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Effect of Lipofectin on Antigen-presenting Function and
Anti-tumor Activity of Dendritic Cells
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ABSTRACT

Background: Dendritic cells (DC) are professional antigen-presenting cells in the im-
mune system and can induce T cell response against virus infections, microbial patho-
gens, and tumors. Therefore, immunization using DC loaded with tumor-associated anti-
gens (TAAs) is a powerful method of inducing anti-tumor immunity. For induction of
effective antitumor immunity, antigens should be efficiently introduced into DC and

resented on MHC class I molecules at high levels to activate antigen-specific CD8"
% cells. We have been exploring methods for loading exogenous antigens into APC with
high efficiency of Ag presentation. In this study, we tested the eftect of the cationic
liposome (Lipofectin) for transferring and loading exogenous model antigen (OVA
protein) into BM-DC. Methods: Bone marrow-derived DC (BM-DC) were incubated
with OVA-Lipofectin complexes and then co-cultured with B3Z cells. B3Z activation,
which is expressed as the amount of B-galactosidase induced by TCR stimulation, was
determined by an enzymatic assay using B-gal assay system. C57BL/6 mice were
immunized with OVA-pulsed DC to monitor the in vivo vaccination effect. After vac-
cination, mice were inoculated with EG7-OVA tumor cells. Results: BM-DC pulsed
with OVA-Lipofectin complexes showed more efficient presentation of OVA-peptide
on MHC class I molecules than soluble OVA-pulsed DC. OVA-Lipofectin complixes—

ulsed DC pretreated with an inhibitor of MHC class I-mediated antigen presentation,
Erefeldin A, showed reduced ability in presenting OVA peptide on their surface MHC
class I molecules. Finally, immunization of OVA-Lipofectin complexes-pulsed DC pro-
tected mice against subsequent tumor challenge. Conclusion: Our data provide evidence
that antigenfoading into DC using Lipofectin can promote MHC cﬁ)ass I- restricted
antigen presentation. Therefore, antigen-loading into DC using Lipofectin can be one
of several useful tools for achieving efficient induction of antigen-specific immunity in
DC-based immunotherapy. (Immune Network 2006;6(2):102-110)

Key Words: Dendritic cell, DC-based immunotherapy, lipofectin, antigen presentation,
anti-tumor immunity
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dS TPt webA Ao AMEE OVA T d
Fol2A XA A HEF EFAE A5t -
FAIE YE Agste WS o] &3ty FAGAH Y
FAAA 5ol T2 F AeAE Fst= A4S
T o] & Al AlFH WA OVA S04 T
A3 hybridoma®] 43} 52 A ¥ e}, o 2)e
Eol& 452 st AUYeA OVA Tl g 5o
ARl geF AHukgo] fFrE =R FRlste AFS
RES=g
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AXF, 2 Ao AEH EL-4 (Murine thymoma cell
line; American Type Culture Collection (ATCC), Rockville,
MD), EG7-OVA (H-2b-OVA—transfectant of EL-4; ATCC)
9) A3+ L-glutamine (2 mM), penicillin (100 U/ml),
streptomycin (100pg/ml), HEPES (10 mM)$} 10% fetal
bovine serum (FBS; Gibco BRL, Grand Island, NY)©] 37}
% RPMI 1640 (Sigma, St. Louis, MO) HJ % 0 & 59
CO7F frAE = 37°C w710l 4] v st Sieh. B3Z (T
cell hybridoma) M ZF(10)= FH L ¢Fato) g A
AlE wEekom, QA EF9} %?4 st oA Wi kS o
SAth DC2.4 Al XS+ Harvard Medical School9] K. Rock
HRALO AL A S SFS HEETHID).
AYFFTE. AP HAT 7ol $1=(Specific path-
ogen-free, SPF) 2714 A1-5-% 6~8F% 7 C57BL/6
(Daehan Bio-Link, Umsong, Korea)E ©]-&3}9 o9, 43
At A A HiE ALR S 5 AHTEA AAFHAA

