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Mouse Dendritic Cells

Fholl ) fAR BHs S4BT Aol A
IL-12 £ &

Ae-Yung Kim, Sun Park, Hyung-ll Kim, Jung-Koo Youn
and Millina Lee
Zofe - gt M- ZHY - 8HF - olojay

Department of Microbiology, Ajou University School of Medicine,
Suwon, Korea

OFECHBEI M o|2jCist ojAE2etmAl

Dendritic cells (DCs) are the most potent antigen presenting cells that can activate
naive T cells. Mature DCs exress high levels of MHC and costimulatory molecules
on their surface and have capacity to produce IL-12, a 75 kDa heterodimeric
cytokine composed of p35 and p40 subunit. IL-12 is currently thought to be one of
most critical determinants for skewing the immune response towards Th1. Expression
of IL-12 in dendritic cells seems to be regulated by various stimuli including CD40L.
In the present study we investigated expression of IL-12 in mature DCs, which were
cultured from bone marrow ceils in the presence of GM-CSF. Maturity of the DCs was
confirmed by morphologic characteristics, immunophenotypes, and allostimulatory
activities. Exprssion levels of IL-12 p40 in the DCs were measured by semi-quantitative
RT-PCR. Increases in IL-12 p40 expression were observed after treatment with
lipopolysaccharide (LPS), an anti-MHC class || monoclonal antibody, or an anti-CD40
monoclonal antibody. The most remarkable increases, however, were observed in the
DCs treated with an anti-CD40 monoclonal antibody. These results support a previous
notion that signals through CD40/CD40L interaction may be important for the
production of IL-12 by DCs. Moreover, results of this study show a possibility of using
monoclonal antibodies against CD40 molecules for preparing DCs producing high
amount of IL-12, which can be used for anti-tumor or anti-viral immunoctherapy.
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83ttn & F Uk FAETIAEAAMY IL-12 Yt
2 o2 24 o3 2AHE + Y} & 9, CD40L
£ IL-12 A48 233 whd, IL-10, prostaglandin E2,
glucocorticoid 5-& IL-12 AH2- oA vt B s Aok
&% B d o= C57BL6 no-x ZF4HzHE B3
FET FAE/AEE ddez LPS, anti-MHC class
I, 28] 3 anti-CD40 SZ 23 A7} IL-12 p40 mRNA &
ol M= 9F& RAF .
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ok 6 W=] 8 2o 4A C57BL6 wl$-~9] & T3
AEERE IFAZE U AE T L8 &3 (Tris-
buffered ammonium chioride; 90 ml of 0.16 M NH4Cl, 10
mi of 0.17 M Tris, pH 7.2)& X2 & &, Az 7o} |-AP gk
AAEE A A7 8l FFA X GE23H £
{63-6.72 (anti-CD8, ATCC TIB105), GK1.5 (anti-CD4,
ATCC TIB207), RA3-3A1/6.1 (anti-B220, ATCC TIB46),
B21-2 (anti-I-A°¢, ATCC TIB229)]& 4T 4] 30 £3F X
2] 3k 3 H i (guinea pig serum: Serotec, Oxford, UK)&
37T F2FZA 40 B A2t GM-CSF (Pep-
rotech, London, UK) 20 ng/m! (100 U/ml)o] &+ ujj ok
Al (RPMI 1640, $-ejo} A 10%, 100 1U/mi penicillin,
100 pg/ml streptomycin, 2 mM L-glutamine, 10 mM
HEPES (Gibco BRL, Grand Island, NY, USA), 50 uM 2-
mercaptoethanol)ol] 248 4 M (1x 105%wel)E 24
well culture plate (Costar, Cambridge, MA, USA)ell A s}
Fach. ol & WH LR W F plateE F=HA EE]
F F 71E9 wA 750 plE MAST A ¥lA} 750 wE
A9 FRAen vk 8 YA ol iR Yol v e AEgt
Z Aol 2 U3 o] wiFaA Tt A2A dniBE & 5o
g dAEE e e, A X goj] AP, 28]
I aAF= 5 AFstgen HA Hu|Fez A&
FREZNN 2] Bl & =AVEA

