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JI R 7y, % IR R I2 ) B2 (cholesterol ) VE ) 84 K g %) &-F8 & T A8 LAk, ME T I8 R AR 694242 R Zeta
WAz, AR RAR 69T 3442 A 100~140 nm, Zeta®. 4L A 45~60 mV. JERAESH 5 ER K EEG LR
(pGFP-N2). R H KB (pGL3)4E A, TR IE A AR/IDNA S &4, i@ T RAACEIE e (Hep-2), %
RTHELA R fomio k., £ R, MR TRIESEREB AL, 1240148 R B RAH &
BE ARG 5 5 24t S Hep-240 /0., M LI B 7, Fa & T RA5 A0 4 2 02k a0 LA — 2 g tm e
i, AL E BE 69 AN, 8 R ARAT 4m B 64 ML BA 2R )y, 5 ) s X A DOTAPA=Lipofectamine 2000
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The Development of Cholesterol Embedded Cationic
Liposomes for Gene Transfer

Zhao Yinan'?, Zhang Shubiao®*, Cui Shaohui*, Zhang Shufen'*

('State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116012, China;*SEAC-ME Key Laboratory of
Biotechnology and Bio-resources Utilization, Dalian Nationalities University, Dalian 116600, China)

Abstract The cationic liposomes are a kind of anti-tumor drug delivery systems with potential clinical ap-
plications. Co-lipids can stabilize the double membrane of cationic liposomes, reduce the toxicity of cationic lipids,
and improve cell penetration of cationic lipids. In this article, cholesterol was chosen to prepare cationic liposomes.
The size, zeta potential and morphology of cationic liposomes were determined. The sizes of these liposomes were
from 100 to 140 nm. Zeta potentials were in the range of 45~60 mV. Lipoplexes formed by the combination of cat-
ionic liposomes with pGFP-N2 and pGL3 were evaluated in terms of gene-transferring efficiency and cytotoxicity
in Hep-2 cells. Our results convincingly demonstrated that cholesterol embedded cationic liposomes could con-
dense DNA to form lipoplexes. The results showed high transfection efficiency in Hep-2 cells at the ratios of lipid
to cholesterol 1:1, 1:2 and 1:4. Toxicity experiments showed that the cytotoxicity of lipids against cells increased,
while cholesterol could reduce the cytotoxicity of liposomes to some extent.
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PHES TR o144 /2 — Fh AR 23 25 R A, A 2K
1 i 235 e R AR D R R R I, LEAA P T R, T DLER
Hoz #E D Fr BOr AR 1, T B A e, B
PEBF, & — A i R BT 5T e 245 3 245 &
el BHES M5 At BH B T 2R e 4k, PHES 72K
JIE AT DA SR O B oA, 28 R B 2R g — e A
T = 3 Tk B2 JTi It £ B % (dioleoylphosphatidyletha-
nolamine, DOPE). 7 /I I I #8(phosphatidylcholine,
PC)AN fiH [i] i (cholesterol) &5, ixX &8 v 1 Bl 2 i g i
BIF 8 XU B AN B A B 14 Bl 2 B PR AR, R 42
BEERE R G 40 iz & Th e . DOPEAE Jy Bl g il
A EFAAR, e QRO m, (H R BRI BOR . IE[E]
B J2 VF 2 R IR AE W I 1 B gy, 45k S 1
N, BELAL T 22 1A BE R EUHR AR AR s e . JIEL [
RN 2R 5T A R DL SO T Jo A JBE ) AR AR, 18 AR
e, BT AR TR 1% 08 TR B4R A0 G vk 14
I T-DOPE A B IR 1 IR Jod 4, 17 76 44 N % G il 56
rh S5 SUIE A AE B, DARFE RS B2 8 % B ) g ot A4
/DNAE GYIRIH T B m 1 4495 1Y . Huang 550!
WA OUIE [ PR /N 7 1Ak S P % s o A4 FH AR 24
WA, S5 I, B RUIR [ B A A o A HA st
M. FLABSTSEC IR E B H TR T EER
J#i I % (low molecular weight polyethyleneimine, LM-
WPED 21, ¥ H 5 5 (L-R & B & -co-L- 2 R)
B ARBIARL R A RAF 1B R B e e . DRI,
O e e N 2 2 R B A Dy 5 R AR A A e
DRI 32 77 T R A T R B R FH AT 5. AR SO s i %
il B A2 BH B8 1~ 2R HE G 12(&12) 5 1H [ i DAAN[F]
Eb A 45 & 1) 4 i BUAR, B %2 T HE BRI RS Zeta
ALz, DL RIR 5t A4 0k N\ B 4 B (Hep-2) i % L 28026
AIEEPE )00 o T8 AR 7T, a3k — 20 42 4 JIH ] i AR
e G B R IR B RV 70, DR BH Sl o Ak ) o %