3, RAIZE BEERAS FAS AT
5 AAR AAAABA AP oh Lo BT

H E3lste 24 F# FASAMEZY vl 2 Inaba 59
WS o] &t A th(12). v tE S =S wEe)
a1, FAF7]e] @71 RPMI 1640 Hi A 2 A o] ZF+Z H g
Sl & red blood cell lysing buffer (Sigma)E ©]-83}o] Z
Y15 AAS L SFAEE GR3YY. EEE =5
A| 3o hybridoma M3 Bl Yo 2 o] Foi7 A &
fH 5 mlS H7}Ear 4°Co| A 3027F v oFste] F5A)

EE Al B AE, T AlE, A4 23] Al E(Natural
killer cell), 2] Al 3 (Macrophage) 5o &AS AT
TH(Table 1). RPMI 1640 ¥} A 2 2 4|23 & 10 ml ra-
bbit complement (Low-Tox-M, Cedarlane, Ontario, Canada)
g H7kstel 37COIA 1417 S wigstel FA7L AR
so] Y& AXES ARk Aol AEE 2ol
3t7] fste] BAE A2lg Al 3 mlE 5 mlS] Histopa-
que 1077 (Sigma)°l #7}8t4d 1,700 rpm O 2 305 F<t
AR At 27 AAE 5T GHAE

2 F ¥ AHsFE T 5¢10° cellsymlS 24 well plated]
B3t 5% CO7F A== 37°C Bl g 7]ol A vl o3}



104 Young-Woock Noh, et al.

Table I. Clone names and characteristics of hybridoma cell lines used for BM-DC preparation.

Name Target antigen Source Isotype ATCC code
J1.10 Anti-Thy 1.2 Rat IgM TIB-184
GKL.5 Anti-CD4 (L3T4) Rat IgM TIB-207
3.168 Ant-CD8 Rat IgM Unknown
RA3-3A1 Mouse B cell surface glycoprotein B220 (CD45) Rat IgM TIB-146
Jid Anti-mouse B and T cell Rat IgG TIB-183
M5/114 Anti-T-A** and LE** Rat IgGab TIB-120
F4/80 Anti-mouse macrophage Rat IeG HB-198

AT Hi ol AHE-E Hi A= 10% RPMI 164001 =2/ A] At
¥ F3f% QA recombinant mouse granulocyte-ma- B3Z M X9 X% Z3. B3Z A= OVA HElo] =9

crophage colony-stimulation factor (rmGM-CSF; Endogen,
Woburn, MN)$} interleukin-4 (rmIL-4; Endogen)E Z}7}
10 ng/ml 3 7}sko] ATt vl 29 A, vl F2
o] A e AEE wFYF A AAS L AN2E
HAE YolFa, 40A, FH 5o) AA B ALE ¥
S8kl 5x10° cellyml FEE EFato] v st gl vy
F6~78A FHH YA ¥ AEE IFste] £
s BESAY 3 FAGAEY A5E =]
st 6~74A, FAGAEE 1ug/mle] LPS (Sigma)
7F ol WA A 2443 Feb wf gk
FAGA X0 OVA F49 AL, K* Aol 2gste
OVA @l d 9] peptide (SIINFEKL; Peptron, Dae-
jeon, Korea)(13)} chicken ovalbumin (OVA; Sigma) T3}
A4S 7247} 0~10ug/mle}t 1 mi/mle] =2 644 3%
g FAFAEA A F 37°C Wi F7IAA 6A13F TS
Hj F3l Tt EG7-OVA M 59 HAL= freeze-thawing
U S 0] 8319tk EG7-OVA (2~4x10%2 RPMI 1640
Ee F87% v A (serum-free media)ol] ¥ JHALE
o g3to] WES F ITC £2E ol §3he] F53] AF
stAth 2~33] WHE 5 trypan blue GAHOZE IALE
glat At 2~4x1070 2] HAHEZ 1x10°70 ) A4
MEE 37°C i g7]el A 24A12F 52t vl gt
OVA-Lipofectin B A & ©] &3 OVA FLHL. N-(I-
(2,3-dioleyloxy)propyl)-N, N, N-trimethylamminium chlori-
de (DOTMA)$} dioleoyl phosphatidyethanol amine (DO
PE)E 74" LipofectinTM (Life Technologies, Gaithers-
burg, MD) 10ug/ml} 1 mg/ml OVA T A8 1 ml9] op-
ti-MEM (Life Technologies)S ©]-&3}¢] 4 o]+ 3 208
7t oM WA S FAZAE1*10%99] 1 mle)
OVA-Lipofectin 5321 & 3 7135+4] 37°C wi 7ol A 64]
b &t wieFsk it B3, FA A ol A 2] MHC class
I pathway®}e] #HAAE A1F37] 9134 brefeldin A
(Sigma) 1~10ug/mlE 3027+ wg] A&+ F OVA-
Lipofectin 53219} A 37°C vl F71ol A 6A17F &<t

