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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, immunizaton using DC loaded with tumor-associated anti-
gens (TAAs) is a powetful method of inducing anti-tumor immunity. For induction of
effective antitumor immunity, antigens should be efficiently introduced into DC and
presented on MHC class I molecules at high levels to activate antigen-specific CD8
T cells. We have been exploring methods for loading exogenous antigens into APC with
high efficiency of Ag presentation. In this study, we tested the effect of the cationic
liposome (Lipofectin) for transferring and loading exogenous model antigen (OVA
protein) into BM-DC. Methods: Bone marrow-detived 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 [-galactosidase induced by TCR stimulation, was
determined by an enzymatic assay using /-gal assay system. C57BL/G 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 complexes-
pulsed DC pretreated with an inhibitor of MHC class I-mediated antigen presentation,
brefeldin A, showed reduced ability in presenting OVA peptide on their surface MHC
class T molecules. Finally, immunization of OVA-Lipofectin complexes-pulsed DC pro-
tected mice against subsequent tumor challenge. Conclusion: Our data provide evidence
that antigen-loading into DC using Lipofectin can promote MHC class 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)
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anti-tumor immunity
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AEF. B Ao AL5 EL4 (Murine thymoma cell
line; American Type Culture Collection (ATCC), Rockville,
MD), EG7-OVA (H-2b-OVA-transfectant of EL-4; ATCC)
9) A|3EF+ L-glutamine (2 mM), penicillin (100 U/ml),
streptomycin (100 rg/ml), HEPES (10 mM)9} 10% fetal
bovine serum (FBS; Gibco BRL, Grand Island, NY)°] 7}
%} RPMI 1640 (Sigma, St. Louis, MO) uljekaio 2 59
CO7} A& 37°C w70l A wiekstie}. B3Z (T
cell hybridoma) A|EF(10)= FEdgtw kagdho)| A
Ag o, FAEFe} FU ZANA s 5
it} DC2.4 A)EF+= Harvard Medical School?] K. Rock
AL A A S é;&t}(lll

AdlsE. TEAYE L WA 79 o] 81(Specific path-
ogen-free, SPF) Z 7] o) 4] /‘]-—nrﬂ 6~83% <7 C57BL/6
(Dachan Bio-Link, Umsong, Korea)& o] &3} 0w, A&
S AFAAdA HEE A5 & AFEA 4HA
A, A7 ez A5 ] Agsld

5 Tl FAZAELY vk vlex FFAEER
1 33t 2 Al FALAIEY uFL Inaba 59
g o] &8l iek(12). vk diE B A F S Eele)
3L, A7)0l ©71 RPMI 1640 A & Ao] T8 2
3t % red blood cell lysing buffer (Sigma)E o] &3}o] A
75 AAsIE FTALE R el 24
A Eell hybridoma A|E skl o 2 o] FolZ hx ¢t
S8 5 mig M7Vl 4°Coll A 3087 uljokste] Z<A)
ZE A9JE B AIE, T AlE, 2ol Al Al £(Natural
killer cell), THA} A3 (Macrophage) Sol] 344 S A3HA A,
tH(Table 1). RPMI 1640 s§A) 2 28 A& 3k & 10 ml ra-
bbit complement (Low-Tox-M, Cedarlane, Ontario, Canada)
£ A7}slo] 37°Coll Al 1A 7k £t wlekslo] A7) A gt
Sl gl AESE st Aol ALE 2ol
317] Ysto] HAE A 2g AlZE 3 mlE 5 mle] Histopa-
que 1077 (Sigma)el] 4 7}sted 1,700 rpm o 2 308 Zol
QAR STk AT AAD F5fo AT
2 5 AEAFE T 5x10° cellsymlS 24 well plated]]
RZ3to] 5% CO} FASE 37C wjabrlolA] slopel
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Table 1. Clone names and characteristics of hybridoma cell lines used for BM-DC preparation.