LAED AV SRR LB IR KR N 25

1 MRER*®
1.1 {5 F

WA KARG12(4r T 8 N755.49, A A ),
N WS b R A i Hep-2 A il i i 40 fRNCI-H460(
Bl 2% B b g 40 Y 2); Lipofectamine 2000( & FK
Lip02000, 3 [HInvitrogen/ ); 1,2- M A JE-3-=
% % TA ¢ (1,2-dioleoyl-3-trimethy-lammonium-pro-
pane (chloride salt), DOTAP, 3 [ERoche’A #]); Jii i
pGFP-N2( & G a5t A HE R, st == 32 H); ik
PGL3(F GBI, S50 % 52 H0); BERR h 22l
(DPBS, A= A T A2 bifs) B4 A7 BR A 7); Bright-
GloK Y =AM 1A R(E151A, Promega’/s #); Pierce
BCA Protein Assay i) &1 (3 E Themo A &) ); MTT(3£
[ESigmaZy @); Opti-DMEME; 73, RPMI16404%; 7%
F(EEGibco 7)); B4 MBI MU ZEF A4 72
MEHE R A F]).

A2 3 B 28Ot BAER(IXT1, H ZAOlympus/ 7)),
% I fit i b5 A (BioTek Synergy2, 3% [FlGene’ &) bx
A (B FI] AV Sunrise Tecan/A 7)), — AL BT FRFE(E
ThermoA 7); 15 ZetaFALIN & S A KO CHIUH KL 7341
X(SZ-100, H AAHORIBA 2 wl); 15 & 2575 K B #(MLS-
3750, HA =32 #]); HatizKA(EE EMillipore 24 7).
1.2 ZHREEEF

NS 7 41 BgHep-2( A\ it i g2 41 FENCI-H460)
BT EH10%052F 5. 100 pg/mLEFH K. 100 pg/mL
% 7% & MIDMEM(RPMI1640)55 78, 7637 °C 5%
COREFRFEHRE T, B1~2 A 1 IR B TR
1.3 BERRARYHI&

#E ) AR HCBH 25 7 28 IBG12 0.001 g, N1 mL
CHCLVf#, 3% BE/REL AN 1:04 314 2:14 1:1. 122

E1l BBERzEYLEAN

Fig.1 Structure of cholesterol

E2 PAETHEGI2ZIER
Fig.2 Structure of cationic lipid G12
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AN AL B AR [ B n B R P, PR 2 A L 78 4y
Wi EN NIRRT, TR A, BT 12 T84
4~5ho [ FAERLT PIREAERG TN T mLAUZE K, 45 °CAC
FE I 2 IRIR G, (S RE F B 78 o I R LA 20
THERRNRFE N mg/mLIBAR, BT UKFH4 °CLRAF
1.4 BERIA/DNAE & 409%1%&

#0.3 ng pGFP-N2Jii ki (5K pGL3) S AH B L A7) i
JFRAR 3 5 B 125 uL DMEM, K J5 b 5 8 1
IR AR ARG RV, e IR % 28 L 78 TR A,
FE I 15 min, 13 215 FAA/DNAE 5478,

1.5 RIfR. ZetalEfI#&iN

BH 5 T Jig o A4 7 5 R 4% 1 Zeta B A7 0 52 8 2o 44
RO BT 23 A SO B, DN e R T AR R
AEFE, PR AT K RS, | mLB4E/K i AN20 uL g 14
FEdh o Rl 254 A -0k, 16K630 nm. BN
sl EE R 3 UK
1.6 REFA/DNAE & HMAINHREGE 2
1.6.1 #EHEXLEAOREA ¥ Hep-240 2
oY NCI-H4 6040 fitl Fi 8 T 96 FL 41 Mg 355 72 4, 4%
FL JEDMEM(RPMI1640)41 il 55 7% (2 X 4T A 1
TE)100 UL, K FE 21 N1.0x10574L. ¥ 48 Mo i B
37 °C+ 5% CO.¥: 77 #6 Hh % 524 h, 1 7€ #% 4% [ 48
o % FE iK80%~90%. & 2% A K B R, H %=
DMEM(RPMI1640)%% 77 (G 1L 375 ¥, F H % &
DMEM(RPMI1640)55 77 2 (TG L5 ) & #e. #4550 plffi
[ AR/DNAS G2 L, #R3h B F- M, BRI
5o WAE3T °C. 5% COI5FRHH 45 774~5 h,
10%IMIFMPLA R EE TR 5L, K H48 he KRAEIEX
J AR AT BRI FRAA T, WS A5£520% 10,

1.6.2 #ERAFHBIREAR AR TIES

(A)

180
160-
140

Partical si:

NEEEENEN N P
G12/Chol P o

£ 120
[}
N100-

80
£ 60"

40

20

0 T

16,1, #E4% 4 i FHIDPBSYE 1, £FLIIA600 pL
R, 20 minfi5 2 964L AMRH, BEFLIN20 pL, F
N80 pLAS MK, F FH 2 Ty B g A RS W AH %o B 7%
7. [FIIF LAPierce BCA Protein Assayif 7l & N
TR e S A A . RPILAZ 3 RIBZH 73 1% f50:1
IR A, HL250 pLin 21964117 B AR H ((F ), HX
ZURIS nLINBIEEFLA, 37 °C. 5% CO8% 7746 v i
H20 min. fFHBEFRCIESTO nm N 3T E A& 2.
YR AT R8N RLU/mgEE [ .

1.6.3  J B BE N\ A [ B F A5 R AR 69 20 e 2 A )
K HAMTT M 52 Hep-240 JR M 4735 5. K B A0
NN, B T37 °C. 5% CO.1% 7% 4 Fh 55 7724 h.
FALIIAMTT 20 pL, 137 °C. 5% CO %7548 8%
F74 h, FFZEEFEW, MA150 uL DMSO¥ 4 i, H
B ARSI 58 Dsyoo LA YL 21 0 (1) 06 2 R o) B, o
AT R DRI B % s A A7 TR T

2 HFHR
2.1 PHEFREERMAAFREM

K2 43 1S 7S o) B 45 G 1) O VR 4
MR AR T3 J2 4 B2 4 L 7 58, Bt DA
PR, R 2 5 nT SRR I 2 2 R,
T 6 P Ak 3 T 2 AL I O A R AR 5 R A AT,
TV RS T8 DR e R /N I B 2 R RV . AR 9 i 4
(1164~ Ll A5 1R BH 25 7 B A 7E4 °CAE BB H, LA
1:0.3:1.2:1 1: DRI L2 B A3 i & RO AR B AR TG T e i H
DAL :4 BE A 1] % 00 i S A4 DT, RS FH i 48 8 75 Ak
BV ATETE
2.2 RIfR. ZetaBEHIA&M

AR SCASE ORI 52 T 2 A 5 BE [ DA

B 4

[=)
S O

D W B W
(=)
L L

(=)

Zeta potential (mV)

—_
(=)

NN N P
o &
G12/Chol O

E3 PHEFRERAIRIZE(A) R ZetaFL L (B)

Fig.3 Partical size (A) and Zeta potential (B) of cationic liposomes
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BRI -

G12/Chol

Hep-2

NCI-H460 - - - - - -

1/0 3/1 2/1 1/1 12 1/4

.
»

DOTAP

Lipo2000 - - *

Lipo2000

i FH 2 A G 125 B [ 155 LS ] B 451 1) 4% B 52 A4 (NVPJoi B EE 93:1). DOTAPAHILipofectamine 200035 8, N/PJifi & kb J3:1.
Using liposomes at different G12/Chol ratios (N/P weight ratio: 3:1). As controls, DOTAP and Lipofectamine 2000 were used at the N/P ratio of 3:1.
El4 PHESFAEFR A+ SpGFP-N2 G Hi4s FHep-2. NCI-H46040 147 235 B B FRIX(200%)
Fig.4 Green fluorescent protein expression of pGPF-N2 plasmid in Hep-2 cells and NCI-H460 cells

in the presence of liposomes (200%)

AN [ 51 485 5 o1 4% B T B4R TR AR (I3 A) Rl Zeta L
KL (BE3B). 6 g i A 1 T 24 ki 42 #B #£100~140 nm
2 [a], PDHE 4331 °40.255+ 0.301 0.364. 0.283 0.255
F110.239, ZetaHi {37 7£45~60 mV . [8], A& 1) £ 4>
B R BUPDIAE0.2~0.470 [l P, HE J5 A R 43 # Lb At
#157 .
2.3 FERR{A/DNAE &S0 RREE
JiURLpGFP-N2H & A5 & (o 5 't B 1 BRI, FE DA
RIS =W A £kt 7% 6 55 A (green fluorescent pro-
tein, GFP), [H P40 A H B2 i S 07, GFPRH
IR 2, 15 5 H0R, RS, v DLg v
I3 BT i B AR/DNASE G DI G e i . I8 38R G R
ilg 5 RLpGL3 %, L4 i, 48 hJE Kl 4i i o & A & &
Ame s, v LhE & e B A /DNAKE &9

400 000
= 300 0001
2
o
£200 000/
on
E
— 100 0004
—
o
0
NN NN NN O&‘ NS
Gl2/Chol O & &
&5 PAES TR RRIAN SpGL3RAEE FHep-24RH

Fig.5 Luciferase expression of pGL3 plasmid in Hep-2 cells
in the presence of liposomes