THUESIIHEZY BEHYE =A

HoF O WA 10 A Aozl Al Eo FITCIE A s o]
Qe GEFE g4 (anti-CD8O, anti-CD3e, anti-CD4, anti-
CD40; PharMingen, San Diego, CA, USA)E 713l
4celr 30 B3 d43AY, FFEA o) [anti-l-
AP (ATCC TIB229), anti-F4/80 (ATCC HB198), anti-CD
11b (ATCC TIB128), anti-B220 (ATCC TiB46)]& A 7}s}
o] 4TolA 30 B3t & 3 FITCY PEZL A%E antirat
IigM =& antirat IgG o1 x}8A S A 713t 4CdA 30
B2t 498} Paraformaldehyde® 143 5 M %
BM 71 (FACS Vantage; Beckton Dickinson, USA)E o]
23t £431
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Mixed Lymphocyte Reaction

FRAENAE T HEF AF5E A 93, 8
YA 12 F3 2] 43 BALB/c wl-$-22] ¥|AAEZ nylon
wool columng ERAIA 4 T F=F (1x10%well)el
C57BL/6 v}$ 2 ZHANE2HE dojA $AEI|NTE
welld 1x10, 1x10% 1x10% 1x10% 1x10° §¥ 96
well flat-bottomed culture plated] ¥ 11 37C A k7]
ol A wierst ¥, wkg-M Xo] 354]-& BrdU incorporation
assay kit (Amersham, Arlington Heights, IL, USA)Z 23
St &, 72 A|1ZE Bt vl A X Brdu
labelling &9 (10 uM/well)& WolF 3, t}A] 24 A 2t5E
¢t wiFE F, P A M Eo| peroxidasert AFH
anti-BrdU 89-& Hrlsle A 204 2 A 75 vHgA]
Atk 71 ATMB (3,3'5,5-tetra-methyl  benzidine)&
A7bele wrAo] doj}d 1 M sulphuric acid® ¥k-8--2
AR A7) F ELISA reader (E max; Molecular Device,
USA)E o] &3l 450 nmoll M F3 =& 23 &t}

IL-12 8= TA}

FREZNANEY IL-12 B85S 2ALE7] 18 24 well
culture plateo] 10% $-elo} Aol ¥3+E RPMI 1640
A 1 miE RGA7 7x10° /e A5 7| M Ed LPS
(Sigma, Saint Louis, MO, USA), anti-mouse MHC class
lI/-AP4 (B21-2 ATCC TIB229), anti-mouse CD40 (MH 40.3;
PharMingen, San Diego, CA, USA)Z z+z} A5t & 37¢C
g7l M 6 A2 F2 20 AIZHESQE vl ekEk o). Anti-
MHC class Il 2 & &) vjtd e H 2% 57} 1.5, anti-
CD40 &#Z& &A1& 5 ug/ml, 28l3 LPSE 1 ug/mig]
FEZ ARl Acid guanidinium thiocyanate phenol
chloroform extraction’-& o] &3le] 9.2 03~05 pgel
RNAZ 50 mM Tris-HCI (pH 8.3), 75 mM KCI, 3 mM
MgClz, 10 pug/mi oligo (dT)12-18, 10 mM dithiothreitol, 0.5
mM dNTP, 2 Ujul RNase inhibitor (Gibco BRL, Grand
Island, NY, USA), 0.1 mg/ml bovine serum albumin, 25 U
Superscript RNaseH-reverse transcriptase (Gibco BRL,
Grand Island, NY, USA)e] ¥3tel SA-AMgdo A 37,
1At ESE WAl AH cDNAZ %%13}. z}zko]l cDNAE
DEPCIl Meld F/FE H7iste AuldPols 23
H 5=z g F -200d RHsigch a4 A4
€ (polymerase chain reaction; PCR)e] 8o 2 1: 1, 1:
5, 1: 25 3433 cDNA 20 W& Algslg o £ vey
o] 50 w7t = A PCR ®k&9 (1.5 mM MgCl., PCR
buffer, 0.2 mM dNTP, 200 ng9] IL-12 32 HPRT)} o g
5' primerg} 3' primer, 2.5 U Taq polymerase (Gibco BRL,
Grand Island, NY, USA)& ¥E F thermal cycler
(GeneAmp PCR system 2400; Perkin Elmer, Branchburg,
USAYE ©]-&3tle PCRE F38tsich #A 95ToA 5
B T3 94 A 45 %3t denaturation, 60T oA 45
232t annealing, 72794 45%7F DNA extensionA] 7] =
4L IL-12%= 30 cycle, HPRT: 28 cycle & & uwhgo]
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By 72¢oA A 7 B3 {2189 201 A PCR ALE &
1.5% agarose geldl] A719% 3% % ethidium bromide®
dAste] DNAZS g3tgict. Zhzte] primerell digh
sequenceyx t}-&3 -t} IL-12 p40 §' primer: ATGGCC-
ATATGGGAGCTGGAG, 3' primer: TTTGGTGCTTCACA-
CTTCAGG (PCR AFE9] =7}; 335 bp), HPRT 5' primer:
GTAATGATCAGTCAACGGGGGAC, 3' primer: CCAGC-
AAGCTTGCAACCTTAACCA (PCR AH&2] =7]; 214 bp).

