o st & & ¢l 7 83 x|
Korean J Phys Anthropol
22(1): 95~ 105, 2009

Abo]l EF1el B ZE| A FH A AE]S o] 23}
25 QlE]£71-12 p40 W w oA £9] 3l

Jlalol, AW, AN, 28, B

EREE R LEL LIPS E
ighope et o) e} o % - A A B @A

o4

F2 1 ABFZI(IL)-12%= p359} pd0 hijAz FAE Ale|grllor, UM A HgHAS M=
- F23 WA 7)5E dot p3b FARE AL oz BHHA R, pd0 FAAE] HEHL2 g HAl=5]
FEEE el Heksted, A2 IL-12p40 404 HHshs AT g Y 2o $HT 5 9l
A wdlo] whEelgeh  AFelME Y EE] A2EE ol gstel YA ol vl A2 s
olFAH 9} B Al E 44 Ao IL-12 p40 23S sHolstual sheich

W14, IL-12 pd0 3 =) 2E| Y 9] Atz ie] g 7HE7 A2} 2o 2 RE] ¥elg ZEAHEE Toll-
fAkg-A) (Toll-like receptor, TLR) 2]zt=2 =3 F IL-12 pd0 & A =2 b4 33 (yellow fluores-
cence protein, YFP) ®t& o 2 zAlsigie}. 22| 1 Mol B3l ZEA|M| 22 3 79 njA o}Jqu] Z2 2 A
FAz¥E ¥ TEsle] IL-12pd0 B3e 2ASITh E1 Ak B Azl A IL-1297e] fEdtAs 24}
st

A2t ol eI Z 57 Gl S2AAZAA IL-12 pd0 F AR ZEAYF A 2" 84S FAsA
o} 283 28] Z2Z3 nAotan £ dx A =7} TLR 2]7k=<l CpG oligodeoxynucleotides, lipopolysaccharide,
peptidoglycan 18] 32 polyinosinic-polycytidylic acid2] z}=ol] w3 IL-12 p40¢] HAF = 7S YFP o=
Wy oz 3413 4 glgich vix|ete s B A2 A4, BAEY &4 Fwho] CpG ATl Bo]x o= IL-12 pd0
< s RS gl

Fshe, 2 QAT IL-12p40 FP) ZEYA A 28E Fotel Ho] Eajshe vlolurlze] dysh &

so] BAZATNA 488 TLR A A IL-12 pd0 5877} 8-S 2eleh o] 4] Az 1L-12 pd0 332
ZEIYF A2Ee HT Aze] WART Qe 24 MAPVIHEES ados S} O f53e AN

=

o & orr N

rﬂ

(2008 11 79 A4+, 20099 24 69 AlA <)

FolE7| oot : gBe)zEYF A2, QB $71-12, Toll-g-AR=8-4], n)A] ol A =

M2 g o]FolgA AlelETelo =, 74X E7) A £ (den-

dritic cell, DC), ZZ AN £ Sol|A] En|Em A

olE] %71 (Interleukin, IL)-122 p359} pd0= T4 AM Z£2] sl A4S (natural killer) A 25 &
A3IAA QlEH Z (interferon, IFN)-ye] Hu]2 =

R R SEAsAY geddd TREAN(KRF2003 A ® oluel Agwldnze] U9l navedt
205-E00032, 4 7he] Yoz =L =] 5 3

WAA A} - A (M F AB;_JJrsLtH s P FEta)) CDATT AL E IPN-y w439 Thi Mz 22
A=}-o-7 : shong@sejong.ac.kr 71e © F83 9&& sio(Stern 5 1996). IL-12
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— Zlojot, ZE2, &

