031 No0) ol
MCF-7 s HeLa, HEK293 Jslu (slaes, s 0 Jlasl sl » s’J)Jz.J
e YooY nm b Jol 50 ol L2580 515 eslanal 550
”.J;;SJ.E.:;AMJ}L«@\) O5 Lidgs ;B a8 Ul 03
ey o i (Vof nm) sl o511 ghyls alol> ol)3 530
LCP=+/t s 53 b WS Lsd il Cbe 0 Jlasl gl
Yo PEI 4 s |y 28eudly il goedy w55 e
ol Cle 4 Wl e a8 Wsls 0L (5 lilial Ol sean) O gl 4lS
AL s diS (63,8 e ol 3l g0 4 e Cvans
Olse oo i # b fol Wi ol oKl
Sl e S el S e 5 S
"Jjw 6;\;& J.al;- ;ﬁ_ L A.ﬂu.a E) PC3 u\;«jﬁ dUa,«-u 63
410040 U8 LYY Jle s dgin Koy (’Jl’ N H Y
oske Ll il Clidos S Cule= L S 3L

Al 0 ] gt S
References

1. Shim G, Kim D, Le Q-V, Park GT, Kwon T, Oh Y-K. Nonviral
delivery systems for cancer gene therapy: Strategies and
challenges. Curr Gene Ther. 2018;18(1):3-20.

VO & s (S a8 Cpas 45 O3S Ve Lo gte J S50 035
S il am g Ll Ll el sl eslinal 5 sl Olssks
Ll g0 Aol SAS 5 ($3laaST e 53 ey s e IS
0L 238 Slalllas oS glailen Vs 55 O oS s Lau s
S sa Yt b oSL b sd U JWEst s 05 @YU Ol sl
233380 3l S Cevart 5 S5an el Couls eyl
Vs @l el I 5 GRS A ks S o
s a (OIS YOV IS5 055 LPEL 42 5 Jl-gall
5 S OBl Wl S e Jlb |y s el s
S oy o iy M das o 0L 1 VU oty J sk o
Pl (S Gus e g5 5 PEL S0 055 4 Jske
Sl 53 5 MTT gy L oedd jmw s ol 60 Coas
WIW) VY 5 v /A /8 pslie L (C/P) deandly & ol 51 ki
c3 8 3 sl sy PC3 o lies,y Ol Jske a3y 53
aS s e olid VL Sk Coan Lap 555 ((BY 5 AY s 5ai)
o ol ol S Wb BTGV L L kS e Yl
Tagde dbe bl 5 Jabe Gl L 68 slaiSan
b Jske W 3 35 PEL 3,8 ol 2 b oS sl ol
PEL25 4l b sla oSy (s s oo OLSS iy o555 40 s
3505) B ol iy 28lS ol 22 PELO L alis 3
il W JS 50 035 LPEL 13 Cene Jses ol ol 45 BY
O35 3 s ol @YU UL L PEL (VU Jehe Coen s 05
Ol e lad b 5s iSausl 5 sl proiims B3| ol IS5
5 bl Jho Coan G0l alie Lyl 5 55 PC3 Sl
s Lo oSl 5 glad sk 53 GFP K55 s s 5 Ol
PEL w0 53 o Lol o la oSy G sed AS )2 2o 5H
“b eaisd 5 PEL 4 ol |y 080l 5 o il C/P=2/E o
G 58S L Vsl el ol () JK8) Whesls 0L

Rl s el Ghoscwes al ol el 4 o b S L

2. O'Leary C, Forte G, Mitchell N, Youshani AS, Wellby M, Russell
K, et al. Improving brain delivery of adeno-associated viral gene
therapy vectors for the treatment of MPS IIIC. Mol Genet Metab.
2019;126(2):S111.

FAF G FAF 8 o)lois VA 6,50 799 Slispo ol (i psle olCiils o S50 0aCtilsy alona


https://tumj.tums.ac.ir/article-1-10597-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-27 ]

11.

12.

Investigating lipopolymers for gene delivery to prostate cancer cells

Bouquet C, Clermont CV, Galy A, Fitoussi S, Blouin L, Munk
MR, et al. Immune response and intraocular inflammation in
patients with Leber hereditary optic neuropathy treated with
intravitreal injection of recombinant adeno-associated virus 2
carrying the ND4 gene: a secondary analysis of a phase 1/2
clinical trial. JAMA Ophthalmol. 2019;137(4):399-406.

Kotterman MA, Chalberg TW, Schaffer DV. Viral vectors for
gene therapy: translational and clinical outlook. Annu Rev Biomed
Eng.2015;17:63-89.