Name Target antigen Source Isotype ATCC code
J15.10 Anti-Thy 1.2 Rat IeM TIB-184
GK1.5 Ant-CD4 (L3T4) Rat IgM TIB-207
3.168 Anti-CD8 Rat IgM Unknown
RA3-3A1 Mouse B cell surface glycoprotein B220 (CD45) Rat IgM TIB-146
J11d Anti-mouse B and T cell Rat IgG TIB-183
M5/114 Anti-I-A* and T-E** Rat IgGay TIB-120
T4/80 Anti-mouse macrophage Rat IgG HB-198

gAck. i Foll AH-g-= vl 2= 10% RPMI 164001 2] 44| sk ot

Z B3-FE QA2 recombinant mouse granulocyte-ma-
crophage colony-stimulation factor (rmGM-CSF; Endogen,
Woburn, MN)$} interleukin-4 (rmIL-4; Endogen)& Z+7+
10 ng/ml A 7ysto] A-g3lgich. vk 294, vhetol] F%
ol 9A 2 AL wiRzt A AAstE N2
A& o], 494, 2 =o] UA ok AEE 3]
Fato] 5x10° cells/ml FEZ H-Fsto] wloksiict. wl
% 6~720 FA5I0l A Bk AEE B5oto] Eal
Qe DAY E, SALAEY 45 S FE]
Aste] 6~TUA, TAZAEE 1 pg/mle] LPS (Sigma)
7t £l A GA 2447 Bt wi sl gt

FA A Lol OVA 9] A2, K Aol Adtste
OVA iz S-al9] peptide (SIINFEKL; Peptron, Dae-
jeon, Korea)(13)$} chicken ovalbumin (OVA; Sigma) -4
A& 7+ 0~ 10 pg/mls} 1 mimle] FE2 6| 3
g TR FA Lol A& F 37°C w7l A 6417 5t
vlok3lgicl. EG7-OVA A|EF2] I A= freeze-thawing
uh-S o] 519t} EG7-OVA (2~4 X 1092 RPMI 1640
w F8A ul A (serum-free media)ol] P32 BHALE
o §310] WER 3 37C S22 ol fotol F4el AlE
sisleh. 2~38) 4% ¥ rypan blue FAWZ AAE
grelstgiet. 2~4x 10°709) I A2} 1x10°709) F2)4
AEE 37°C G714 2447 5 wloFstgict.
OVA-Lipofectin 53} 2] & o] 23 OVA 3442 N-(1-
(2,3-dioleyloxy)propyl)-N, N, N-trimethylamminium chlori-
de (DOTMA)2} dioleoyl phosphatidyethanol amine (DO
PE)& TAH Lipofectin'™ (Life Technologies, Gaithers-
burg, MD) 10 zg/ml€} 1 mg/ml OVA sHiA 8- | ml®) op-
ti-MEM (Life Technologies)& o] &3}e] 4o]& 3 208
7+ A&olA wAs . FRAAEAX 1% | mlg
OVA-Lipofectin E-3+4) 5 A 7}s}od 37°C uljek7] ol A] 64]
7k b kit Bgt, A A Eoll 4 9] MHC class
1 pathway9}e] THA)E Aldsl7] A brefeldin A
(Sigma) 1~10 pzg/mlE- 3087t w8l Aelal& T OVA-
Lipofectin £-¢tA|9} $HA] 37°C ulek7]ol|A] 6417 E<l

B3Z A|X9 FA % =4, B3Z AL OVA #Eelo] =0
Eo]A ol TAHE (CD8" T cell) hybridomaZ 4] TCRol| ¢
3l A s ol Eo|Hog WS E NF-AT-lacZ re-
porter vector® AA3E FAEFE OVAK® 27+
Co] BolHal AEEA T AE ko] B 4]
FFo]h(10).

