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Gene Delivery using a Novel Cationic Liposome with Low Toxicity. Kang, Hyungu', Kyung-Oh Doh’,
and Young-Bae Seu*. Department of Microbiology, Kyungpook National University, Daegu 702-701, South
Korea, "Department of Physiology, College of Medicine, Dongguk University, Kyungju, Kyungpook 780-714,
South Korea — Cationic liposome has been studied as one of the most promising non-viral gene delivery sys-
tems. In this report, we describe a new synthesized cholesterolic cationic lipid (2-aminoethylcarbamate-cho-
lesterol) and dioleylphosphatidylethanolamine (DOPE) improve the cellular uptake properties of antisense
ODNs, as well as plasmid DNA with low toxicity. This formulation of cholesterolic cationic lipid termed
Chol-E, efficiently transfects ODNs and plasmids into many cell types in the presense or absence of 10%

serum in the medium,.
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AHE-8}A] 9t recombination competent virus (RCV)2] €3
7Fsd sle] @A ol wp=w] nlole| o] Fu] whiof o
3t WY wkg-o] it o] 2 Fod RHEARE-)7) ol 29, v}
ol xe] YA Wl W A 59 A|AAl Hit AA A
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A 2-neck round flaskell }#2] ethylenediamine O 6.07 g
(100 mmol)S 5% trifluoroacetic acid(TFA)7} E33
methanol 200 mlol] 23 G2 Lof|A] WRISPHA olw] 7]
H 3 Aj kel ditert-butyl dicarbonate 2.18 g(10 mmol)2- 50
ml methanolel] 3o HAH3] A3} T, 6A 7 F 7
3t T3]3 EtOAc 200 mlZ 348 F 50 ml NaCl 5%
Hoz 23] Nt MgSO2 ZAZ3}AL 3 53]
1.36 g(0.85 mmol)®] F o}v]y] F dEwle] B37]|E 7}
Z] mono-Boc AAE @F A}, o]F round flaskel] A
H @ AWAE 1.36 g(0.85 mmol)-& dichloromethane 100 ml
o]l Holal cholesterol245-E] §A3F cholesterol chloroformate
@ 4.49 g(10 mmol)&- dichloromethane 30 mlol] o A
3] Assioict. amk 3A12F $- ZRF 558 #H EtOAc 200
mlZ. A8 F 50 ml NaCl £3589 02 23] A3y
o}. MgSO.2 Z1E F 75333 silica gel column (Hex:
EtOAc=10:1).2.2 A A)3}ed 3.40 g(5.9 mmol)®] cholestero!
o] 2-Boc-aminoethylcarbamate’} =4 98 AP E OF
A}, obn]x 152 Bock 37| & A|AF] 18} Boc-
protected AJ4E @ 340 mg(0.59 mmol)}E dichloromethane
10 mioll =<4 trifluoroacetic acid 3 mlE A &8}, 147}
aME F, ethanol 10 miS- ¥32 718} 558 #A C-18 reverse-
phase columno|*] 10% methanole] E& ¥ acetonitrileZ.
A ste] 212 mg(0.45 mmol)2] °Fo]& ) I Z(cationic
lipid)8l 2-aminoethylcarbamate-cholesterol A€ ©F %
Al3te] Chol-EE W 3ldch(Fig. 1). IE FH ol
A 83 =x £ g]l¥|=<] DOPE(Dioleoylphosphatidyl-
ethanolamine, Avanti Polar Lipids, U.S.A.)¢} vleFsh 5%
2 EF3le] ol uhE frAls W eR 2EFY ofol
YEZS A2}t vl AF3FC}. Chloroformell o} 9l
+ Smg/ml ¥=° Chol-E& 77} 10, 20, 30 mg¥ E53)
round flaskell 5 mg/ml =2 DOPE 10 mg¥ &35t o}
&, evaporator® Z1ZA1A = HEL FAAAT. Az
2 AR 5L 10 miS] A E5R £8|A A B E2Fo
FAAHES slodvt. 4719 BlEZES vortex mixer® £33}
% sonicatorZ TA S, 100 nm, 200 nme] 2173 7R
= polycarbonate membrane(Pall, U.S.A.YS ©]-§3lo{ Mini-
Extruder(Avanti Polar Lipids, U.S.A)el A 103 % 3}3}o
Y xZEo] 7715 248yl FITC-8H4 Oligos®] A=
Expedite™8909(Applied biosystems, U.S.A)S o] &3} g
Asledt. FITC-3A oligosy nucleased]] of-¢ B¢k 3}7]
o] Fofl 5 primeel] 143} A7) F T, DNA ligase(Takara,
Japan)S ARSSle] }E BS FHATLE AHAA AR
stttk 2 2] 5 labelled PS-oligos™ A3 el AR&-s}gict.
oFol2- u| =9 dikA) A &L SA3] Y8l 2%
9] reporter -F-4 A (luciferase, GFP)E X338l A =3}
plasmid®= pcDNA3 vectorell cloningdle] AR8-3133t}.
A (plasmid DNA E= FITC-oligos)E ¥ =9} o}