Eo]Z 2l T A3 (CD8" T cell) hybridomaZ 4 TCRo|| 2]
g AsHge SolFor WHELEF NF-AT-lacZ re-
porter vector® FAATH FUAEFE OVAK® 27t
o) EolFel NEEA T AE} §83t Y3 A
0] TH10).

B3Z cell ¥4 E+ TCRE 53 ASHEE FA st
B3Z M ¥7} M A3t= Bgalactosidased] HAS =A3}
1A &HYk o] 93l pB-galactosidase Enzyme Assay
System (Promega, Mannheim, Germany)< ©]-8-3+ & 49
24 58 SAo] o] FolHth A EE RPMI 1640
o= 23] MHT B 1x10° cells/1000e] FAFAZE
96 well round-bottomed microtiter plate®] &3}, 2x
10° cells/1000¢] B3Z AIEE HEF3lo] 37°C uj 7)ol
1643t &<QF A ikttt B3Z A5 1.5 ml tubeol]
343t PBSE 2¥ A|H S & 1xreporter lysis buffer
(Promega) 25018 3 7}ste] nwkslk & 4°Cel 2087 W
28k Th 4°Coll A 12,000 rppm O &2 527 YAl 2}
22 AL 96-well Nunc-Immuno™ Modules (Nunc, Roskil-
de, Denmark)®l] 53} th. 2xAssay buffer (Promega)
= 25 ml® FHUMsE 3 37°Co)] WX 5T 308 ~34]
ZF W oll Emax precision microplate reader (Molecular De-
vices, Sunnyvale, CA)E ©]€3}4 0.D. 405 nmol| A &%
TE A9
o2 IL-12 cytokine S, v} = 8] A%
A v Fd el = IL-12 cytokine FS S 317] 9
3}o] mouse IL-12 Custom ELISA Development Systems
(Endogen) 2 AH&-3}4t}. PBSOll &35 ©] $1+ anti-mou-
se IL-12 coating monoclonal antibody (3ug/ml)E 96-well
Nunc-Immuno™ Modules®] 100p% £33 & 25°Co] A]
shERF B9t WA AT Coating 8-S A| A3}AL assay
solution (PBS with 4% bovine serum albumin (Sigma), pH
72~74)% 2000 H7bste] 2A17F FF oA
blocking3} %1 T}, PBS-TZ 3¥ A 43t & A5 9} standard
£ assay solution®] =<1 3 50u% wellell 37138l 14]
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7+ Fob AL A3kt 0.5ug/ml 2] biotin-
labeled anti-IL-12 detecting monoclonal antibody (50ul)E
welloll 74ste] 1A17F &2t Aol WA sttt 33] Al
# % horseradish peroxidase (HRP)-conjugated strepto-
aviding assay solution®. 2 1 : 8,000 Hj-& 2 3|43l &
= 100u¥ welloll 718tk 30% F 33] A8},
TMB substrate solution (Endogen)= 100u% welloll 37}
3tk oF 15~20%9] At & H,S0, (2.5 N) 100ul 2
A7Fsla 0.D. 450 nmol A FF=E SA3IATH
AYE v 2E o] L3 tumor challenge. 52|44 L
£ OVA, Lipofectin, 2] 31 OVA-lipofectin 337} &
oIUE MRl A 6417t Tt ¥ & It 6~8F
2 C57BL/6 W}-$-229] B0 38} FAks.c; 1x10%mice)
Atk 59 5 wjYE EL4 AE E= EG7-OVA Al X
(1x10°/mice) & vh§-229] 2-& 91X F3}FAlae] ¢
o] l:ﬂ-/\gfg]_lii »3]_93_911]’ 59 WE‘H ok 2~59 7]_73 o

