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Transfection of Genes into Cancer Cells Mediated by Cationic Liposomes

Zhao Yinan'?, Zhang Shubiao'*, Cui Shaohui', Zhang Chuanmin', Zhang Shufen’

(‘Key Laboratory of Biotechnology and Bioresources Utilization, The State Ethnic Affairs Commission-Ministry of Education, Dalian Nationalities
University, Dalian 116600, China; *State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116012, China)

Abstract The transfection of gene vectors into cancer cells is a key step for gene therapy. Lipofectamine
2000 and DOTAP are two commonly used transfection reagents as they have relatively higher transfection efficiency.
The size, zeta potential and morphology of Lipofectamine 2000 and DOTAP were researched. Lipoplexes formed by
the combination of cationic liposomes with pGFP-N2 were evaluated in terms of transfection efficiency and cytotox-
icity by using two types of cells (Hep-2 and NCI-H460). The results indicated that both of Lipofectamine 2000 and
DOTAP could condense DNA to form lipoplexes. Lipofectamine 2000 showed higher transfection efficiency com-
pared to DOTAP with an optimal mass ratio range of 2/1 to 4/1. Lipofectamine 2000 and DOTAP showed cytotoxici-
ty to some degree under the optimal transfection conditions. Cell type was important influence factor for transfection,
and Hep-2 cell was easier to be transfected than NCI-H460 with Lipofectamine 2000.

Key words cationic liposomes; liposomes/DNA lipoplex; gene transfection; cytotoxicity
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— R I AR . F v 7 B e 25 s 24 R 82—,
Lipofectamine 20002 — & FH (1) 125 5 o4 44
TG, e LR & RARAL R, 2 M d e &= b A
A AW v 1) G AR AR R v KT I EL 4 B AR, A
e L b e A0 M R i S AR 2 HRaEPY. DOTAP
2 HH R BH B T-NUNUN-= i A e PSR 26 DL
1 mg/mL R BEAE TG B 7K ol 5 T R, A2 S 23 1Y)
P o AR BH B 1 2R, L = o g iR B TR
DOTAP#%, YJDNALHG I RE N TR0 4K, 7647 6 ML
E/Jf LN, B R E MR IA LR . 34k, DOTAPIE
EAHRFEZTR. &R TR ZEREAR
A#@%”EFUD’E KEZBAGHT, £ 5T i
1SRN I g 22 DR, NATTHE B AT A SR o) R
e G N AR N RIS, R FEAIR T S50 AR
ARICHSE T BH B 1 R B4 Lipofectamine 2000
DOTAP['I’JH?L B &5k S 5 DNATEA [\] e 41
N2 & T R A1), X Hep-2 MINCI-H46041 i 1) 4%
Gl R rp PR e, A AR A I 41, 2%
SN M 0T A IR T A4 DR G B R ()5 . 3
EAHITGR, ] A e g e A0 M 28 A R A B A s,
I BH SRR 1A S A )2 VRA SR 4 AR B N
MRS, JEE— A2 H e eaalom i N FH Y )

1 MRI5R*

1.1 ##

1.1.1 fafedr B3 drriax AW LR 40 i Hep-2.
D 41 INCI-HA60( 1 [ 42 it b 3 2 i B2 )F
FUREA ) 73 G TR T 10% 0644 135 . 100 w/mL
T8 2100 pg/mL5E 77 2 [IDMEM M 164085 771+,
1637 °C. 5% COB5 TR0 195, £ 1~2 R E #— K
R

.12 ZEKAHME
Invitrogen’2y wl); 1,2-—

Lipofectamine 2000( [E

T A AR -3 = R T e
(1,2-dioleoyl-3-trimethy-lammonium-propane(chloride
salt), DOTAP, 3% [ERoche/A #]); i RipGFP-N2( 4§
e a FFE N, 52 [E Clontech A #]); FURipGL3(+
PN EMERE A, & [F Clontech/A #]); MTT(3€[E Sigma
/3]); Opti-DMEME; 779 . 164015773 (3 [H Gibico
A, fEAE ME U P ZE T AR TR R R 2
H]); HAEK(MIliQ); f81'E ¢ )t 2 i Bi(Olympus 1X71,
H A& Olympus); W11 (Sunrise Tecan, #AF|IE); —
AL BT 7R (Thermo, 32 [H); #5ZetaHi A7 I 52 5 44
KA U R 43 A1 A (HORIBASZ-100, I AXHOR-
IBAZ A)); A 7 i 20 i 1 S s (JEM-2100, H
AJEOLA Al); 15y e 28 V0K B B(MLS-3750, H A —
AT
1.2 FEXBTFREHEEN