k3t vl g2 EFste] AMgslole EAE g3l =
TOM ¥J=] (WelGENE, Korea)ellA] Al|zkslgd ow | oju] AR
g DNAS] %F2 0.3 pug/well(48-well plate)?] DNAZE o}k
gt ke =lu| =9 Egeiich. E89 A7 S A
2o A 1587 AR F M Xl Mejste] AY &S &
I8t MCF7, A293, AGS SHIZF9) wijekel-& RPMI
1640, EMEM, DMEM S(WELGENE, Korea)o|r, ujo¥}
o 10% heat-inactivated FBS(WELGENE, Korea)2} 2mM
L-glutamine, 100 units/m! penicillin, 100 pg/ml streptomycin
(WELGENE, Koreay2- A7}l 37°C, 5% COME uijof7]o]
A wieksigdch Al s A AlEST} 2 % 10° A /mle] H
=5 AT F, well B 5x 10° cellse] =S 48-well T
glo| Eol] XF3l5ivt. M X2 £AE TOM A5 AM-
al9det. Luciferase 84 42 a3 2ol 3. M EE
< PBS &8z o AL, 100 ui¢) 1 x CCLR(cell
culture lysis reagent, 25 mM Tris-phosphate(pH 7.8), 2 mM
DTT, 2mM 1,2-diaminocyclohexane-N'N'N'-tetraacetic  acid,
10% glycerol, 1% Triton X-100) $4 2.2 -t} A
F £ 12,000g0 M 1837 HAE2 5 F BCA™
Protein Assay(PIERCE, U.S.A.)& whiA #Jeksle] Luyciferase
8-S ZA3ldvt. ME Sl dol| luciferase assay buffer
(25 mM Glycylglycine pH 7.8, 15 mM Potassium Phosphate
pH 7.8, 15mM MgSO4, 4 mM EGTA, 2mM ATP, | mM
DTT)Z 100 pl7bsk %, 20 pl®) lucifering 3 7Fstsd o}
Luciferase A< Luminometer(Berthold Detection Systems,
Germany)® 1027} &43sic).

Zol7} 7L P& T(18~120 mene] AZ-E Ho]7} 7}
plasmid vector(3 kb o]Ahe] A3} 2ot & M EF] o}
A BARA| 2] ool weba] ofo| - 2lg|=e] AY Bgol
o2A vebdeie vee] Ad Aage] vk mebA o
ol & 2| o 23} A2 Holo] A g=lT AY RES
eol® 7] 98l primary A EF9 E3F%l adipocytes
(differentiated adipocytes) Al ZF5 dlAt o2 Al sy},
GFP ¥ FITC-oligos®] A%< MEFE PBS 5402 2
Wl A F 3 =yEe|A s X 3 GFP A}
el oA} W Al E Ye] FITC-oligos®] &4 S ¥-2 #3
ahsdet.