o] g fer AAHILEA 0 shigl Toll-fA
=& (Toll-Like Receptor, TLR)S E3+ AlsAg
o 28} o]oid 4 glek TLRE: W=d el A
dzgHe] stz Hewodules Swily x4
3= o) 03 oJ3kS m)At) o] 5L il B
Z5)o] 9l Fe|d s} ¥ (pathogen-associated
molecular patterns, PAMPS)-& ¢lX|3}= W 1elX]
SgA 2N ZHFRAN 1Y o4 wrslgom 2
7] T2 PAMPZE <lx|3dlt}(Akirasl Takeda 2004).
TLRell &J3f <A=& 2t=s o83} 2o TLR2
o] 2J3] <lA]=*= peptidoglycan (PGN) (Takeuchi 5
1999), TLR3ell 2J3l <¢lA]== polyinosinic-poly-
cytidylic acid (poly 1: C) (Alexopoulou 5 2001),
TLR4e| 2Js} <lx]=+= lipopolysaccharide (LPS)
(Poltorak = 1998), TLR9l| &J3l] <1x]%]x= CpG oli-
godeoxynucleotides (CpG) (Ilvesaro 5 2008) 5-] 3l
o}, TLRe] whgle AAm ola) 22} oz} B, T A
o} e HemAMzoM e B uFET glor}) I
Aol djgt A= v F3le} (Pasares} Medzhitov
2005). 53], B Al Zel 42| TLR Aol whe wejs}
A ke gahsha g

DCE= 71A &3¢l LA FA| Z=2A], x]z:xj, )

2AE %

2 BEAFEAe} oeke] MHC class |l &
@sha gleh = che PUAFAEL B 2T
A

S

& glem, A#ae

B3 e v, AT
Zo| BEAZTEA MHC

class|l g walsle] T Az UL A A 3H= 5
< 743 9tk DCe} ZZ AN ZE AHHAZ
Sz gzulest Bl o7 Alo]Erlele Huls)

d I FoAE IL-129] WEL on] Byg A}
Aot} (Koch 5 1996, Skeen 5 1996). ZZAA| %
A 7 2A el B EEFe] glor
ANAe= 246l wel WA o] thaoh ZxAM 2]
g A7l Aok 2= el ERlse Z2AA

Z2A, AR 717 Fet A ES A7 5
o] Aztg-3t A FHEEA L] JFqE Hs)
I ek (Alois 5 1998). =3t 5417412 95t
oA Fedk dFge g HuFHgom o
TLRE 38 #A=el oJ3) IL-129] Eu|7} =%t

1=

X5, EAMol —

==

ot

I B 35 ¢lv} (Gonzalez-Scarano$} Baltuch 1999,
Olsonz} Miller 2004). B Al 2= dubd o=z A HA]
Weguhge] 228 4TS e AeudNEn &
rﬁw AT AZ 29 WIF2RAE Bl

[ea

A& Az W2 §950e] T Az FAS ANY
4 9= el X%IJ‘H] z2AM) N5 7} Ac}. 22 B
Axe o FAATHZY 7o) of2] TLRE %

Hal3 gle] PAMP Aol ojs] 451 4 g

3 Bl (Bar 5 2007).

H32 LB Y S o] gste] IL-4, IFN-y, IL-12,
forkhead box P3 (Foxp3)e} #Z-2 9 wdghA] o
A e Al ze] Wk A7t Hel o] FeA|a gl
o} (Grogan 5 2001, Bettelli 5 2006, Reinhardt 5
2008 41 ZEARS A2l 59 A 4
Akl HZ7E vlE ulg AA Exsielzts 33
chfzle] Wy oz <la] AR MEF FHAEZEA
woz Lol A 4 A It =
Y2 AAFE S-S A M 2] ¥
A A9} invivo ATl = *P%E‘ T dE e
A3 QU 3 ATl A IL-12 pA0 2] el
7] Alzdle] IL-12 p40S Ak M Ze] FA el
882 A7) $l8ted DC, ZZ:AAM =, r]A o}
FAE, BAZANA ) IL-12 A& 2AF8HIT

[ [ed

il

=
Al
He
0z
13

1. Al =2

oe
Ofn

C57BL/6 (B6) A3+ Jackson Laboratories (Bar
Harbor, ME)ellA] 7918}43 T} IL-12 p40 & =] 2 E)
A7 (Reinhardt 5 2006)= B6 A3 ¢} 6] o wrx)
= z33}9 o, heterozygousdt AJFH=S A= |
A7 homozygousdt knockin A3 2 dgic) Al

6~ 1252 2] homozygous 2] ZE|QYF = o] A3}
olg3te] WA F ALgsA B
FARAA 15 on,
B& A48 AAAAT,