223 Ev 35 B T4 AV E SASIL £

o) A7) wyo] M XAE o83t 7tz AZE
ZA% & 7 27 Zdl] S ASIE WS o] &
st

SARA, LE A= meantSEE &P oM, A
T3] BAA 2492 Student’s t-testE ©]-&3H HA
gtk AgE 2FE p<0.05d o EAF R 8}
ohal A4 sHSi T
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FZTAA Fes A E A EFIRIS AElste] &
3tE frEste] BHEAAAe 5 Fill FAGHAEE o
&3t vk 4 il A EE T ALY £
ZHQ1 MHC class 13} T #AH8 Al EZEH| =4 ddsta
9lom, HxAZ BAHCDYT CD86), 44| A E o] Al
TG #st= EAHCD40), 12]3l adhesion A}
(CDs4)7F =A TAHE AR deiA ok, =3
CDllc A5 5ol oz wdst=d], o] W 4=
=T FAGAE EXV\}E T2 o|&Hth A3
AHESE FAGAIEE 48 A3 CD1lc, MHC class I,
CD40, CD80 (B7.1)3 CD86 (B7 2% iﬂ] W83k 3 Q)
of, MiFE AE7F FAAA & A7) 7S 23 Its
AS AYa IS #2135 t(data not shown)(l4)
FAAFMES] & A Al (antigen-presentation) 8 3
4. EG7-OVA A3+ EL-4 thymoma A 259l chicken
°] OVA Tl & Hd 5 FHEo] 7 A EF0]Th20).
webA, OVA 3l @i o] WS XAttt de
o] &5 gty £3], K" typeol @3l MHC class I 2
2t o)sf A|A == OVAL] &4 peptide (SIINFEKL)7}
de] AREE AL T (13). WA, 6~7L7F v A%
AAEE 0~5ug/mle] OVA peptide”} Z3HE v x|l 6
At ERE wlFeE 5 B3Z A} A 16417 F<F vl et
& B-galactosidase®] W& HFS FHE(OD 405)Z ©]&3}
of 343 23 Jeeol= P s EXOE pgala-
ctosidase®] LHo] F71HES F1T = AUThFig. 1A). A
g)et HEefo]= <Fo] Spg/ml o] Fo M= SFAEH T
AZe] A4SV HEEHA Gk L2, OVA o
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Figure 1. Presentation of OVA peptide on MHC class I molecules in BM-DC. (A) BM-DC (1x 10°) were incubated Wlth the indicated
amount of OVA peptide for 6 h, washed, and then cocultured for 16 h with a T-cell hybridoma, BSZ cells (2x10°/well), which
express [-galactosidase upon recognition of the OVA peptide, SINFEKL, complexed with the H- 2K" molecule. The amount of B-
galactosidase expressed in B3Z cells was determined by an enzymatic assay using B-galactosidase Enzyme Assay System. (B) BM-DC
were incubated with EG7-OVA cell necrotic bodies for 24 h at the ratio of 1:2 or 1 : 4, OVA protein (1 mg/ml) or OVA peptide

(5ug/ml) for 6 h.
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A (1 mg/ml) == OVA pept1de (Spg/ml)7F Eg+E wj A
A 6A17F ZoF vjksl & B3z A X A ] A5l
B-galactosidase®] LA FS ST 47, JEpol=o 9
3k g2 #AEd v, OVA-pulsed DColl 93+ 33
Lo Wsle s ofg FE=ERE YERSithFig. 1B).
T3, EG7-OVAE freeze-thawingS 13] 83} WE
IYAES 2 119 B E 24A)7F B¢ 3w st