Y EZF (ol Bz =)0 B3 A2 zeta potential
analyzerd! ELS-8000(Japan/OtasukaElectronics)2 &7 8}53
o}, 54 3AeH (Dynamic Light Scattering)®} 12]2. B4l
Adeie] A 27) J FEEE SAEa HolA =y
(Electrophoretic Light Scattering)®] ¥2]2 E-AMteol] g)
E ExE dAe A E SRS Ak At
Ae] A, S, AT dAF 71549 Al A#rt "
o Imgml E=Z 100nm$} 200 nm<] polycarbonate
membraneS 533l 77t qkEelAl SfeleA Bl EE £
£ F5ol 10%2 SIM3E o A48 cellol] Yol A3}
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Srt. B EF Z7)e 508) whERS R EAE, Al 3
3 wHEe 2 ZAsle JAAE sl R e
2~ oligonucleotide®t plasmidE 27} 1 mg/ml == o]
& Foi=et A F 2)EF ) 2 AN S

96 well plate Aol A AZA 5 =5 2-fold dilution
o2 AN F 5x 10 HEF 472 welle] 793}
Al WelCount™ Cell Proliferation Assay Kit{ WELGENE,
Korea)Z ©]-&3lo] 2% prorocols AE EA1S AF s}
Ak =3 FITC-§4 223 2 reporter plasmidE
transfectiondt - Fu|7A-L Ea) Axze] wgoht FaF EL
ke 2 ZArksieid.

da o g

kol 2A I =F AHdA S 4 F3te] cholesterol
chloroformate25E] 85%%] 4+&=. 2-aminoethylcarbamate-
cholesterol, Chol-EZ &4 319w (Fig. 1). Cholesterol
chloroformate= choesterol2 tH¥8t amine group?} Zgte]
Lol R uhEA o] Fol /R FrrAE A=Y
frgsleh. A F AA FAE AR HFe] kel =lF=
52 Folslr] $Jsle] dhoFst FA%(MALDI-TOF, FAB-
MASS, GC-MASS, NMR)yS -8 adoli gt}

IH-NMR (Chol-E) &: 0.69 (3H, s, CHs-18), 0.86-0.89
(6H, d, CHj, 26-27), 0.91-0.94 (3H, d, CH;-21), 1.03 (GH,
s, CHy19), 1.11-1.15 (2H, s, NH,), 2.782.81 (2H, t,
CH NH,), 3.45-3.48 (2H, m, CH,NH), 4.60-4.64 (1H, m,
H-3), 5.04-5.08 (1H, m, NH), 5.37-5.40 (1H, d, H-6).

Chol-E ¢¥o]2A BF=E TFA salt FE|2 Eajsle] 2
EFS ARA Eelyt bufferl| A ol FE HFAst=F 7
o}, ojuj DOPES} 22 FAA|Wo| ol 2A 2@ =e} UA
HE2 AolM HEFS A fAa g s
A7V ol BEF] BAE SVHAITIA AlEatst Aj
HE AT Aol Base] g2 34 Chol-Es}
DOPEE f71-87lell FHedx vfat FAMIZ ki ssted]

ditert-butyl dicarbonate
(Boc),O H
Boc/N\/\NHz

2

HzN\/\NH1

Cholesterol

Yu) = GE5-g Axd) o] YRERE do BAA
& extruder® ©]&3Fed 100 nm, 200 nm=17]2] 2 EZS
Azpstdeh. ol 5 ofole BlEFEL =)= WA Al
alo] wl§ F93F 8 ole), AR S ol B]EFo] 1
F am Azeks 53E)7F ofFaL, v 2o Ak
o} At F A xetuie] Ao "ol HPESo] A3}
Ho}h. by 2 o Fell A 10054 200 nm o] 32| Thekat
pore 715 2= extruders AMESl] BlEES] =78
A3} s AzrE 47| e|E2Ee] F7]9) YAt =27
2 AP HALAE ol A2 iN-Ee] YEL 2
717} 200 nm ol&tsiet. Ak o} E3eE o) EgAe] =
717} 3718 o2 Hol sAkA|9} Aglo] A o] FoA= 7
22 Jepyton], 7] wat JExag Lol3A 3
AUE Z7| A= EIEg =N (Table ).