Kaiser J. Seeking the cause of induced leukemias in X-SCID trial.
Science. 2003;299(5606):495-.

Marshall E. Gene therapy death prompts review of adenovirus
vector. Science. 1999;286(5448):2244-5.

Rezaee M, Oskuee RK, Nassirli H, Malaekeh-Nikouei B. Progress
in the development of lipopolyplexes as efficient non-viral gene
delivery systems. J Control Release. 2016;236:1-14.
Malaekeh-Nikouei B, Gholami L, Asghari F, Askarian S, Barzegar
S, Rezaee M, et al. Viral vector mimicking and nucleus targeted
nanoparticles based on dexamethasone polyethylenimine
nanoliposomes: preparation and evaluation of transfection
efficiency. Colloids Surf B Biointerfaces. 2018;165:252-61.

Alavi SJ, Gholami L, Askarian S, Darroudi M, Massoudi A,
Rezace M, et al. Hyperbranched-dendrimer architectural
copolymer gene delivery using hyperbranched PEI conjugated to
poly (propyleneimine) dendrimers: synthesis, characterization, and
evaluation of transfection efficiency. J Nanopart Res.
2017;19(2):49.

. Ewe A, Panchal O, Pinnapireddy SR, Bakowsky U, Przybylski S,

Temme A, et al. Liposome-polyethylenimine complexes (DPPC-
PEI lipopolyplexes) for therapeutic siRNA delivery in vivo.
Nanomedicine:  Nanotechnology, Biology and Medicine.
2017;13(1):209-18.

Maitani Y, Ishigaki K, Nakazawa Y, Aragane D, Akimoto T,
Iwamizu M, et al. Polyethylenimine combined with liposomes and
with decreased numbers of primary amine residues strongly
enhanced therapeutic antiviral efficiency against herpes simplex
virus type 2 in a mouse model. J Control Release.
2013;166(2):139-46.

Bollin F, Dechavanne V, Chevalet L. Design of Experiment in
CHO and HEK transient transfection condition optimization.
Protein Expr Purif. 2011;78(1):61-8.

Tehran Univ Med J (TUMJ) 2020 August; 78(5):284-92

http://tumj.tums.ac.ir

20.

21.

22.

. Haghiralsadat F, Amoabediny G, Helder MN, Naderinezhad S,

Sheikhha MH, Forouzanfar T, et al. A comprehensive
mathematical model of drug release kinetics from nano-liposomes,
derived from optimization studies of cationic PEGylated liposomal
doxorubicin formulations for drug-gene delivery. Artif Cells
Nanomed Biotechnol. 2018;46(1):169-77.

. Schellekens H, Hennink WE, Brinks V. The immunogenicity of

polyethylene  glycol:  facts and fiction. Pharm  Res.
2013;30(7):1729-34.

. Lee C-H, Ni Y-H, Chen C-C, Chou C-K, Chang F-H. Synergistic

effect of polyethylenimine and cationic liposomes in nucleic acid
delivery to human cancer cells. Biochimica et Biophysica Acta
(BBA)-Biomembranes. 2003;1611(1-2):55-62.

. Song X, Yan G, Quan S, Jin E, Quan J, Jin G. MRI-visible

liposome-polyethylenimine  complexes for DNA delivery:
preparation and evaluation. Bioscience, Biosci Biotechnol
Biochem. 2019;83(4):622-32.

. Zhang Q-Y, Ho PY, Tu M-J, Jilek JL, Chen Q-X, Zeng S, et al.

Lipidation of polyethylenimine-based polyplex increases serum
stability of bioengineered RNAi agents and offers more consistent
tumoral gene knockdown in vivo. Int J Pharm. 2018;547(1-
2):537-44.

. Gunther M, Lipka J, Malek A, Gutsch D, Kreyling W, Aigner A.

Polyethylenimines for RNAi-mediated gene targeting in vivo and
siRNA delivery to the lung. FEur J Pharm Biopharm.
2011;77(3):438-49.

. Fischer D, Bieber T, Li Y, Elsasser H-P, Kissel T. A novel non-

viral vector for DNA delivery based on low molecular weight,
branched polyethylenimine: effect of molecular weight on
transfection  efficiency and  cytotoxicity. Pharm  Res.
1999;16(8):1273-9.

Sercombe L, Veerati T, Moheimani F, Wu SY, Sood AK, Hua S.
Advances and challenges of liposome assisted drug delivery. Front
Pharmacol. 2015;6:286.