— IL-12 p40 HTE| ZE A|AR0| 2|5 ME

2 ugE

2. ALSuix]

Mot wH £ A 9|8t 2E Al =ZulFollA RPMI
1640 (Gibco, BRL)el| 10% FBS(JBI, Daegu, Korea),
10 mM HEPES buffer (Wel GENE, Daegu, Korea),
2mM L-glutamine (WelGENE, Daegu, Korea), 100
unitsymL penicillin-streptomycin (Wel GENE, Daegu,
Korea), 5mM 2-mercaptoethanol (Sigma, St. Louis,
MO, USA)S A7}l wiA]& AF8-3}9ic). IL-12 p40
WEE #As7] glste] 4714 TLR =t=s A=
Hjj oFol] ARg-3}ldth TLR2 2]7k=¢l PGN, TLR3 2]
7t=9l Poly | :C, TLR4 g]7t=¢l LPS, TLR9 2|7t=
¢l CpG, PGN, Poaly | :C, LPS= Sigma(St. Louis,
MO, USA)=XRE] Fujslglon, CpGel GpCx:
Geno Tech (Dagjeon, Korea) ¢ 2 BB F3)3}9i}
CpGe Al 71 A-, B-, Ctypeg FHAd el A8k
2 G7IMELe g3 2o} 5-GGGGGACGATCG
TCGGGGGG-3' (A-type CpG 2216), 5-TCCATGAC
GTTCCTGACGTT-3 (B-type CpG 1826), 5-TCGT
CGTTTTCGGCGCGCGCCG-3' (C-type CpG 2395).
a2z M=l dge] gl 45 Btypee] CpGE
Agell ARg-atde. CpG motif7h S GpC (5™~
TCCATGAGCTTCCTGAGCTT-3)x= B-type CpG
o) Wzpoz AHgsilch 27 s Abg
=+ CpGse} GpCel 7-$- Sug/ml, LPSE 1ug/mL,
Poly | : C= 100ug/mL, PGN-2 100ug/mL 3=}

3. xlat FtxIE7IMZ| FH]

IL-12 pd0 Y=l zElAA e Aetg AEsia,
frosted microscope slide (Fisher, St. Louis, MO, USA)
E AMg3le] single cel suspensione 2 wHE oS
ACK lysis buffer (0.15 M NH,CI, 10 mM KHCOs,
2mM EDTA)E A4-3te] A8 55 Al738dHt PBS
buffer= M2 3t & anti-CD11c magnetic beads (Mil-
tenyi Biotech, Bergisch Gladbach, Germany)¢} &3
= columng E3}A]# CDlict DCHHe- FH 3t}
o5 xS Aol w7l g HAsaA B
type CpG 1826 (5ug/mL) & A}=A17A YFP 333wl
Qo BAH AT FAZLA7) 2 24

97

EH
=]

4. ZEAME2| 2|

Z74e =2l 4% thioglycollate (Sigma, St. Louis,
MO, USA) g} 2mL-g IL-12 p40 &3] E| A 3
o) 2ol FJatsiet. 59 Foll BRosrE AZ
2 A5 F 2] Qlx ZzANEE Fois
7] $1314 ol & MEE 24 well platee]] 3417 F<t
37°Cell A Azt B&EE 4 =% sl &
ZE] 7] oke A Z: 4,500mg/L D-glucose, 4mM L-
glutamine, 110 mg/L sodium pyruvate, 3,700 mg/L
sodium bicarbonateE *3}s}+= Dulbecco’s Modified
Eagle's Medium (DMEM; WelGENE, Daegu, Korea)
WA o gatel AASII, A ZEAA Lo
IFN-y(100U/mL)E H7lste] Azg Sz o
AZ f=slge) o5 M=ES LPS(1ug/mL)= =}
ZAA Aol slel BulE FEsfdch

ot

5. o|MlotmM|ZE2| 22

AF 2~39 =9 IL-12 p40 3P 2E] Y 7] )
H2Rne 43 uAolwMEE o Bae] ue}
w2l FFsldet(Lotz 5 2005). 7h=+s] Adwsid,
x| 24 FEE Eeste] DMEM (4,500 mg/L D-
glucose, 4mM L-glutamine, 110 mg/L sodium pyruvate,
3,700mg/L sodium hicarbonate 3 3}; WelGENE, Dae-
gu, Korea) uj=]ol| 10% FBS (JBI, Daegu, Korea)7}
AR wgom Az detd whEe] 75-om?
flaskel] 7&elsE % 37°C, 5% CO, 714 1447k
Wi oFatalet. BAeA] k2> MZ2ES AA] $38t
o] ujjoF 3UA e A} 10% FBSDMEM o= 3HH
Al Fiek e ATt F 14 o) flaskE
srom e Feul BeH $4¢ Fo flak
o ZEsA Eolr Ael= HolwA| = (astrocyte) =
FE uAolaA 2 Eelste) oA EElg Al
¥ 98% o]Ato] anti-CD11b¢} anti-F4/80 =23}
Az A=A