B3Z cell #A =& TCRE 53 ASAZE 4451
B3Z A|E7} AAslE B-galactosidase?] WAE S}
a2} sk} o] & 98l B-galactosidase Enzyme Assay
System (Promega, Mannheim, Germany)$- o] 83t §4¢]
24 53 270| o] Fol 2tk 42 AEE RPMI 1640
o 23] A3 T, 1x10° cells/100 p12) FAAN LS
96 well round-bottomed microtiter plateo]] E-8}37, 2 X
10° cells/100 x19] B3Z A|ELE EF3sled 37°C k7)ol
16A1 7} 21 37 wljokslgich. B3Z A5 1.5 ml tubeol]
3)4sto] PBSE 28] A & [ xreporter lysis buffer
(Promega) 25 « 14 g 7}slo] HESE 3 4°Col] 208-7F ¥
z)stG e}, 4°Coll A 12,000 rpm o & 557+ YA Halslo]
Ab2=0 2 96-well Nunc-Immuno™ Modules (Nunc, Roskil-
de, Denmark)el] 5339}, 2 X Assay buffer (Promega)
£ 25 ml¥ HrtalE $ 37°Col Whxlslgit. 307 ~34]
7} ol Emax precision microplate reader (Molecular De-
vices, Sunnyvale, CA)E o]-&3}o] O.D. 405 nmell A &3
52 2390
u}-$-A IL-12 cytokine &4, v}-9-2= 5 fa9 FA%
AZ vkl Wol] gl IL-12 cytokine %2 F7317] #
)01 mouse IL-12 Custom ELISA Development Systems
(Endogen)g A+-&3}191th. PBSoll §-3ll%]o] 91+ anti-mou-
se IL-12 coating monoclonal antibody (3 xg/ml)E 96-well
Nunc-Immuno™ Modulesol] 100 14 £-F3F 3 25°Col| 4]
%4 59 x5k it Coating -§-242 A AL assay
solution (PBS with 4% bovine serum albumin (Sigma), pH
72~74)& 20014 Hrlste] 2R7F FF A4
blockings}¢ith. PBS-TE 3¥] A% &t & A 5.9} standard
£ assay solutionel] =<1 & 50 x1% wellol] g7}sto] 14]
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v F A2ellA wAs et 05 ng/ml FE9) biotin-
labeled anti-IL-12 detecting monoclonal antibody (50 )&
wellol] H7}ate] 12 7F Ft Aol Whx|stsict. 38 Al
% % horseradish peroxidase (HRP)-conjugated strepto-
aviding- assay solution® & 1 : 8,000 vl-& = 3] A3} LN
£ 100 48 wellol] H7lslgdc) 308 £ 33 AHsla,
TMB substrate solution (Endogen)& 100 1% wellol] A7}
shgleh. ek 15~2080] 2 T H,S0, (2.5 N) 100 ] 4
A7ksla OD. 450 nmoll A FHEE A3
AYE v}$-AE o] &3 tumor challenge. 2 A4
Z OVA, Lipofectin, 78] 3 OVA-lipofectin 2347} =
AT BiA ol A 6A17F FoF wlj ket ¥ F]Grelo] 685
2 C57BL/6 n}-$-29] B o) ua}Z A (s.c; 1 X 10%mice)
319t 59 3 wljoks EL-4 A|E = EG7-OVA A|E
(1x 10%mice) S v}-$-229] 22 9ol 3|} FAeto] &
o] WAL= slglom, 5U FHE] o 2~59 7HH o
225 3 B £ 201 A 5
9] A7 Mye] AEHALE o] &sle] 729 H2E
SA% F I A% Tt s Al W g o) &
shelet
EAEA 2 E A mean+SER 839l o, X7
T7He] EAA 24 Student’s rtestE o] &sko] 1A
gk Aeld Ate p<0.05Y o FAIH 2§93t
cha gl
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ZFollA fElst FFA Tl Ao EFIRIE Helslo] F
3}E FES TEolAE EF Fill FAZAEZE o
3t b2 EF A FAMEZE L A £
A0l MHC class [Z} 11 245 A £3 o] =A) welsla
gow, Bzx=S BAHCD0F} CD86), A &A1 £2] Al
S A Gl Fofel= EAHCD40), 18]l adhesion H-A};
(CD54)7} =A] HasEE Aeg dafx dekl). =3
CDllc #AHE HolH o & Wasledl, o] TH ¥4+
ETA FAZALY FAAZ F2 o] &Hch Agd
AL FAAAZE B4 A3 CD11c, MHC class 11,
CD40, CD80 (B7.1)3} CD86 (B7.2)S =A| wdsla gl
o], uoksl A Z7} AN B & Aes B s
AL AU 9SS #els)9rHdata not shown)(14).