Moghimi SM, Symonds P, Murray JC, Hunter AC, Debska G,
Szewczyk A. A two-stage poly (ethylenimine)-mediated
cytotoxicity: implications for gene transfer/therapy. Mol Ther.
2005;11(6):990-5.

Xun M-M, Huang Z, Xiao Y-P, Liu Y-H, Zhang J, Zhang J-H, et
al. Synthesis and Properties of Low-Molecular-Weight PEI-Based
Lipopolymers for Delivery of DNA. Polymers. 2018;10(10):1060.


https://tumj.tums.ac.ir/article-1-10597-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-27 ]

I [ ] ] VI l Tehran University Medical Journal, August 2020, Vol. 78, No. 5: 284-292

Original Article

Investigating lipopolymers based on polyethylenimine and nanoliposome
for gene delivery to prostate cancer (PC3) cell line

Mohammad Hasan Jafari Najaf
Abadi Ph.D.!?

Saeedeh Askarian Ph.D.%3"
Reza Kazemi Oskuee Ph.D.!
Bizhan Malaekeh-Nikouei
Ph.D.*

Mehdi Rezaee Ph.D.!

Seyed Hamid Aghaee-Bakhtiari
Ph.D.15*

1- Department of Medical
Biotechnology and Nanotechnology,
Faculty of Medicine, Mashhad
University of Medical Sciences,
Mashhad, Iran.

2- Department of Medical
Biotechnology, School of
Paramedical Sciences, Torbat
Heydariyeh University of Medical
Sciences, Torbat Heydariyeh, Iran.
3- Neuroscience Research Center,
Torbat Heydariyeh University of
Medical Sciences, Torbat
Heydariyeh, Iran.

4- Nanotechnology Research
Center, Institute of Pharmaceutical
Technology, Mashhad University of
Medical Sciences, Mashhad, Iran.
5- Bioinformatics Research Group,
Mashhad University of Medical
Sciences, Mashhad, Iran.

"Mohammad Hasan Jafari Najaf Abadi
and Saeedeh Askarian Contributed as
Joint First Author

*Corresponding author: Department of
Medical Biotechnology, Third Floor,
Faculty of Medicine, Mashhad
University of Medical Sciences, Azadi
Sq., Mashhad, Iran.

Tel: +98-51-38002300

E-mail: Aghaeibh@mums.ac.ir

Abstract

Received: 21 Feb. 2020 Revised: 25 Feb. 2020  Accepted: 13 Aug. 2020  Available online: 20 Aug. 2020

Background: Non-viral Nano carriers such as liposomes and cationic polymers based
on engineered properties are regarded in gene delivery field. Although these carriers do
not have weaknesses of viral vectors, but they are less efficient than viruses and they
still need to be improved as favorable gene delivery carriers. Amongst non-viral
carriers, cationic liposomes have been proposed for clinical applications, but limitations
such as low nucleic acid transfer and endosome escape and conduction of plasmid to
the nucleus have challenged their use in clinical trials. Therefore, the combination of
liposomes and cationic polymers for nucleic acid transfer has been considered because
this approach makes it possible to use the desirable properties of liposomes and
polymers so that it is even suggested for the gene treatment of some diseases such as
Parkinson's. In this study, a combination of liposomes and cationic polymers were used
for the preparation of lipopolyplexes. This approach allows simultaneous utilizing of
the desirable properties of liposomes and polymers.

Methods: This interventional-experimental study was conducted in the medical faculty
of Mashhad University of Medical Sciences from April 2017 to February 2018. In this
study, PEI-based lipopolyplex with a molecular weight of 25 and 10 kDa and a
liposome-to-polymer ratio of 1:1 were combined with plasmid containing the GFP
(Green Fluorescent Protein) marker. The physicochemical properties of the synthesized
carriers such as size, cytotoxicity and gene transferability in human prostate cancer
(PC3) cells were evaluated.

Results: The prepared lipopolyplex were 104 nm in size and all the lipopolyplexes were
able to enhance transfection in the C/P=0.4 compared with its basic carriers (PEI and
liposomes) alone, while showing less cytotoxicity than not manipulated liposomes. The
results of this study suggest synthesized nanoparticles as nanocomposites for gene
delivery purposes to different cells and in in-body studies.

Conclusion: The results of this study show that the lipopolyplex constructed from
combination of PEI and liposomes can efficiently transfer the gene to the cell, while
showing low cytotoxicity and appropriate size at the nano-scale. Therefore, this
lipopolymer can be suggested for gene delivery purposes to different cells and in vivo
targets.

Keywords: gene transfer techniques, liposomes, PC-3 cells, transfection.
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