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ABSTRACT

Backround: IL-18 was originally cloned as a IFN- 7 inducing factor in primed T cells.
In synetgy with I1-12, IL.-18 has been shown to induce strikingly high levels of IFN- 7
production by T cells and to enhance Thl development. Also this cytokine exerts in-
duction of Th2 development through 1L-4 induction. Methods: Resting CD4" T cells
were sorted by negative selection and activated by anti-CD3 plus anti-CD28 Ab. Ex-
pression of 1L.-12 binding sites, IL-18 binding sites, I1.-18R ¢, and GA”I;A—?) mRNA
were analysed by FACS and RT-PCR, respectively. Results: Resting CD4 " T cells ex-
pressed IL-18R ¢ chain but not IL-18 binding sites, suggesting a lack of IL-18R 8 ex-
pression. IL-18R @ was maintained on the Th1 and Th2 committed cells. IL-18 binding
sites were induced on the Thl but not Th2 cells. Exposure of these cells to IL-18
led to up-regulation of GATA-3 mRNA expression only in Th2 committed cells. To
clucidate the relationship between IL-18R ¢ expression and GATA-3 induction by I1L-18,
Thl and Th2 committed cells were further cultured in medium with or without IL-12
for 2 days. IL-12 binding sites were maintained on the Thl and Th2 cells regardless
of II-12 treatment, but TL-18R @ exptession was rapidly down-regulated on the II.-
12-untreated Th2 cells which did not induce GATA-3 mRNA expression followed by
IL-18 stimulation. Conclusion: IL-12 supports expression of IL-18R ¢ and GATA-3
mRNA expression was induced by IL-18 through IL-18R @ without expression of IL-18
binding site in Th2 cells. (Immune Network 2005;5(1):16-22)
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IL-18 EAH|(IL-18R)7} T A EA ol A] IL-182] WS4 &
Fo{F 3, T AJE ol 4] IL-187} IL-120]] &8 AP-1 A
Aol Zrhe Antebe Ado] FeiA] YrkG5,6). IL-18
#= Thl Al ZE gHEA] ke Ao #hA] IL-18& T A
FE Th1o & B3A]7)E cytokine© 2 AZHETH(7).
2|31 IL-129} synergyol] ¢]3F IFN- 7 AJAHE IL-12 driven
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7} ool &5 w IL-12R 29] 442 IL-1201] 28t
STAT4 #A37} gl "o g Hol IL-120] 2]g Thi A)
E F3loll& IL-12R 827} #Aod3hE <k 4= Qlvk vz
Th2 A|£& IL-12R 527} 8 = A] ¢k7] wfj ol IFN- 7 &
AAE T gl A2 FHH(10-12). T-bet2 Thl &
o] FAA}e]w Thl E3lol] Fog J&g o= A Al
A2 4#A 9hrh(13). T-beto] -2 Thl AlE9} NK A
Zol|A IFN-y A3 A3#dAlE 7} o, IFN- v §-3 2}
9] transactivatoro] th(13). T-bet-S primary T A|Z1} £3}
Z-01 Th2 A3l retroviral transductions- ¥} o] 5 A%
+ IFN- 7 & A4 3 skl eh(14). & 23452 Th2 A
EE Thie g HIAZA F Je FAAYS Sk
T-bet A< He ALEA 0 Z Th? B3-S 3132 asthmas)
FAG AWE doglTkis). STAT4 ' Hol T-bets
retroviral vector 2 =&)L anti-IL-129}F TL-4 2wl oksbs
IFN- 77} AAEE 1o g % o T-bet> Thl -3}l
IL-12 induced STAT4 24 3}o} = v} & 7|7 o g 2 83)
L S5}th(14). IL-18R Thl A ol vl = IL-12R 520l
o3 FA = 4) T-Bet> IL-12R 825 §-5317](16)
Foll IL-120]] &J3}F IL-18R9] &R0l T-beto] Fojgtc}ir
A A FAA QA FAE et w3k IL-18-2 IL-129}
7 IEN- y & F-538}0] Thl £315 FFA7]A) 9 IL-18
=T A5 L4 QS F3 Th2 B35 FEgit)
(17). Naive CD4" T A|Z7} Th2 A EE Eilsle vie
IL-40l] 93] 8413}5) STAT-6 2|4 GATA-3 2413} 7|
2} 1l GATA-3 autoactivation 7)Z+o] Za3hc}(18). Thi
EE ThE T AlEE 37| ¢ AolE7RIES 23
Al A A2e] 75 AAGH19). 7R o9}
2 AE 2] A 7152 B3ke] Thi ¥ Th2e] F8&
FA g Azbsta 9ok 3k 10182 EAl71A) Thi
8l Th2 F3}e] Pl Fofst= FU3 Afo] B0,
Thl A% 9 Th2 AH FE5of Jojdtriar hr}(20). 2]
L} IL-180] Th2 F-3H& fleshs 7]#o] WakslA o)
| Foll B o3 FA= IL-180] Th2 A|Eef|A] IL-18R o E %
sl GATA-3E S E3)3 Aol Th2 4| Eof|A] IL-18R
a9 FAol IL-127} Fodgh-g vl A} st
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HYEE 9 Aok 6 £ CSTBLIS mouse® tighvol
2@)aRRE Fosto] 2 fet EEAE Aol A L3}
AR % 877 olloll A-gakic.