71&9) Y E5e A o chiAs) Al Ag &
o] I3k T A2 ¥yd v} gle{11). 22} Chol-
E/DOPER ZFE A o] o™ HFE ol o} o35
S FA &5 Ao NEe) odepy 238 )
e FAAE BelFErh ofole BlEEC02 AR Al X
Al wlEA 2 83 whiAe) wEEgler, 53] 93
o] A XM F v EA FF e L=
}(Fig. 2). GFP & w]ae} 7 = & reporter 4

Table 1. Size and zeta potential of Chol-E cationic liposome.

Extrusion size DNA type Diameter+tSD  Zata-poten-
(nm) (nm)* tialtSD (mV)?
100 No 118+ 3 16.81+1.05
200 No 187+13 21.19+1.21
100 oligonucleotide 146+ 5 -43.7£0.86
100 Plasmid 223+ 7 -30.7+0.86

Particle size and zeta potential of vesicles were measured by elec-
trophoretic light scattering spectrophotometer. a. Diameter of lipo-
some extrusion by 100, 200 nm polycarbonate membrane and its
DNA complex. b. Zeta potential of liposome extrusion by 100, 200
nm polycarbonate membrane and its DNA complex.

Fig. 1. Synthetic scheme of cholesterolic cationic lipid Chol-E. Cationic cholesterol was synthesized using ethylenediamine and choles-

terol chloroformate.
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Fig. 2. Confocal microscopy of GFP expression of DNA deliv-
ered with selected formulation in the absence or presence of
serum. Cells were seeded at a density of 2x10° cells/well in a 48
well plate usually 18-24 h before transfection. 0.30 ig of plasmid
DNA was complexed with 0.90 ug of cationic lipids. Before trans-
fection, growth medium was replaced to TOM medijum for trans-
fection without serum or was used directly in the presence of 10%
serum. After incubation at 37 under 5% CO; for 5h, the mediur
replaced with complete growth medium in case of without serum.
The transfected cells were incubated 24h and examined by fluores-
cence microscopy.

Aol luciferase E40] Wy oz A N HALE-L v w3}
oA Ags) gt AFANME Aol e 7o o5 L
of wolxw] FAAXWLZ A" DOPES] Hlgel mtz} A
¥R ohE PO R luciferased] W o] vieldg o
slek(Fig. 3).

Zol7} 72 A8l 1(18~120 mer)2} A Hoj7} 71
plasmid vector(3 kb °o|Ah¢] A3} =2H12]. &F M EF
of wetA] BAA ] Zolof] b ol BEFL| AP B
&o] T2A Jehdele g9 Ad Axkse] ol wet
A ol T =o) o7 B2 Hol) F4 LE|T AY &’
£& oot sl primary A EFQ) 3+ adipocytes
(differentiated adipocytes)®} HeLa M EFE tiaho s Ad
3lgdvl. Pre-adipocytesE #3471 F 1595 Al XEe) FITC
G E3RIE YL F25 A 2= nE AEed Aelgt 23E
FITC A4 22|} A2 3 W2 Hdso] 2he 334
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Fig. 3. Comparison of the influence of Chol-E/DOPE and
DNA/liposome ratio on transfection efficiency. A: Transfection
efficiency to AGS. B: Transfection efficiency to MCF7. Each cell
line was incubated to 24-well plate at 6 x 10° cells per well. All
cells were transfected with 0.3 ug of a plasmid containing
luciferase gene and 0.3 to 0.9 ug Chole-E/DOPE (1:1 to 3:1) with
or without replacement of TOM medium. Luciferase activity was
assayed at 24 hours after transfection.