2
SAETIMEel YeisHel §7

ok 2 YA RE GM-CSFel] 883l A EEe] Jol
A& FA3 F237] ARt e wF e A 7Y
AR FA oM T2 AEe dolgrt wiF 7
o] AYEA wix] W2 sy "ol dor] Azt
A1, o] F 4dEE HEEH 78 71 FAE7A
o & vetych Mg 8 AL HE L9 A

Eo] #jx] W= FH3E e, W 2 A 10 dAe
Aol RE AT Eo] AXEH o8 Wgoz W F
719} veilg 7173, AYAQJ A& FAEVIAREY A S
Bt} (Figure 1). ol &€ ARGV Z oz BFF A
AT BAZEE o8 dgoz Wolx Yzt 718 7
2 AZRH HE FAEIAE e E §AE + 3l
3¢} (Figure 2).

Ma SMET Mz EHY

9 WA 10 Y3t wiF3t Ao A7 T BE
L FATENINE o) §35te AR 90+5% 3
% 9] A X7} MHC class Il {I-AP), CD11b (Mac-1), CD80
(B7-1), 28l3 CD40E #&83tx %13, CD4, CD3ed
e TEZT BA, B2203 22 B =+ ¥4, 1281
F4/803} & A £ EX) & 5% v|eke] Al EE o]

TS5um

J o1} (Figure 3).
A2 M Z 2] allostimulatory activity 2 X

FREVNAZY T HEZT AF5E A7 9349,
nylon wool column-& £3A]7] BALB/c u}-+22] T =
T (1x10°%well)& A}-&3ld mixed lymphocyte reaction
£ NBEH} g 2A X2 AL E C57BL6 vl H]
BAEG ¥ ZEUE o, FREVAEE HEAEY 1/
100 A, & 1x10%7]9] $2 AF3dx FHHF T LT
A< F=3A T (Figure 4).

RT-PCRZ 0|2% IL-129] B8 &

FAEIAEE LPS, anti-MHC class II, 28] 32 anti-
CD40 G E& N2 6 Al & 20 AT AFF F RT-
PCRE 433la] IL-12 p40 mRNAS] B8 AL & ZA}s)
Ao} v Q2T % IL-12 p40 mRNAS] & o] &

Figure 1. Phase contrast microscopy of dendritic
cells: Bone marrow-derived dendritic cells were cul-
tured in the complete medium supplemented with 20
ng/ml of GM-CSF for 10 days. Note that most cells
have processes or veils ( x 200).