6. Enzyme-linked immunosorbent assay (ELISA)

IL-12 p40 whw %
sandwich ELISA *J

=23}7] 93} standard
Argsideh MEE TLR 2

2] o
==

o
&



Zr=e) A 16417 Bt
7o) IL-12 p40 kg wt
tems, Minneapolis,

A

al
|

7. 'ITA'" =

=
E

Phycoerythrin (PE)7} A3 anti-CD1l1c, anti-
CD11b w+=23}4]|, Tricolor (TC)7} A#= anti-
CD19, anti-CD11b =23}, Allophycocyanin
(APC)7} ZA3tsl anti-F4/80 =234 S o]-4-3)o]
Az GAstdet Az G Az 52
CellQuest software2} FACSCalibur (Becton Dickin-
son, Franklin Lakes, NJ, USA)E o] &-3}%] 12
FlowJo (Tree Star, Ashland, OR, USA)=S- ¢85}t
H|£o]H el A7} Fc 4~4-A] (CD16/32) WA 2o
Eolow Ageh Ae W] she] FAGA
Aol Azl anti-CD16/32 34| 2 (4°C, 15min) =] )
s 39, o] 3ol A= P (4°C, 45~ 5043
= FACS wash buffer (1% FBSS 353+ PBS)= 3
WH M2 sl3r 1% paraformaldehydes. 17 A| 7o} &
o Fo ARE-E anti-CD1lc, anti-CD11b, anti-CD19,
anti-CD11b, anti-F4/80, anti-CD16/32 ©Z23}4| =
BD Pharmingen (San Jose, CA, USA)ollA] 4313

.

=] )
T’:}S‘v\—__

it

1. DCe} EEZAM=ES| TLR AI3of wE
IL-12 p40e| eta

IL-128 Akl WMz
E d el s
AR el A e
WElsls ME2E FAE
o #1128 F4shs 74808l plo 44
A9}k exon F ¢l internal ribosomal entry site (IRES)

2 9435 YFP §A4AE AFAIZ] A mdlo] &
9Aeh. o) 47 mlol A YFP Hgrhuie) wha

3ted IL-12 pd0 Ak HE o5

[}

105]_ SR =

=1

Sz 2 A

g
i

5
Hg S

A Bekeh. 94, IL-122 7}
oleyx DCZ IL-12 p40 &)
gJ3te] Fhlslolet. Al2ke] DC

¥-2]3517] fl?s}oﬂ AetH £el DC = EA}
CDucoﬂ Eo]2e] MACSbheadE o] £33t} o] =
E3le] =3k CDlict Al %o CpG (5ug/mL)oz
1627t A=3S & %, anti-CD1lc B=Z-23A 2 At

QA=
g3lo] DCol|Ae] YFP M S zalsielc)h. 244
& Wzl vkl CpG A5 2 Al
YFP Wtale] ZA] Zvlsle e T 4 U4

o (Fig. 1A). oo, IL-12 p40 3 g2] 2B 7] 2]
B7oz e Reldt ZEAAME) IL-125 #u)E)
EA zAREE A F o] E74el 4% thioglycollates
FU3aL, of 5d Fell 4 o] ZEANEE Eo
stk B2)g ZE A 2o IFN-y(lOO u/mL)=
Aeste] 27 &4 AeHE F=3 F LPS(1pg
mL)2 16A17F E9F A}=& %‘114 T8 ZxA)
AzE FAF 4 9l anti-CD1lb A= G s}
of AT A3 A5E A 4 TEAMETHG
LPS 252 SZAA ZA A YFP slo] =7
7k e &g 4 A= (Fig 1B). w2
2, 2lZzHAF25E Fejd DCet TEAMA 2ol A
o] YFP g o] AA| IL-12 pd02] whiid W& 2

o
—

Hl
=

7L
A=

Als] mbedal=x] Algstw ol & $1ske] CpGz
A}=% CD1ict DCe} LPSZ #=3% B7} Zx A4
20| wjoF S e IL-12 p40 Thij 2l o] kel
ELISA ®h]& o] &sle] A3 2w} vl
g A3k IL-12 pd0 =hif A o] W Zrbe Eld 4