Anti-mouse CD8 mAb, anti-rat IgG FITC conjugate, an-
ti-rat IgG (H+L) biotin conjugate+= Pharmigen (San Die-
go, CAY9l 71& A8&38l9 3, avidin PEY vector lab.
(Burlingame, CA)2| 712 A+-8-5}9t}. Biomag anti-mouse
IgG magnetic beads= Quagen (Valencia, CA) 2. Z.H€] I
9J5}9l 2™, Anti-IL-12 mAb (C17.8)21), anti-I-A” mAb
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(34-5-35)(22), anti-mouse CD3 mAb (145-2C11)(23), anti-
mouse CD28 mAb (PV-1)(24), anti-IL-4 Ab (American Type
Culture Collection (Rockvile, MD) clone BVD-4), anti-IFN-
7 mAb (ATCC clone R4-6A2)= H5oll 4] Akl A4
sl9dc}. Anti-mIL-18R ¢ mAb, anti-IL-18 Ab+= R&D Sys-
tems (Minneapolis, MN)ol| 4 4} &}9it}.
CD4" T A E9 g, C57BL/6 moused] T AL FHF
Adl2 Egslal, 1% Bovine serum albumine} F.3¥
RPMIcl| 4] &efe| =gt g o] &3to] A EE single cell
2 98471, 60 ume] meshE FIAIA AlE2] 2
S AAsg AZAGNS QAR Y=
2e F HYITE lysis SNl 57 A elsle] &al|A]7]
31, 4°Ce] PBSE 31 HbEslod Melch LAY g 4)4
AZE AAs7] ko] 1x107ml FZTFe 1 pg/mle]
Anti-I-A™ AbE 38 $loll A 2087+ Helstict. A
A e FAE AAGY) Slste] 1X PBSE 3 A1,
Biomag anti-mouse 1gG9} 42 ¢]oll 4] 3087+ WA %
o} el Bu 9|3l 3 HojA4-S Bl mag-
netic beadsoll A=A G F-ERE 3|5Eo 7 A(ne-
gative selection) B A|Z gl SHAARAEE AABS
thERo| T A|Z3) o] FZ oA CD8™ T AIEE AIA
7] 9slol 1x107/ml FZFo) 1 pg/mlE anti-mouse
CD8 AbE & 9ol A 208-7} A3t & 1X PBSE 3H
A 3 Biomag anti-rat 1gG9} G-& $ollA] 3087+ HE-S-A]
71 & A7)¢} 7+o| negative selection® 2 95% ©]4+2)
CD4" T AEE A9t}
T AE9] B3} 9 AEvlek 24 well plate2] 7 wellol]
T A)E A3} £N(10 zg/ml anti-mouse CD3 mAb, 5 g/
ml anti-mouse CD28 mAb, 1XPBS)S 1 ml¥ Wi 3X7¢
o}l FE3 & 1X PBSE 3 At Thl A|E 2 Fo}
AF17) YQalA 7 welld Helgk CD4' T A|ZE 1x10Y
2 ml RPMI (10% FBS, 2-ME)]| 3 Z=% 500 pg/m! mIL-
12 & 10 pg/ml anti-IL-4 mAb7} E|A] M7}t 48417+
St vloksied BatAIA