B-galactosidase activity (OD,s)

m [

OVA  OVA- puige
Lipofectin

BM-DC

Figure 2. Presentation of OVA peptides on MHC class I
molecules in BM-DC pulsed with OVA or OVA-Lipofectin
complexes. BM-DC (1x 10°) were incubated with 1 mg/ml of
OVA mixed with 10ug/ml of Lipofectin. After 6 h, they were
washed and co-cultured for 16 h with B3Z cells. Response of
B3Z cells was determined as in legend to Fig. 1. Lipofectin was
mixed with OVA in Opt-MEM, and incubated for 20 min at
RT.
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T AAbeke Aoz A E U

OVA-Lipofectind] ¢]3 X AM X FAAA 58
24, 9|3 huil A g1 9] cross-presentation & -8-3 FFA}

A1 717] 9138k B 0. 2 OVA-lipofectin E-3HA] & o] &3}
o] OVA @ AS FAFANE U2 stz she 4
95 335Ut Lipofecting o] &4 A HAEH F2
plasmid DNAE A|X Y2 AEs=d A"t OVA
ol d - OVA-lipofectin B34, 12]31 OVA peptideZ
pulse A 71 SR 4AEE B3Z A E9 A wjUtste] &
AAA LO‘E:IQ. =43 23, OVA chul 2.5 pulse‘o‘]- T4
AFA| o) vl & OVA-lipofectin ii}xﬂ = pulsedt A4
A7} MHC class I E4}o] OVA 39S A A8t 54
o] A3 o Eoe= AS ¢ F UAhFg 2).
OVA-Lipofectin A& o] &3 53 XA
¥ g9 AA 58 4. OVA-lipofectin £ 3] = o]
0}04 5T FAGAE LHE OVAE Hgste 49
FetAth. FAGFAEE LPS S CD40L 2 x}
o 93l A< (mature) “FE) L] AEZ H3lE
St FAGA L= Ao MHC #4-2} co-stlmulauon
o] o] Frkste] T MEE AfH o= &3}
Z 4 Ak 2y, v A S (immature) GA]3A E )
H]3) phagocytic 5] THAEE Ao Uth OVA-
lipofectin E-3HA| o]l o]gk gFAAGo] FAFAE Y pha-
gocytic 5ol oA FEFS W= dolry] Y A

l ME ox I rul
X

A, 6~74 F FAGHELE LPS (1pg/ml)7 H7HE Hl
%

0.87

EER BM-DC See

=3 LPS stimulated BM-DC
0.6 =
0.4
0.2
s A

Medium OVA Lipofectin OVA- Peptide

Lipofectin

Figure 3. Presentation of OVA peptide on MHC class I molecules in LPS-stimulated BM-DC. (A) BM-DC were stimulated with LPS
(1pg/ml) for 24 h. After incubation, culture supernatants were collected, and then subjected to mIL-12 p70 ELISA. (B) Stimulated
or non-stimulated BM-DC were incubated with OVA protein (1 mg/ml), OVA peptide (5pg/ml), Lipofectin (10pg/ml) or
OVA-Lipofectin complex. After 6 h, they were washed and co-cultured for 16 h with B3Z cells. Response of B3Z cells was determined
as in legend to Fig. 1. *p<0.05, **p<0.01 (compared with medium w/o LPS).
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Figure 4. Effect of brefeldin A on antigen presentation by MHC class I molecules in BM-DC. BM-DC (A) or DC2.4 cells (B) were
pretreated with 0.5~ 10ug/ml brefeldin A or medium alone (control) followed by the addition of OVA (1 mg/ml) mixed with lipofectin
(10ug/ml)(A and B) or OVA peptide (51g/ml)(B), and incubated for 6 h. After 6 h, they were co-cultured with B3Z cells. *p <0.05,

*%p<0.01 (compared with medium w/o brefeldin A).