Ut (Fig. 1C). webA], TLR 27t= Ap=e)] wh-g-3}
of IL-12 p40 shifA& W= WANZE IL-12
p40 ¥B=| 28 A= é—% o] g-3fe] A ZRA W
goz golapl BAE 5 9S4 Ao

2. o|MojmMZe| TLR A}=Zof w}2
IL-12 p402| &

ZxA Mz Azude s CD1b £x}
s} F4IB0 BAe] SolHel AT ol4sle] AT
4 glen], wo EAslE 2AMEL v o}z
% A CD11b %79} F4/80 747} o ke =] o]
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(A) o
No stimulation CpG
A 10* 10*
5.3% 41.9%

10° il 10°1
o 5 ;
o | 1047 107
o)
@) ’

10t 10

100 10° - . -
10° 10* 10 10° 10* 10° 10* 10° 10° 10°

YFP
(B)
No stimulation LPS
A10¢ oo | 1 26.3%
10° * 10° 4
9w
= 10%
o
10t 104
100 100
10° 100 10> 10° 10° 10° 100 107 10° 10°
YFP -
©
CDllc* DC Macrophage
12 10
_ 1o 8!
- =
£ g [S
g ° g
Y ~ 4
-4 1 i
= ] =
2 21
0 0
No CpG No LPS
Fig. 1. Dendritic cells and macrophages produce IL-12 p40 upon

TLR stimulation. (A) Dendritic cells were enriched from
the spleen by using CD11c MACS beads. Splenic DCs
were stimulated with vehicle or CpG (5ug/mL). (B) Mac-
rophages were isolated from peritoneal cavities from mice
previously injected with 4% thioglycollate broth. Periton-
eal macrophages were stimulated with TLR4 ligand LPS.
I1L-12 p40 expression was anayzed by flow cytometry for
YFP intensity. (C) Supernatants from CpG-stimulated
CD11c* DCs and LPS-stimulated peritoneal macropha-
ges were harvested and subsequently the amount of 1L-12
p40 was determined by ELISA assay. The bar chart re-
presents the mean value+ SEM (n=2).
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gle] Aoz WHolwH £} o] 7}l
u)M ol wH| £ TLR2, TLR4, TLR9E &3ty 9)
om To] AesE TLR =S x73pd IL-12
p40& AJARsH 3 od=x gl (Lodges}l Sriram
1996, Dalpke 5 2002, Esen=} Kidlian 2005). w2},
IL-12 p40 3 B2] ZE|AYF] A 2®lS o] 83te] ulA|
olwAZe] IL-123-S YFP g oz Felsluxr}
3t o] f1dted A5 of 2~3dd = ZHAYF
oA AL F3t F vAolaN Z2E 53}
A} 1447F v oFatodet. mA| ol A 2= v oF £7]
of wtd] AR HelwH E ol oF3HA B A
2}7] w3 (Fig. 2A) 2] A4S 7Febd Holw
AzzRe A 27t o wief 149A4 o] el
oA z2RE E2E vAolmAlEE 98% o]Ate)
ZEIANE 24 EAE ‘:‘“ﬂﬁ]»— Zog ujFo]
2] AN HetwM 2] 2le] A HA ¢
Uee & AT (Fig. 2A). v]A| of A 2o
CpG (5 ug/mL), LPS (1 ug/mL), PGN (100 ug/mL)-&
2417 =<9t #]2]3t &, anti-CD11b 34| = M35}
o] CD1lb* A=Al A] IL-12 Alo] 7)1 AJAk
= A ZE YFPo] digt sjlaxEaslo= vehgl
t}(Fig. 2A). CD11b* u]x|elmA| = o] " R s}
Zro] CpG, LPS, PGN2] z}=ol wz} IL-12 pd0S-
e S HZEHAF A2"S B 8
4 A=k (Fig. 2B). mlA|ekmM 2= TLR3E &3}
o o]FuA RNAS IAe= Aoz ekelx 9l7]
] i) (Town 5 2006), double stranded RNA -x}2]
sAHdel TLR3 2]7t=¢] poly I :C (100 pg/mL)=
2427t Eot 2|3 F anti-CD11b 4|z 48}
o] YFPO| L& ZASIACE AY A, nM et
N 27} poly |:C A=) 93] IL-12& RyAs=
g HEEAF AlaEE S8 AT &
o} (Fig. 2C).