7.5 um
= .|

Figure 2. Electron microscopy of dendritic cells: Dendritic cells show cytoplasmic processes extending from the

cell body.
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Figure 3. Immunophenotypes of dendritic cells.
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Figure 4. Allostimulatory activity of dendritic cells:
Nylon wool column-purified allogeneic T cells (1x 10%
well) were stimulated with various numbers of irradiated
dendritic cells that had been cultured for 9~10 days or
freshly isolated spleen cells. Proliferation of responder
T cells was measured by BrdU incorporation assay.

A dx, AT 2T A5E ¢L TS vzd
Ak Anti-CDA0 HE 8 FAHZE A58 75, 6 A1k 20
A AFF A BFOA HAF 2zl vE L2
p40 mRNAS] E#o] F7tEAFo] BAHAY (Figure
5). E3] 5u) B|ME Fx=9] cDNAZ 3oz A&7 7
S M X IL-12 p40 mMRNAS] F&#o] 7ZstA vehyteh
LPSZ A% ASo % anti-CD40 FZ& gz 34
v £d Fxe FURA T 6 A 20 AJTE BF A
IL-12 p40 mMRNA Edo] F7teo] &S B2 + 9l

ith. o]o) vl&) anti-MHC class || ©2& 3 e Ze
6 A2t A5 7 AT IL-12 pA0 MRNA £8 9] S}
7t At 304 AF§ A f-oll= anti-CD40 &5
E g4 A2 02T iz vld IL-12 p40
MRNA F & o] Z71d o] T2y g1} (data not shown).

a &

FRAENAEE B FZA 9 vPXA 7| Fo
&8t o] F 3 A% (homing)ell &3] A AAE
o3 Y. YT "o} W B e PZA 7@
EA3E A% FAEZANLE MHC B2, B3 24, 1
2o B2AF EAE 54 FEslm ol naive T &
ZTIE FARNGD F Ao FRENHNESN BHE
Fd AGAHEEAE 7S FEsed Qo] olE AX
7t BHlgte Aol EFIRI L T3 98-8 st A
I AUk B3], IL-127} o]l 2o T @ o] Wgn £
¥ ARG L fFrdted $43% JEE e o] By
AN, FAS7) M A IL-12 YAHE AZete 210 L
2E A7} gus AP D 9P, (L-12% p35et
p40 chaine] FHZ2F oz AAs ] F4HE 75 kDa9]
heterodimeric cytokine2. 24}, IL-12 p35& A}=x] ¢
e AT Fd FTFHY AFoM EEHE W,
IL-12 p40-& B ¥ =3, monocyte, 18] 11 FAE7] A £ 9}
Z2e Y AGA TN AgHoz FHAD?. IL-12%
TRETe Thieze £3& FEsted 8 ¥ of
Yk NK A Z9] IFNy A4S st A EEAYSE &
Qtim A UP'

FHEANAEY 112 §2E 218 A 27X 2] A7
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Figure 5. Expression of IL-12 p40 mRNA in the stimulated dendritic cells: Dendritic cells that had been cultured in
the presence of GM-CSF for 9~ 10 days were stimulated with LPS, an anti-MHC class 1| monoclonal antibody, or an
anti-CD40 monoclonal antibody. After 6 or 20 hrs of stimulation, total RNA was prepared and subjected to RT-PCR.
PCR products of various concentrations of cDNA were analysed on an agarose gel stained with ethidium bromide.