9] ¥ mokg AT 4 9l vh(Fig. 4).
MEFL] AL 96 well plate Al A AGA e FEF
2-fold dilution BPHL.2 3]A3) & XTT assay WS o]4

Fig. 4. Confocal microscopy of FITC-ODNs delivered with selected formulation in the presence of serum. A: Light imaging of trans-
fected adipocytes. B: Light and fluorescence imaging of transfected adipocytes. C: Fluorescence imaging of transfected adipocytes. For
transfection of FITC-ODNS to adipocytes, 2.5x10° primary adipocytes in 0.25 mL of DMEM supplemented with 10% FBS were incubated
with 0.2 ug ODN and 0.6 ug Chol-E/DOPE (w:w=3:1) complex at 37°C in a 5% CO, incubator for 18 h.



GENE DELIVERY USING A NOVEL CATIONIC LIPOSOME WITH Low ToxiciTy 333

-

AGS

200 [
150 | o

100

(5]
o

Cell survival (%)

0 2 4 6 8 10
Lipid amount (ug)

w

MCF7
140

120
100
80
60
40 | IRREE N
20 t
0 1 i 1 1 1

0 2 4 6 8 10

Lipid amount (ug)

Cell survival (%)

Fig. 5. Cytotoxicity of DNA/cationic liposome complexes in the
presence of serum. A: Comparison of cytotoxicity to AGS cell
line. B: Comparison of cytotoxicity to MCF7 cell line. Cells were
cultured for 72 h, and numbers of viable cells were measured by
the sodium 3-[1-(phenylaminocarbonyl)-3,4-tetrazolium]-bis(4-
methoxy-6-nitro)benzene sulfonic acid hydrate colorimetric assay
using the WelCount™ Cell Proliferation Assay Kit.

st ME A4S A A= 2722 AH-E DC-
cholesterok> FEAI el = AMHE S0 vl A2 7
L2 ozl gu| sk B4 vt B AAE v
eplglek(Fig. 5).

AAHA 3 2| EZF, &84 2] EZF(fusogenic liposome),
pH 784 2lEF, 25 334 Bl EE, 9y gEF 2
2 At oFel2d lE2E FEAY FA-E vekst #del
Al o] FolA| 2L glet. ookt BlEFe] S B3] Ft
Aol AFEL L3} o FoR AL A A FES A==}
geAtEelet Eotb. 53] Welo] =7} conjugatedd oFol-2A4
I = Aol Wk 77t AEES e g o33t g
FEE FEAYS Edle] 2AWE DNAS APl &
fo] kg Aoz 7 H7] wFelvt. =g oHA
(emulsion) Aol w]o| 24 AR E FH7lsle] A
Pt ofol 2] oA /DNARLA = ool 24 B X E
R]&l transfection &) S71EI H o] Q= F7 A
transfection 80| A9 44 9hvl= B 9)olA]
A3 3} 3= whEE W3S PR U} s FEAH R

E A Ao fgo] ¥, B o] Hon 53] 24

Eoldgl B ol PEES) Yol BHE Tojof @

ol}.
2 o

e e E ] o)A 23 = 2-aminoethylcar-
bamate-cholesterol(Chol-E) Z &HAdsle] o|9] 2]¥&8- A%
s, Bl E2ES ookst vE =2 S}l DOPES} 41+
A vFE F 100~200 nm®] membrane®Z. extrusion*|# T
A3t 2 EFS Alxtsled =] 9 AHE SAHEG. 8%
ozl a1l yciferase plasmide] W8-S o B 7FA] A Fol A
Rl A} pst HE RS ol ¥l ol 24
oAM= WEle] F/1EE B qislen], ¥4 ODNsY| A
= adipocyte cell M= 2 o] Fo] 2= 75 Flg 4 9]
Ak G 2ol AFAS DC-chololl Bt =
Aol AL Y E2EHYS U 2o FAsPIME A3
A FAzRE AT e S840 719 = A2 g
ZEE AxsSE o 4 ok
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