Tho AEEE SIS Thish FAE ATl 2
£ % 10 ng/ml IL-4, 10 £g/ml anti-IL-12 mAb 3! 10 pg/
ml IEN- 7 mAb7} S A Hr)sla 48417 Eot v okslof
2327}

48A17F ot E54A171 Thl & Th2 A EE 33}
747} 500 pg/ml IL-127} 7} 10% FBS 2-ME RPMI ¥
s} IL-127} HA1EA) b epelel ) 290 Et u)
ok}l 2] w2 IL-12 receptor B IL-18 receptor®] W&l
FACS& E-Alsl9irh

GATA-39] utdl B4& 9Jslod 29 F<t F3HA17 7
AE g B3 2 IL-125 29 E< Al HeeA
oLo A Eol 10 ng/ml IL-18 2 mlZ 5% 10° cell-& 84| 7}
9t AFste] RNAE Helehe ol A&stsl
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FACS 3-A. T A|Z FAtol| IL-18R ¢ 1) IL-18R 7} 1t
A= & wf IL-18R complex7} ¥ o] IL-18 binding site7}
Hrh25-27). a8jmg B dFoA % IL-18 Receptor
complex?] WA FAE T A EA4 oA IL-18 A AEE
ZAste] galeiginh. 4 3x10° T AZell 10 pg/ml
IL-18 10 £12 1A]7F E9F e+l FACS SH(IX PBS,
0.1% bovine serum albumin, 0.05% sodium azide) 2. 2 31}
At} o1 7)ol 10 sg/ml anti-mouse IL-18 Ab 10 1 30
T &3 Hegt 3 39 A3 2.5 ug/ml anti-rat IgG (H+L)
FITC conjugate® 208 7+ X 2|gt ¥ 3 A3 1 ARE
FACS& E-A3lgich

IL-18R ¢ 9] B4 9304, 3x10° T A|ZEe] 10 pg/ml
IL-18R @ mAb 10 415 3027 Xglelar 31 A& 3 5=}
A O 2 pug/ml anti-rat [gG (H+L) biotin conjugate 10 zl,
2 pg/ml avidin-PB 10 41& HFS A3, 7 HFS & FACS
gz 3w Mg

7} AFEol IL-129] AFAEAL-12 FLA(IL-12R)S]
BHAE)E &sl7] $ste] T AFol] IL-125 A3HA
7 3 FACSZ 73] A% E EA3lglrk 3x10° T Al E
ol 10 pg/ml IL-12 10 p1& 147} B9t A eleta, =217
2% 10 pg/ml anti-IL-12 mAb 10 I, 10 zg/ml anti-rat IgG
(H+L) biotin conjugate 10 x1 3! 2 pg/ml avidin-PE 10 x-S
HESAIZARL 7 vEE F FACS £407 314 Agich
Total RNA %-2]. RNAT Trizol reagent (Life technologies,
Rockville, MD)E A&-efo] A28 A2] A|2o] wje} A
A= et eoksiw, wiokE AEE 3]55te] H 1X PBS
2 2% A3 1ml Trizol reagentol] &3l A|Zch o 7)o
200 119] chloroform-S- 47} sbod 2027+ }sbA| T35
B2 AR % 14000 pmell A 1237 DAL ¥
FSoHg 2okl Aol 2-propanol 500 p1E 7}sbal
EEolA 1087F WA ¥ 14,000 rpmoll A 155-7F
44 Eelste] RNAE HAAZ. AAH RNAS %
75% ethanol2 -2 3 Zt}eko] DEPC waterol]] o] 3t
260 nmol|A] FF=E S sto] Aekalgit.
RT-PCR. RT-PCR- Takara (Shuzo, Otsu, Japan)2] A%
< A9 Aol viel A-gsldt. 2okl total RNA
Z} 1 ugol] 100 nM random primer 1 x1& E3hsto] 10 plo]
S| A g F 75°Col| 4] 587 7} slo] RNAS] 24 F25
AAs e}k L8] 2 5 U RTase, 20 U RNAse inhibitor 3
7k 10 mM dNTP 2 & H7bslar, Az 20 x19] 1X re-
verse transcriptase $h35-& o] ]| wHzol 4] 42°CollA
IAIZE F9F vEEA17) 3 95°Coll 4] SHE7F 7hdslo] vk
< AAAIZch. GAPDHS] W& #<14l7] 9314 tem-
plate® 1 x5 AH-8319.21, sense primer: 5’-ATCACC
ATCTTCCAGGAGCG-3’, antisense primer: 5’-GATGGC
ATGGACTGTGGTCA-3'Z A-&3lo] FZAe wlolA]
198] FF53lch. GATA-39] &g nlwstr] a4