& F7 vl929 ulAd Alge] d2EANA FAF 5
BAEINHEE o] &3 Aoy FFoAM F T +4E7]
Ao g A7E obF Eand uf ot w2 v o]
v Abge] 2xE oA K FFE7IMETE CD4OL,
22 anti-CD40 HEZ 23 2 AF3Ha IL-12 ZAto] &
715 22 |(CAM-1, CD80, CD86 59 Ed % S8t
o AP mata CD40E E7 signale] 4E7IA X
N A IL-12 P4He A eed S8 4L dvia 4
Zrg) 3 ok B vhe-A vFol M {F FAETIA
X E anti-MHC class | GE &3 A2 X283 3 M E
CD40E F& AT Hl&) sl 3t 2ut IL-12 AJito]
Z7tdttn 2aE Ao

E dFA e v 252 5E GM-CSFE o] &3ty
23 $538 $AE7|HEE ant-MHC class || &2
3, anti-CD40 S&& &4, £ LPSE AF¢ F IL-12
p40 mRNA Ed A EE RT-PCRZ ZAl&dt}. Anti-
CD40 228 A= AF3AL o 62233 20/ #
=8 AL BFE IL-12 p40 mRNA £ 8o] n|A3 2T
o vl3) €538 FH = AHE B (Figure 5). o)A
£ CD40LE transfectonA|z) AZF2 43¢ 39"
FAHEE Aajeln], B AT ALE# anti-CD40 &2
A= o] AteE H1Jl gle AEE A=l
w2 v G A Fh g FAE7IH E CDA0LE A=
& ¥ IL-12 p40 mRNA 2 8-& A3 A0l wal A
Biyd 2w, A7 4289 L o IL-12 p40 mRNA
Edo] Aue EL3A T I Aefrt 24212712 R H
Aed®, B 7N E ol g FAl8HA anti-CD40 ©F
B FAE 6A37 20413 M3 BFelA IL-12 p40
mMRNA £& o] Z715 0] gl&o] BAHUYL ¥ ol g,
30417 A e AT IL-12 F8o] E7150] U&9)
TaE o). CD40% 34 T X F2] cognate interac-
tiondl] Ted sk MHC class Il B2t tist &2 & 34
£ A3 A3, anti-CD40 G EE FAZ A5% 451

the obabA| oh 6A1ZF AF2E L o) IL-12 p40 MRNA E
Hol F7tH 0] gl&o] &S} (Figure 5). ©]2 2
= CD4A0E 8 A=o) MHC class I1E 3 AR
IL-12 28 & 28 RE@dvhe AF 2 AFdA AR
& anti-CD40 G2 A 2 ST S FAE7A
TE AE AF Z3A L-12 Y22 A5 F dve
A& BAF3 3.

CD40L7t &7 M X IL-12 A3E T v
RAe o8 dFasd g8 484 JA Eng ¥4,
LPSE FAE7IA X &3 2 AIFAL, AT 59
279 wa} gFg Art RnHAEPN B A7
Ae 5 fFad FAE7IAEE LPSZ A% 73
< anti-CD40 928 FAZ A3 A Brbe FstA
6A1 3}, 20412 A= A9 BFA IL-12 p40 mRNA &
do] F7lgol BAHAAY vhs-2 vl A FalF T3
E7|AES 7ol 10 ng/m~10 pg/imie] T3t =
o] LPSE % IL-12 AAHE F =314 £ e, ole d2A
T EE@H o] Y& LPS receptord] CD147F $4E7)
AXole FEHA %7] d2Y Rolgtn F2HAGD.
FE, AY FAEIA T LPS &3l ¥kg3to
IL-12 Aiteo] FAH A=Y ole A FREZIAHESL
CD14% oslA @38t 7] dEoletn Rad Aok
B Ao A" FAEZIAIZE non-adherent Al £
HE FE3F o2 L4 AFE7L F4/80 FolA L
U ol s SRSV TS} F4/80S RE P Ml
ach g M 27 GEHAE e 2 Fdeit
1 Erh a8e2 & AF Ade LPS7} vk E44
A S FAE7) AL IL-12 p40 mRNA E8 & 73t
A AFTE F UA5E B FAkn Yz

FAEZNHNZ IL12 YAeE EHd wet 218 5
ATt FAEVINEE o] &3 AH Y F&3A 2
o 4 gvh. & 549, IL-10, prostaglandin E2, methyl-
prednisoione®} 22 glucocorticoid A &l& F£A4E7]14]
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