3. IL-12 p40S Uslst= &4 B MEZR et
gtol
ZE A FAH Ell = DC, XA E 1831 B
A Z7} gleh o] 7} IL-12 pd0e DCe} ZxA)
Az A F2 dE=EE Hog g8z 9l ubd,
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10
(A) M Toss% 99%
103_
8
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b
104
0.21% 0.24%
10° T T - :
10° 10" 107 10°  10°
CD11b =
(B)
. None
: : — CpG
- | PS
B w— PGN
= Stimulator % of YFP* cells
5 None 071
s CpG 7.2
LPS 5.64
PGN 477
10° 10
YFP =
©
. None
" = CpG
w= Poly |:C
B
S
E Stimulator % of YFP* cells
S None 0.98
Polyl:C 4.95
CpG 7.36
0 10 10° 10° 10*

YFP

Fig. 2. Microglial cells can produce IL-12 p40 when stimulated with TLR ligands. Cerebral cortexs were isolated from newborn mice.
The cells were suspended in DMEM containing 10% fetal bovine serum and then were cultured for 14 days to obtain microglial
cells. After that, microglia cells were enriched by detaching from astrocytes strongly adherent to the culture plate. (A) The arrows
in photograph of Fig. 2A indicate microglial cells. More than 98% of these isolated cells express both CD11b and F4/80, which
are markers specific for macrophages. (B and C) After isolation of microglial cells, subsequently microglial cells were stimulated
with CpG (5ug/mL), LPS(1ug/mL), or poly | : C(100ug/mL) and then IL-12 p40 production were analyzed by flow cytometry.

B AEolNe B A mwsle] A @k A = FAATL, B AFeIN B AE] 9 IL-12
A= IL-12% 27)9) EpsieinBar vlolel A 3ulg selshA Ram 9l Ageldh A2 B A
3 BAIZol BRHE A AE B4 Q% EelMe] IL-1280] TLRY 2jzk=2l CpG Aol
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— IL-12 p40 &l ZE AlAH o/ ME

3 =gty ¥ uE o (Hemmi 5 2000). whet
A IL-12 pd0 ) 2B A2wle Bated IL-128
Akt B AZY EA 9 BT 5 e
AR sldt} IL-12 pd0 3 =) Ze| A o) Aehi| 2
F23ka B Al Z Sol Akl B220ol| ot =HFE
Aol magnetic bead”} 23= B A= %8 MACS=
5ated B220" 25 FE|5kdc) H2jg B Al x|
LPS(1 png), Type-B CpG (5 ug), poly | :C (100 ug),
GpC (5uQ)E 16417k 5t A3t & DC #AE ¢
g anti-CD1lc S+Z&3A¢t B Az #x&5 1%
anti-CD19 ©+Z-2 3HA|E AFg3led A3t
B220* M|zl = B A 89t oz} IL-125 En]3}
ez ezl plasmacytoid 7] E714 £ (pDC)
stz B Al zofAl9] IL-12 ¥dnts &4
3l7] $]3] CD1lc o]32 CD19*&F A =3 whelA]2]
YFPHuHE 4232 n)ws}glch CD1lc CD19* B A=
o] Q3 A=te] LPSg} poly 1:C7} obd CpGel o)
3 IL-12 pd0e BE3l= AL A 5 g
(Fig. 3A). Al 7}1#] ZF72] CpG 7154, A type2]
CpGe pDC=E 37 ¥ 452 IFN-o #H]&
$r=313, B type2] CpGi: B Al x e} AdAks] A=
9] #A3lE =813, Ctype2] CpG: A typed}t B
type] WA &5S BF A e ez
d=lA slet(Vollmer 5 2004). whebr, ofd s
CpGell )84 B Al £2) 1L-12 pd0 W&l o] =5
Al z2AR8L7] S13te] Z47ke] CpGE B Aol A2
s A3 A= el slAIEh TypeA, TypeB
2] Type-Ce] CpG =% B A =2] IL-12 p40 ¥t
& fr=she Aoz A= (Fig. 3B).