A AN L9 8¢ Al A (antigen-presentation) 5
A. EG7-OVA A £F+ EL-4 thymoma Al E.32¢]| chicken
©] OVA x-S sl £ 5 yhEo] %l AL F0]th20).
wWeha, OVA 391 hide] meA e 2k Yel
o] &5 31 9t} B3], K typeol] sldsl= MHC class 1 &
Zbel] o}sl] AR OVAL) 3144 peptide (SIINFEKL)7}
] A ek (13). 1A, 6~7U47F wkgt A4
A EZZ 0~5 pug/mle] OVA peptide7} E3H= vl 2|0l A 6
A|7F < wioket 3 B3Z A9} &7 16417 E3F mlokst
o] [ -galactosidase®] Wr#-S F45(0D 405)% o] &3}
o A% A7 Hqetol= Y T JEHLE f-gala-
ctosidase®] W&l o] Z7HE-& HUE T UATHEFg. 1A). A
g3t sletol = kol 5pgml o) FollA & EFEA T
A Ee] FAZ77F HAE A oEskel. 12u, OVA g
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Figure 1. Presentation of OVA peptide on MHC class I molecules in BM-DC. (A) BM-DC (1 X 105) were incubated with the indicated
amount of OVA peptide for 6 h, washed, and then cocultured for 16 h with a T-cell hybridoma, B3Z cells (2X10”/well), which
exptress [-galactosidase upon recognition of the OVA peptde, SIINFEKL, complexed with the H-2K® molecule. The amount of -
galactosidase expressed in B3Z cells was determined by an enzymatic assay using [-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

(5 p#g/ml) for 6 h.
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Z(1 mg/ml) == OVA peptide (5 pg/ml)7} E&+5 ul] ]
olA 6417 b wiggE F B3Z AlE9} 3 uljokslo]
B-galactosidase 2] WA F-g FA 3 74, selo] =0 2
gk 242 2l b ell, OVA-pulsed DCol| 23+ &3
£9 W3k vigkel R FEET vehdrhFg 1B),
EZh, EGT-OVAE freeze-thawingS 13) 4-3)3)0] WlE
FAAEE 21,4119 v E 247 FF A uljoka]

N e e =
= 2N % >
) ) " 1
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Figure 2. Presentation of OVA peptides on MHC class 1
molecules in BM-DC pulsed with OVA or OVA-Lipofectin
complexes. BM-DC (1 XlOJ) were incubated with 1 mg/ml of
OVA mixed with 10 z#zg/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 Opti-MEM, and incubated for 20 min at
RT.
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o] OVA A S A ZAE N E ADstazt she A
A& T8k Lipofecting ko] 24 AAZH F2
plasmid DNAE A% W& Adsl=d AL OVA
oA OVA-lipofectin 5-¢H4)], 18|32 OVA peptideE:
pulse X171 FAAANEZ B3Z A E8} 37| wlloksto] 3}
HANA 85 S48 27, OVA el A& pulsedt 54
AHA o] v 8l OVA-lipofectin E-3H4|E pulsedt 24
A ZE7} MHC class 1 £2}ol] OVA 8918 AR e}= 53
o] HA3] ¥ EFvhv AL & T UNHFg. 2).
OVA-Lipofectin -5 Aol 28 A58 FAFA
29 39 AA 54 =4. OVA-lipofectin 3| & o]
3t s FAGAE HE OVAE Adsle A9
< T3t FAZAEE LPS -2 CD40L 22 A}
Soll Azl A <(mature) Fee] AZZ E3Hd 4 Qlrt
A &8t FAANEE o] MHC H-212) co-stimulation
gAte] o] Zrlsle] T AEE HAHoz P43
Al 4 gldk. 2@y, w4 < (immature) A A Eol]
H]3] phagocytic 5#o] ZHAFE EAo] 9t OVA-
lipofectin E-gFA|ol] &J3t A7 Fo] XA £ pha-
gocytic 5Holl oA Jgfg WA Lolr | 3 =
A, 6~792 H FALAZE LPS (1 pg/ml)7} 47}5 ul
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Figure 3. Presentation of OVA peptide on MHC class I molecules in LPS-stimulated BM-DC. (A) BM-DC were stimulated with LPS
(1 pg/ml) for 24 h. After incubation, culture supernatants were collected, and then subjected to mIL-12 p70 ELISA. (B) Stmulated
or non-stimulated BM-DC were incubated with OVA protein (I mg/ml), OVA peptide (5 pg/ml), Lipofectin (10 ug/ml) ot
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 ~10 pzg/ml brefeldin A or medium alone (control) followed by the addition of OVA (1 mg/ml) mixed with lipofectin
(10 pg/ml)(A and B) or OVA peptide (5 #g/ml)(B), and incubated for 6 h. After 6 h, they wete co-cultuted with B3Z cells. *p <0.05,

