A 31 (2004), Al 3438 A 43
J. Kor. Pharm. Sci., Vol. 34, No. 4, 263-267 (2004)

MEXE Z2|ogzio2lE 0|88 7

UK - w4 - AR

EXHZE

o/ Zrystin, *FEEY ATE, N
(200413 5€ 209 < - 20049 69 9

A [m] = o =
X S A U REM A
- Fghz . 24t
s1m ofsiryst
g =

Cellular Uptake and Transfection Efficiency of Plasmid DNA
Using Low Molecular Weight Polyethylenimine
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ABSTRACT-Branched and linear polyethylenimines (PEIs) have been studied as efficient and versatile agents for gene
delivery in vitro and in vivo. PEIs exist in a linear or branched topology and are available in a wide range of molecular
weight (Mw). Most studies have been done using PEIs with Mw higher than 10Kd. This study was aimed to test the trans-
fection efficiency and the cell viability following gene delivery using PEI of Mw 2Kd, a relatively lower Mw cationic poly-
mer. We used murine interleukin-2(mIL-2) plasmid DNA complexed with branched PEI 2Kd or 25Kd, and transfected them
into a myoblast muscle cell line, C2C12. The cellular uptake of mIL-2 plasmid DNA was determined using quantitative
polymerase chain reaction. RNA transcript levels were studied in the myoblast cells. Our results show that PEI 2Kd was
as effective as PEI 25Kd in celluar gene delivery and transfection efficiency in C2C12 cells. Moreover, MTT assay indicated
that PEI 2Kd/DNA complexes did not significantly reduce the cell viability regardless of N/P ratios. These results suggest
that PEI of Mw 2Kd might play a role as effective and low toxic nonviral vector systems for muscular cell lines.

Key words—Polyethylenimine, Low molecular weight polymer, Cellular uptake, Transfection, Cell viability
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Figure 1-Gel retardation of PEI/DNA complexes. Lane 1, 1kb plus
ladder; lane 2, Naked DNA; lane 3, PEI Mw. 2Kd complexes; lane
4, PEI Mw. 25Kd complexes.
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Figure 2—Cellular DNA uptake of mIL-2 delivered in PEI com-
plexes. The N/P ratio of PEI/DNA complexes was 10/1. The DNA
uptake was measured in C2C12 cells.
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Figure 3-RNA expression levels of mIL-2 delivered in PEI com-
plexes. The N/P ratio of PEI/DNA complexes was 10/1. Expression
levels were measured in C2C12 cells.
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Figure 4-Viability of C2C12 cells following exposure to PEY/mIL-
2 plasmid DNA complexes.

ol th3t mIL-2 ke &8 vlES Hla Hrisk 4%
naked DNAY H]38] PEI 2213 2Kd &A= °F 3.654)
=7 Jebda, PEI ¥4 25Kd B3Ale < 3 &2
2 G848 VYERNUTHFigure 3).

E Ase PEI 4% 2Kd B34 JelE Fo4€ H4
A7} naked DNA Eu} @ F&o] foA A S71=H
PEI £2}13 25Kde}t 8514 FHIE Fo€ faxtehks fAL
3w g8 Hlve A& Ueplx vk PESE 853
A7 Fod mil-2 2] Bd §& F7he AE WY
& barriers2HE 3 U2 = 7170 718 A
2 BEXE, T3 PEL 2Kd9k 25Kd Aleldl 2 §8o]
frolAd e ZolE Holx] g AL AFY fA £
oA 2Kdsh 25Kd Abojel] ztelE bR 371 Wi
¢l Aoz ALEHTH(Figure 2).

E AFME NP ratioS 10/12 ZQsGA 2HE &8
< 2A3g e}t B 2Kde] PERIA N/P ratioo] w}h
13 g8o] ¥ F7IE e SR ZeE AlEdr
017t HAZ7IMEFQ TF-1 MEFNXE N/P ratiod] w
24 PEI 2Kd9] 28 §80] 9L v Zo] JF=Int
(data not shown). A1 W& PEI®] & && Aole
Godbey 59| 95l] B vl git. £ A7dFN e 2
& AEFQ C2C12 AEFE A3 A £A%9 PEDL
25Kd¢] PEI®} A @38 8-S Kol Zlo] #&Ed
W Godbey 52 endothelial cell fe}2] AEF< EAhy
9262 AME-3te] PEIS] £x10] 600914 7000002 F7H
o wpEba B &gl F/HEYE AL Bag bt 9ok
ol#igt AP A= PEIY BAFF zlold] e WEH 8&0)
AZF wet Y B3e  dve AL Yushe Ao
2 3iMdy.