Aol A 24X 7F FoF v dEte] ALdt SR AAA LR
3E fr 0}051\:} gurygoz A
A

A, FAIAE HH ok—ﬂ We] IL-12 Ale| E7FQ1S] & AL
o] E7}¢1 ELISAE ©]-8&3t9 &3 Az} LPS| &3l A
Se FAFANE FEES FAstATHFig. 3A).
Ae e vAds e 2% ﬂ:ﬁoﬂ OVA-lipofec-
tin 5 A E pulse A|Z1 AT} v]Ad5gh FAFA A H]
3 s FAGAE 93 B3Z /‘ﬂ_-_/] g4=7 d
oARE I & AATH(Fig. 3B). ©] A= &S
A 7¢A| ] phagocytic 58 o] H]/Ad<s ALl Bl&| Aol
o= iy A oz AEH, o] @42 o
2702 ARG JEtol= e o3 T AlE &3}
o] oMz FUHoz ofstA #AHUT. A
S 2 OVA-lipofectin B34l 23 OVAY] ME W A<
o] M3E¢] phagocytosis & ol webA FES WS
Ate A HAFAh
Brefeldin A% 3 XA XY FAAA 58 JA.
MHC class I 449l AAHE UL FAFAE EE
APCY| Al Yol AHH M= 144?“"4 o2 HYH
TS o)A o= MHC class I &9 thAlzg S A A
doju= datolt). Brefeldin A= M EZ HolA g%
g do] A XA (ER; endoplasmic reticulum)} = X] A
(Golgi complex)& AAA AX go 2 EEFH & S
A5t EZEMN, MHC class I A A S A 4
RE =HE 4R Aok webA brefeldin AS 0149“0}04

4

OVA-lipofectin complex-pulsed F=A|/FMEZ ] EUAA|
sgo] Hgtd F deA Ee A4FS FIATH

Brefeldin A (0~ 10ug/ml)7} 715 o] & v Aol A

307 vl 3t =R GAE] OVA-lipofectin 2341 S
pulsedt § B3Z AX9 SAEE SHAth AF 27
7149 brefeldin A9 X0l B#| 3} B3Z celle] SAE
7} ZHdt g oM, brefeldin A7} H71E A G%S W E 7]
Zgi 10ug/mi7} A7 3% ¢k 50% A% ZAAHAS

S #AHAGFg 4A). FAGAEY 54 AYs
DCZ4 AEFE ST AFAAE FASE AFE IS

Ir

|

T AA=, HEol= A Aol oejgt H ko]
Ao #ZEA FRom, OVA TdS Xt 75
9k brefeldin Aol 9|3t AAg A EHE HET 5
ATHFig. 4B). wEtA], OVA-lipofectin &30l 23|
OVA @i o] 2 4AE 2 A, ojufe 3
Z 9] MHC class I A E FZE 5314 OVA d%19]

ANETGE As & 7 AN
FRZAEA 3 FFY zﬂﬁﬂr 274, OVA-lipofectin
complex pulsed DCOl| 2|3+ OVAZ E-0] %< F4FFA|
a5 F13t7] #1314 tumor challenge S 433}
At

6~83F% C57BL/6 P}--2~0 Z}7} PBS, 44| A4HA| E (1%
10° cells/mice), OVA ¥ & pulsed DC, lipofectin pulsed
DC, 2133 OVA-lipofectin pulsed DCE 3 3}FA}5FS
ok Al Fo 59 F 22 A9 EGT-OVA YA E
(1x10° cells/mice)S 3] 8tFAM8Igl o, Fof 59 Fi
B °F 59 Z_}EQE 3F FYY A7E SA& A
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Figure 5. Inhibition of tumor growth by immunization with OVA-lipofectin pulsed BM-DC. C57BL/ 6 mice were subcutaneously
immunized with 1X106 DC pulsed with OVA-lipofectin, OVA, or lipofectin. 5 days later, 1x10° EG7-OVA tumor cells were
subcutaneously inoculated into left flank. (A) Tumor size was evaluated in two perpendicular dimensions with vernier calipers on day
21 after tumor inoculation. The numbers indicate the ratio of tumor-free mice to treated mice. Each group consisted of five mice.
The horizontal line indicates median level of tumor size. EL4 tumor cells were also inoculated into mice immunized with OVA-lipofectin
pulsed DC (1x10%. Tumor size was evaluated on day 14 (insert). *p<0.01 (compared with PBS control, DC alone or EL4 inoculation).
(B) Survival curve of EG7-OVA-bearing mice vaccinated with either DC or different forms of antigen-pulsed DC.
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