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

Aol A 24X 7F Fb wigste] &gt FAGAERY
282 fEdlslh QIR A5% FALALE
IL- 12 Ao E71el & Bu|3le o2 4&A Ut vt
A, FAAAE ool el IL-12 Aol £7119) & 4
o] £7}Q] ELISAE- o] &-3lo] Z7 ¢ 23} LPSol| ) 4
S8 FALALI) $E0E SalskichFe 3A).
H% m vl4% Aele] A 4A Zll OVA-lipofec-
tin 232 pulse A7) Ak v) % S A ol v
3 At A A Fel o3 B3Z Alxo] E4%E0 9
o)A #% & eichFig 38). o] At A48 &
A GA L] phagocytic 5 H o] w4 s A|Eof| vlal 4rH
Hog Fasol 47 V4o A2H6, of 4L o)
Z2To2 AE3 setolt gl 23k T AE 843}
o ASAE oAz el BEeh A3
© 2 OVA-lipofectin 5-3-ol] 2]k OVAS] A% W] AF
o] AZE2] phagocytosis 5ol whebA] AgFS g F
Aok AF HodFHd
Brefeldin Aol] 2]3t A GA| 9] FUA A 54 4.
MHC class 1 £2}ol] AR 5= L FAAANE £
APCS] ALE Woll 4 ARH AE WAA oz
S 0] AW o] MHC class I €+ 9] thATA-E A A
Jojub= o)t} Brefeldin A= A ZA Wol|4] A H
glul o] A FA|(ER; endoplasmic reticulum)Q} 4]
(Golgi complex)& AXA AE gto g FE5e &
AAsE 22 EH, MHC class I AT & JAS
U TAE G A glct whebA brefeldin AE ©]-§-3}0]
OVA-lipofectin complex-pulsed TR|AHA|E 2] B} A A]
Seo] WE 4 gEA wE AYe Sanddh
Brefeldin A (0~ 10 ug/ml)7} 7k5]0] QI wiA ol 4]

3087F uljekdl A A Eol OVA-lipofectin 5314 &
pulsedt ¥ B3Z A9 BAEE A3 AdAY
2 7}5 brefeldin A2 5%l v]ajslo] B3Z cell®] A E
7} 7+ 4319) o, brefeldin A7} 47} =E A ¢Eb-& Wl 7]
FO2 10 pg/mlr}t H7HE 7§ oF 50% B = FHAFHU S
& B HFig. 4A). FAGAEY] EAS AU
DC24 AEFE AE8 AN E A AHE A&
T A9 ¥, slelo] = o] B Soll= ol gt Hdkol
A #aE A gEgtor, OVA vhl A S X 2|8k 7 9ol
ot brefeldin Aol &J3 AAG AAxF}E HET 5 3
QA chFig. 4B). ule}A], OVA-lipofectin £330l 2J3l
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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 wete
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. Fach group consisted of five mice.
The hotizontal line indicates median level of tumor size. EL-4 tumor cells wete also inoculated into mice immunized with OVA-lipofectin
pulsed DC (1 X 10(’). Tumor size was evaluated on day 14 (insert). *p <0.01 (compared with PBS control, DC alone or EL-4 inoculation).
(B) Sutvival curve of EG7-OVA-beating mice vaccinated with either DC or different forms of antigen-pulsed DC.
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