FF 25 1A B4k 75 10 min, 400 H G554 90 1% b
Jg i 4420~30 min, ¥ 2% AR 4 (630 s, T4 )5
TEIZE I VBT OB I RER, hndt ri Hs 200 kv, il d;
AN B AL A 20~30 pm, 5 %0030 Ko
1.3 fIff. ZetaB{LFEM

BH 25 1 N5 AT 38 07 47 RN Zeta Ha A7 3000 s 308 L 965
Zeta A7 W58 55 A8 K BOE U RLEE 23 A 4G &, I
ST K T A 75 A B, P B At K R RS, 1 mLB 4K
TIN20 pL AR FOARKE S o RIS AF R RO I
K630 nm. BN E 3K
14 BEFERAEEER, EHERNZELEYR

¥ Hep-241 i 45 T-96FL 41 i 15 72 dk b, 45 4L
JIDMEMAI Jifg 35 5% W (75 X HT A L) 100 pl, ¥ A
29 41.0x10°7/4L. K 4l i i 137 °C. 5% COL5%
FEAA T 24 h, 7 G 1 40 i % 215 80%~90%
2o KR IR 3, 145 EEDMEMRS 97 1 (6 L 1% )35

El1l DOTAPHI = HELEHIEEY
Fig.1 Structures of DOTAP at minimum energy states (ball and stick models)
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Ut, T H 5 S DMEME; 37 L (G MLE) & 4. #4 B D)
JiUk0.3 ng DNA(pGFP-N2) & AH N L 451 fig 5 44 43 5l
Fii B T-25 uL DMEMH, K H5 o 44 8 80 n 281 it
FLR R, eI 9k 9 2 A8 78 7 TR ), =R
15 min, 73 % g FiiA/DNAK 595, ¥ g i/
DNAK &H)50 pLhn 2 &AL, fRahiE IRk, HiR
Ao 1837 °C. 5%[CO(FEF-4H) T 55 554~5 h, 5t
Tr10%IMIE FPUAE R MG T, HH48 he RAEIE
P WL AT HE DRI T 23 A7, R F 4 i 43 Ll
PRl R, LR 3R P I LT AT W 5%
T, S5 0200% .
1.5 BERARMBMEER, TERNFHREYER
B 5K 4l i FHIDPBSYE 1K, £ LA 600 pL
A, 20 minf5 B R 964L (MR, FEFLIN20 pL, i
T80 WL 7% 22 WA E1STAKL M ¥ A FH Bright-Glo%¢
H R B VAN 1A & (Promega s w]), F| H Synergy 2% 1)
FiE B b A (Bio Tek)or il AH XS B3 1. LAAAHL A R 11
Pierce BCA Protein Assayiat il & 4 A5 AE X I 5 i
HEAE . AILAZ S FIBA 4> 2 H850: 11K LU AR A,
250 pLn2EEfLH, BRI nLn2196-LiZ Witk
I CTR), 37 °CE F 20 mino A FHEEAR{XAEST0 nm
SN A SR, BEATNE S, ORI R RN

RLU/mg [,
1.6 BRE FRE B RHI4H A B 1 AG

K HIMTTi 58 Hep-2 41 MUAF35 50 K 54
TG, B 137 °C.5% COL(55 7746 15 7524 ho
FEFLIIAS mg/mL MTT 20 uL, F37 °C. 5% CO(H4
FEAR) P FR4 b, 52 R IR, IN150 pL DMSO%F
TS P, FH ARSI 38 Dispoo DA L 41 B 1) 016 35
it B THSRERE DR G I A0 A TR

2 R
2.1 DOTAP FlLipofectamine 20006 R~} ZetaFE{iL
AR SCAS FIBEOCRLBE G e T g TR B g oA/
DNAK AWk 42 R Zeta AT, &5 5L 15 5% 5 TG o
A (S 24545 #BE 100~120 nm i), R K ZetaH,
PR HF 1050, DOTAPKISEE k4% % L Lipo-
fectamine 2000/, Jrafy iF AT A0 o PP IR BT 44
LDNAGI &R E W )5, RAREIE R, Zeta A7
BEAIG
2.2 DOTAP FALipofectamine 2000iE 5 F 544
AR SR B G (005 S R R B T
JIg it A Lipofectamine 2000FIDOTAP#HEFT JE S WS,
M AT LLSRAS IR TR I ROUAE B . &5 S a2

A: Lipo2000; B: DOTAP; C: Lipo2000/DNA; D: DOTAP/DNA. 100 kV.