ox

i
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Figure 1. Resting CD4” T cells express 1L-18R @ but not IL-18
binding site. Resting CD4™ T cells were stained by immunofluo-
rescence with rat anti-IL-18Ra mAb and rat anti-TL-18 mAb for
IL-18R ¢ and IL-18 binding sites, respectively.

template 2 5 ul& A}-8-319 2w, sense primer: 5°-GGAC
ATGGAGGTGACGGCGGACCAG-3’, antisense primer: 5’-
CTAACCCATGGCGGTGACCATGCTGGA-3’E A-83}
of FE4E solA 28 SFac).

e o}

Resting CD4" T A|3Eof|A] IL-18R ¢ 2] 43, Resting
CD4" T AH|E7} ZAsks|wA IL-18R¢ o) uHl-G-So
v X & IL-129] oggkoll sl T w2 1Fo] AdTd
$£31(28-31) o] A= WL ZolH& vehiich B oy
A= C57BL/6 mice2] HEZA A Bl resting CD4 "
T AZE2] IL-18R ¢ 2] ¥l 9kAS- anti-IL-18 mAbE o] &
sto] #lsldet. Fig. 10114 Ho]i= ZIX ¥ resting CD4 "
T AlZ& IL-189] binding site= e s}2] 9bkAut IL-
18R o= W& Eo] JF& & F A9

Th1¥} Th2 A| X4 IL-18R a, IL-18 binding site =
GATA-32] w3, Bal= resting CD4™ T A|EE ant-
CD3 mAb$} anti-CD28 mAbE- o] &3}o] A3AZ u)
500 pg/mle] IL-129} 10 g/ml9] anti-IL-4 mAbES 4 7}s}
o] Th1SZ %3}A7)31, 10 ng/mle] IL-49} 10 ug/ml)
anti-IL-12 mAb ¥ 10 ;g/ml2] anti-IFN- y mAbE # 7}3]
of Th2& F3AZ e} 2 5k £3147) Thl g Th2 A
Fol|A] IL-18R @9 WL SR %3 919l IL-18 bind-
ing sitex= Thl A Eol| A = 25 A4 Th2 4| ZEell A=
552 9kokch(Fig. 2). CD4" T A £E [L-180. & T &
A5l Q4§ AEE Th2E E85ch(17). o] A& Th2
A ZE7} IL-180]] gt vk3-A)E o|v] kA2 gAY 5
grpa A7 4= Ql7] wiiEoll Thi Bl Th2 A)Fol4
GATA-39] W Z715 HQir}. Fig. 3ol vehd As 2
o] IL-18-& Th2 A oA} GATA-39] Wt =718 853}
it aH B2 o] A= Th2 A Eo|A] IL-180] GATA-
39 W3 -3}t IL-18 binding site] ¥Hl3} 2
Alglo] IL-18R¢9] Wt 2% 7}53HS ou)dlic)
Thl 9 Th2 A Zej|A] IL-12¢]] 2] 3t IL-18R ¢ 9] v+l &
A 9l Th2 A|3E )| A] IL-18R a9} GATA-3 ut& 3} 9] &
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Figure 2. Expression of IL-18R ¢, IL-18 binding site, and IL.-12
binding site on the Thl and Th2 committed cells. Purified
lymphonde T cells were sdmulated with immobilized anti-CD3
and soluble anti-CD28 mAb in 24-well culture plates. IL-12 (500
pg/ml) and anti-IL-4 (10 zg/ml) were added for Thl develop-
ment, and IL-4 (10 ng/ml), and-IFN-7y (10 xg/ml), and anti-
IL-12 (10 pg/ml) were added for Th2 development. Tht and Th2
committed cells were stained for IL-18R ¢, IL-18 binding site
and IL-12 binding site as desctibed in matetials and methods.
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Figure 3. GATA-3 mRNA expression induced by IL-18 in Th2
committed cells. Th1 and Th2 committed cells were cultured with
11.-12 and/or IL-18 for 8 hr. Total RNA was isolated from each
population and subjected to RT-PCR for GATA-3 and GAPDH
mRNA transcripts.