NZE 4

C2C12 A ZEFE tiAte® PEI 2Kd/mIL-2 S&an|=
R EAE A o EPAe] A =27 2
B39 N/P ratios WH3A|7|HA PEI 2Kd7F C2C12 Al
o] BXof nAE kS GBItk PEI B4R 2KdH-
Az B3l Al A|7bo] 8AZF, 244)70Q1 A% &
oA JE AT AL 2248 YA ot T3 B
SIS mAE3 AE diZZe] v)dk] N/P ratio’t 10:1,
40:1, 80:12 F7ISH Z-¢oll= Al Ao s VR
A ¥}, A= HEAFS PEVF W2 548 UE
ke A7 B39 AdXshz 202 AlsHr

2 =

221 2KdQl PER= S8A|250lM 2217 25Kd?] PEI
of fAle Az 9 ¢ 3 288 Jehid. =g
N/P ratio®] S7tol= AlE A4S AsletA] sttt o2
3 ARAF PEIS) w2 54 W 7]$£9] 25Kd PEIS fAk
3 9§88 PEI 4% 2Kd7} C2C12 28AIEF &
o ¥ go) iR wutelE Y A WHE AR Tt

-— 0
o] deE AR

TNCIEE

o

2 ATE EHEAT A7 2AFANE @AM E RO1-
2002-000-00024-0) B FHEAATLoA Algst f-34 A
BA obAA ] A(KFDA-04122-5-X2k-062)2] =g
2 FYPHYPoH ol ZA=HuHT)

o
o

1)R.S. Kevin, Gene therapy : theoretical and bioethical concepts,
Gene Ther., 34, 247-268 (2003).

2)E. Marshall, Gene therapy's growing pains, Science, 269,
1050-1055 (1995).

3)T. Niidome and L. Huang, Gene therapy progress and
prospects : nonviral vectors, Gene Ther, 9, 1647-1652
(2002).

4)D.A. Treco and R.F. Selden, Non-viral gene therapy, Mol.
Med. Today, 1, 314-321 (1995).

5) B. Pitard, H. Pollard, O. Agbulut, O. Lambert, J.T. Vilquin,
Y. Cherel, J. Abadie, J.L. Samuel, J.L.. Rigaud, S. Menoret,
I. Anegon and D.A. Escande, Nonionic amphiphile agent

S B R W REY A 267

promotes gene delivery in vivo to skeletal and cardiac
muscles, Hum. Gene Ther., 13, 1767-1775 (2002).

6) H. Pollard, J.S. Remy, G. Loussouarn, S. Demolombe, J.P.
Behr and D. Escande, Polyethylenimine but not cationic
lipids promotes transgene delivery to the nucleus in
mammalian cells, Biol. Chem. J., 273, 7507-7511 (1998).

7)C. Plank, K. Mechtler, FCJ. Szoka and E. Wagner,
Activation of the complement system by synthetic DNA
complexes: a potential barrier for intravenous gene delivery,
Hum. Gene Ther., 7, 1437-1446 (1996).

8)P. Erbacher, J.S. Remy and J.P. Behr, Gene transfer with
synthetic  virus-like particles via the integrin-mediated
endocytosis pathway, Gene Ther., 6, 138-145 (1999).

9) D. Lechardeur, K.J. Sohn, M. Haardt, PB. Joshi, M. Monck,
R.W. Graham, B. Beatty, J. Squire, H. O'Brodovich and
G.L. Lukacs, Metabolic instability of plasmid DNA in the
cytosol : A potential barrier to gene transfer, Gene Ther., 6,
482-497 (1999).

10) CH. Ahn, S.Y. Chae, Y.H. Bae and S.W. Kim, Biodegradable
poly(ethylenimine) for plasmid DNA delivery, J. Controlled
Rel., 80, 273-282 (2002).

1) YK. Oh, I.P. Kim, H. Yoon, M. Kim, I.S. Yang and CXK.
Kim, Prolonged organ retention and safety of plasmid DNA
administered in polyethylenimine complexes, Gene Ther:, 8,
1587-1592 (2001).

12) YK. Oh, D. Suh, JM. Kim, H.G. Choi, K. Shin and I.J. Ko,
Polyethylenimine-mediated cellular uptake, nucleus trafficking
and expression of cytokine plasmid DNA, Gene Ther., 9,
1627-1632 (2002).

13) AR. Klemm, D. Young and J.B. Lloyd, Effects of polyethyl-
eneimine on endocytosis and lysosome stability, Biochem.
Pharmacol., 56, 41-46 (1998).

14) W.T. Godbey, K.K. Wu and A.G. Mikos, Poly(ethylenimine)-
mediated gene delivery affects endothelial cell function and
viability, Biomaterials, 22, 471-480 (2001).

15) C.A. Josephine, S. Brian and L. Jack, Muskelin, a novel
intracellular mediator of cell adhesive and cytoskeletal
responses to thrombospondin-1, EMBO J., 17, 4964-4974
(1998).

16)F. Denizot and R. Lang, Rapid colorimetric assay for cell
growth and survival. Modifications to the tetrazolium dye
procedure giving improved sensitivity and reliability, J.
Immunol. Methods, 89, 271-277 (1986).

17) WT. Godbey, KK. Wu and A.G. Mikos, Size matters :
Molecular weight affects the efficiency of poly(ethylenimine)
as a gene delivery vehicle, J. Biomed. Mater. Res., 45, 268-275
(1999).

18) W.T. Godbey, KK. Wu and A.G. Mikos, Poly(ethylenimine)
and its role in gene delivery, J. Control Release, 60, 149-160
{1999).

J. Kor. Pharm. Sci., Vol. 34, No. 4(2004)