[E2 AgR{KLipofectamine 2000F1DOTAPHIIE 51 f 55 &
Fig.2 TEM images of Lipofectamine 2000 and DOTAP liposomes
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1 ERERESRRZFNZeta B AL
Table 1 Particle size and Zeta potential of cationic

liposomes and lipoplexes

AR 4) VR (m)  SHEUE ZetaFE AL (mV)
Liposomes(lipoplexes) Z-average(nm) PDI Zeta potential(mV)
Lipofectamine 2000 121.1 0.306 46.4
Lipo2000/DNA 200.4 0.467 5.2

DOTAP 94.2 0.242 56.0

DOTAP/DNA 189.4 0.365 10.7

7R, BRI W A IR £ G (0 J5 £E USSR,
A LU 3 B R i SRR SE A N BRI, Rt —
(504 PRI AR SDNAZE SR IE AW G, ]
RECE TN
2.3 BEFRIK/DNAL & LL I3 Hep-2 4 B ds 230 %
Y 52

JIRIpGFP-N2H & 7 £ (0, 98 ' i 1 SR AL, 6 1A
TILI =) 54 SR 096 ER [1(GFP), FHE4N & H
W2 K4k (0 96 )6, GFPRH P40 ol %2, 15 5 i, %

N/P

Lipo2000

DOTAP

W2 e g% il o DU TR AR /DN A(N/P) L 451 43 3]
H1:. 2:10 3:1. 4:1. 6:1H18:1, % YeHep-24H i,
48 hJa il 2 2¢Ot 8 1 (¥3) . Lipofectamine 2000
() 3% Yo 0% 15 T DOTAP. N/P<4: 111, W3Ff i i
I QLR AR NP IR N 4 5, AN/P>4: 1, i gL
RCRBH AT UN/PA3:1. 410, B geik 3 5 m
PR,
24 RAZRMBIHREERNESIEN

K 986 Z W TR pGL3HEAT %¢ 't R 15 &
DRI () s s Ar o 326 BT J52 #42/DNA(N/P) EE 451 493:1,
Y Hep-2 FINCI-H46041 il 48 h/f5 #l 40 Jifd iz &5 11
RPN RO CIREE, %3R8 RLU/mgtE
M. HE47 %0, Lipofectamin 20005 i Fh 41 g 1) £
Pe% 5 T DOTAP, PRI A Hep-2 41 4% e %
FELFFNCI-H460,
2.5 REEERE

FH 251 AR B4R R T BE RN 41 P 2 T iy £ HL 1 2 B

1/1 2/1 3/1 4/1 6/1 8/1

E3 BER{KLipofectamine 200051DOTA P#: S Hep-2 40 B4 2 55 J & (200%)
Fig.3 Fluorescence microscopic images of GFP expression in Hep-2 cells using Lipofectamine 2000 and DOTAP (200x)
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Fig. 4 Luciferase expression in Hep-2 and NCI-H460 cells in the presence of DOTAP and Lipofectamine 2000 at an N/P weight ratio of 3:1
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A: Lipofectamine 2000; B: DOTAP.

E5 Rk Lipofectamine 2000F1DOTAPY Hep-240 i s5 14
Fig.5 Cytotoxicity of the Lipofectamine 2000 and DOTAP against Hep-2 cells

Al: Hep-241 a4t (2 52 6 1l A2: Hep-241 iR A5 4; B1: NCI-H46041 ik (556 )6 I4; B2: NCI-H46041 itk & P4
Al: green photofluorogram of Hep-2 cells; A2: cell morphology of Hep-2; B1: green photofluorogram of NCI-H460 cells; B2: cell morphology of NCI-H460.
&6 £ AmFth3E ¥t fE B iR Lipofectamine 2000 5% S35 2R A 22
Fig.6 The influence of cell types on transfection efficiency of Lipofectamine 2000