=

xE
Rl

=
.

=
=

i)

al

2t

B EFAE IL-12 pd0 B ZEIAF A 2E)]
o] IL-12 p40e urdsl= DCe} ZEAMZS £3
et -850, AR Ho] A XA E
9] d=Eq] mjMolwAlZE d¥ Ftlte] o8 TLR
2 7t=e] Aol o3 IL-12 pd0g WA g
< wyoh w3 BAEY] 24 Athe] IL-12&

HE >i

101

EH
=]

Hlg 4 glew TLRI 7=
Ao g ureditl= 7S ¢

uA| o} WA = o] ANE= IL-
123p%E ope} IL-23& #Hdeta 32 S
o(Li 5 2003). A7FH Ak shel 2p7bH o
-4 APz (experimental autoimmune ence-
phalomyelitis, EAE)-& Thl-wij7j4 Aoz otedx
S, AEA AR Abel=vhlel IL-17¢ Hu)s
£ Alzd 9JsiM= EAEZ} 2d"gx HT By
= ¢lk (Aranami ¢} Yamamura 2008). Thl A 2+
IL-12¢] oJ3f #3}7} ==& vbHell, Thi7 Al 2=
IL-129] p403} pl9= o] Foixl IL-23¢] <J3) &3}
7} 24" wheba] IL-12¢} IL-239] 3% &wal
st q¥8E

CpGell ®f-$- E-o]
/xl =3

o)
=
Ao 22

i....

7 Al2"E o] 835t pdos
20 &4 ATE &5 2Edte] A7 Aol 7t
s3]zt A

£ A7elME =3 BAES] I3 Awte] Type
BCpG°ﬂ o7t A=l HolHoz IL-12 pd0S
o= AMS ElEd s CpGel v ?ﬂﬂM
Type-A == TypeC CpGell 2sjA = IL-12 p402]

W) fESE AL ¢ 4 AdeH(Fg 3). A
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Fig. 3. A subpopulation of B cells can produce IL-12 p40 upon stimulation with CpG. B cells were isolated from the spleen by using
B220 MACS beads. (A) Purified B220™ splenic B cells were stimulated with different TLR ligands including CpG, poly | : C, or
LPS. After sixteen hours of stimulation, these B cells were stained with anti-CD19 and anti-CD11c mAbs. IL-12 production was
examined on CD19*CD11c™ gated B cells by flow cytometry. (B) Stimulatory effect of three different types of CpGs on IL-12
production by B cells was examined. Purified B cells were stimulated with different types of CpGsincluding A-, B-, and C-type
CpG for 16 hr. Again, IL-12 production was examined on CD19*CD11c gated B cells by flow cytometry.
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Abstract
IL-12 p40-Expressing Immune Cells Revealed
by Cytokine Reporter Mouse System

Mia Gi, Jungeun Kim, Wooseok Im, Jeehee Youn?, Seokmann Hong

Department of Bioscience and Biotechnology, College of Life Science, Sgjong University,
Department of Anatomy and Cell Biology, College of Medicine, Hanyang University

Interleukin-12 (1L-12), consisting of p35 and p40, plays important roles in linking innate and adaptive immunity.
While p35 is constitutively expressed, IL-12 p40 gene expression is induced upon activation by Toll-like receptor
ligands. Recently, with gene targeting technology, the cytokine IL-12 p40 reporter mouse has been developed to
express the p40 gene linked via a vira IRES element with yellow fluorescence protein (Y FP) fluorescent reporter. We
investigated whether this novel system would be useful to reveal 1L-12 p40-producing immune cells.

We first investigated whether macrophages and dendritic cells from these mice faithfully reported p40 induction.
Next, we tested if microglial cells, macrophages in the brain, could induce IL-12 p40. Finally we tested whether B cells
could produce IL-12 p40 because there were very few reports for |L-12 production by B cells.

Our results confirmed that macrophages and dendritic cells are main producer of IL-12 p40. Then, we found that
microglial cells could produce IL-12 p40 upon stimulation with various TLR ligands. Finally we found that a subset of
B cells could produce IL-12 p40 in TLR9-dependent manner.

Taken all together, our system will be a valuable tool to identify the type of immune cells that produce IL-12 p40.

Key words : Fluorescent reporter mouse system, Interleukin-12, Toll-like receptor, Microglia
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