(G R . IR BUIE AR/ DNA(N/P) LA Ay 3: 15 e
Ak ¥ o B B 9 K Hep-2 41 i, 52 M 52 5 90 M 6FH B
BT TR B B e . o E B T % 1 I R A
X Hep-24H Ha F % s 2% % AH Z2 1R K, Bl 5 AEL [ 52
N B TG 0, NG A () B e e m iR . 2R
fEG125 fH [ B LAL: 1. 1:2801:4 88 /R B 1) 45 1 i i
P BE 17 R YHep-241 g, 75285 5 IH [ B2 1:25011:4
Fb A5 &5 & B 5 R i 3 G I Lipofectamine 200041
DOTAP#% L33 AH 24 (B4 F11E5)

e Y ST B P P 285 2 B e 1) B 51 AR O A 5 A
FEYLRbR AR SIS [ B A Gt H5 e i 00 N i iR
T ZH i (NCI-H460), 5 Hep-240 it (56 G 80R #E47 EE
5o MR AAR X Hep-24H0 i 1) % G4 2802 w51 T-NCI-H460
Y H(El4).

_ =
SIS

0.8

Cell viability (100%)

i e
ST SRS

>
G12/Chol Q 0&

El6 REEIEFHR AT PHES F A5 BuiA 3 Hep-2 A ZHAR S 14
Fig.6 Cytotoxicity of the cationic liposomes at different
G12/Chol ratios
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2.4 FEFRIA/DNAE &R ST

FH 25— B 5 A Hh 1 R R 440 it 2 T s F HL i) 2
B R S AW R AEE AR, DR 2 51 x4
MO Bt . SRAMTTVENE T A [FG12/Chol B /R
Eb 8] i J53 4 %o Hep-24H M A 23 14 o bl 1 AL 182 2 30
W 2H A0 I i AN AT R D 1Y B B 5R, RI L R R
TN [ 2 B g B AR K M A Bk . 45 S A,
FEG12/Chol g 1:1. 1:2H11:40F, 40 o 77 3 2 R ik
80%LA_E, G12/Chol y1:28F, #4735 A s 1 7
R 7IDOTAPFILipofectamine 2000(£16).

3 iT1ig

AR, W2 E A A ARG A
FRIREE 43, ~T-H5 ELAE 9 100~200 nm™), A fig J5 4
EDNAKE G 5E & E4iDNA. IRk Zeta AL
A 0HE R T30 mVI, BA R e v, 45t
HRKT60 mV, L& AH Mt e, 4% i /N T30 mV
B G P ERG IR AERE ., WREZeta AL 45 F
AJ UL, B % A R ] e N 2 BH B AR PR R AR
1£100~140 nm 2 [7], 2 73 B R EPDIFR FLAE 7341 133
— ¥k, PDUE /N, R s B35 . AT, R R
P FIPDUEFITE0.2~0.475 [l N, Rifs 3835 20, ik 2
VR Dy 5 DR e G 1) 2% A, LA 08 TR P 2 G 1)
iR

EH T L] P B A DI A A 5 A S g 2k, ZE R
B R B A RT DU B AR e XUZ AR A, AT LA
FH 3~ JIg o A4 MU 3t Jo B, (] B 4 it B S - 2R 1
(2 M v 3 Th e, DRI A SR 58 o, i o A o iR
[ it P DA o I O AR PR A e AU, MBS TR IR S
JHERE AL 1, 12801 :4 B8 /R LI & 1) 4% (1) I o2 1 R
% v R e P AN . ASHIE AT, B B A4 X Hep-2
Y 55 YRR B T NCI-H46040 i, 7T RE 2 K A4
JL PN A P R, A R vy, T Ak T 43 24 TR B
21 Hf 3 Ik PR 7 A REECRE S 1 IR AR B B = R
225y IR 2 o 4 B AL T A [ 1R 200 4 2R ) A,
WFAE AN, A& R T R A RN, g
JR AR AE A 5 356 DR e B 1) 41 B 7 4 08 R 5 R o A
(P4 FH SRR AR DG, IR o 4 A4 FH ) B K s 3 R %2
AR EEE . T AR R ST R AN Zeta A i T 25 3
KM 5 AR S 40 i ) 3 U2, S 4, REE B R 2 K
SRCE PRSI o B R4y, R LR g R A o N R[] e T
DA B A B 25 - A o A< PRI BE 4 1 70 B3 42 o

BB 1 B4 T DOPE BLH ity 53— Fiy ™32 B
(KIBHEIR, -5 1RG5 B
o BB T IR A AN, B AR
B (095, OIS 2 T 4597, WA
P R UGHT (035 B FEZ 4, 60 LA B 7S
TR RSO KR T RIS H 1
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