HAME AV A RAIER, B 2251 40 i
BTk AR AMTTIEN & T AFRINPIHE G
X Hep-241 J I #E1E(1E5) . 45 SRR W, BEEN/PHE N,
YRR K. FEN/P<2/1HF, P FI G 4R X Hep-2
4il M ) LTk, ZEN/P>2/10NF, PG 5T 4% Hep-2
i M HAT — s B, A1 HAATE R BRIA 2I80% LA T .
2.6 ZHAEPRFR XTI LR AT

o G 1 1 P 288 2% 5 e 31 BH 2 i oAk TR

Megezg R, N T Bt — P UE M Lipofectamine 200011
B R, A S e U GE NP 3/1, d i Hep-2
AINCI-H460 3 B 41 [ X Fe b 47 1460l B 6T 7
g Gea8 hE 51 E SO AN T 5L B IR 4 8 9%
JCHE A R A I . i Blen] g, JIE A Li-
pofectamine2000 X} Hep-2 41l My #% 4% %0 % & T-NCI-
H46040 Jitd, 3 Fh 4i Jfw %% % I iR A 35 K R AW e
Mz
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FH 25 1 25 /I SDNAM AR X Ee il v e 7 2459
PRI, BOK N R AT (Zeta IAL) A IR
IRAST e SEY AR . BAERFTCR I, T2
TF H fr (T BH 25 1~ 2 g S DNA R A % B R 52 4
W AT 851 ORLEE 43 A, ~F- 3 AT 24100~450 nm!',
1M AP 5L 5 W) P DNARE 584 o i o Lee S5 AN [F]
JEE SR B 16 O 25 7 Jig 5 4/ DN ASK 3 [R] 4 e 2 3 1) 5%
WiV T RTE A (RIS ] PR BH 25 1 IR B A4 A
A DNASE & BE R B . AW R, 4 BH &1
JIE it 5 DNATE2: 1~4: 1IN 85 & T B B, R
SEY NG S L

JIg A AE A 5 5 TR A G ] 1) 40 P 2 P08
JIE TR/ DNAK A5 W 1) 1E WL AT FH RIS AH G, Hifr
LU i A AR 2 35 2R A e i) B R0 B3 4h, e
AR AN B2 PEAR KRR RS BB Bk TR AW R~
KN CA KA A5 ) 26 THT 1R Zeta FLAE R G, 2S00 R
SR BA K Zeta AT i 45 25 38 R FL A0 B 23 e A
9% W7, B AALipofectamine 2000 FDOTAPYY fig
24 3t YeHep-241 g B NCI-H46041 1, 41 A7 35 %
Al ik80% LA |, DOTAPH 41 Jfid 7 7 EE Lipofectamine
20005 1% -

o % ) B P P 28 2% % e B BH 25 T AR A
{10 5 DR 2 e 2 2, AL | A S o 5 el 1) i BT H T 9 A
W AW, NG Hep-241 o 54 e 34 % 2L
15 TNCI-H46040 ffa, 7T f & Bk 41 i 4 75 1 T e
SR, I Y e Ry, T A T 20 2R () I 4 E T e A
VB FH S EBH B8 T o A 110 5 B A 22 43 24 0 40
Z o AL T AR 40 B o 240030, AR FH A A,
M 38 T 2 G023 AN TR0 56 ] — 41 i R i,
Lipofectamine 20001 4% 44 % % W] & 4L TDOTAP, X
VR P e e 7R 1 5 1) 2 S A G 5 A R AR [ 2
(). Lipofectamine 20001 > Vi & 24 BH & - i3 Jot 1,
Ay 1 IF A7 25 B AH X DOTAPH: 1, PN Ifi S DNAZE
i fie J1BIDOTAPE, fe’R 2 Hi 45 & DNA, ¥ b &2
B WA T 0 P IR ST D T 2 T A v ) A Gk

g bR, WA G A 1, W SRH B T
I AR 258 G Jie 9 400 320 P DA 3808 o 1) e e, R
PSRN S A B L, A K, Lipofectamine 2000
TR AR 22 25040 A e R A, F BRI At R 0]
JI A 1R 3k 6 B, DOTAPIRFIT A7 55 48 1 3 1)

B, by BH S 5 SR PR 1B 2 2 DA S BRI AR
PR ANBLIR 2%, JFRE— DA 1Y Bk i v
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