S84 Thl A £+ IL-18R ¢ ¥4 o}y 2} IL-18 binding
site = WHelsl o 9l Ajuk [L-180]] €]38F GATA-39] ulal L.
S BEHA ghel Th2E IL-18R o3F sk a Qg
A IL-1801] 9]l GATA-39) whslo] §-: 59t 18
BE Th2 AZ4 IL-18R ¢&} GATA-39 W3 § % 3
AE Hs] 25lsly] Yetod Th2 A Fefl A IL-18R o7}
W s 7] ok 27E Zdh 29 5 E3HA17] Thi
3 Th2 A5 3]9rsle] wfokol wi= IL-127F E3HE ul
okollo]] 27t whokel 3 IL-12 4 IL-18 binding site?}
IL-18R ¢ 9] W8S #olsteir). IL-18 binding sitel= IL-
129} g ullokgt Thi A Z oA+ |-A =93, Th2 A E
ol A& IL-127} EAstol| % E-38)2L IL-18 binding site
E § 557 2k9Frh(Fig. 4). Resting CD4 ™ T A| £7} &4
3lE|m A §- =%+ IL-12 binding site (Fig. 2)¥ Thl |
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Figure 4. IL-12 supports IL-18 binding site on the Th1 but not
Th2 cells. Th1 and Th2 committed cells were treated with I1.-12
for 2 days. Cells were stained for IL-18 binding site described
in materials and methods.
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Figure 5. Exptession of IL-12 binding site on the T1.-12 treated-
Tht and -Th2 committed cells. Thl and Th2 committed cells
were treated with 500 pg/ml of IL-12 for 2 days. Cells were
stained for I1.-12 binding site described in materials and methods.

Th2 A R5ol|A] IL-12 X &<} FAIgle] E3hsl A=
3 29 Foll= SR Y ekFig. 5). F, o] AT+ IL-12
7} IL-18 binding site®] §A|ol] Fods}r] $)sA= Thl
Eo|Z 9l z7i0] AYx|ojof g Ledtrl

IL-18R ¢ 2] ¥} Thi B Th2 A E 2504 IL-120]]
o8 GAEY L Th2 A|ZEol|A IL-12 A5 glo]& Thl
AZR 243 214288 H9rhFig 6). IL-18R a9}t
GATA-39] Wt zte] #AE #Qlslr] Hslod Fig. 6ol
vebd Th? AlE7E IL-182.2 8A17F F9t 253t
GATA-39] 918-& Wokeh 71 Ay}, IL-12& * 2|3t Th2
A Eol| A IL-180]] 2§t GATA-3¢] Wile] Frlgd & B
A rhFig. 7). 0171 Th2 A Zof|A] IL-18¢]] 2|3+ GATA-
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Figure 6. 1L-18R ¢ maintained in Thl and Th2 committed cells
following stimulation with IL-12. Thl and Th2 committed cells
were treated with 1L-12 for 2 days. Cells were stained for IL-18R
a described in materials and methods.

39) ko]l IL-18R o7} #Fod3ta} EAJol IL-18R ¢ 9]

o Ao] [L-127} Toldhs Eabe},

&

CD4" T AJEX Thl =& Th2 NEE Bdlele] 242t
9] effector functiong- ¥r3|s}3, Thl & Th2¢| F3F-A|
o0y Yolo] o @8- rhn 423 9
oh 1% GR e A9 fislet 296 T AEA 285
31 IFN- 7 &] k8l o] =11 anti-CD4 Abit} anti-IFN- y Ab2]
FQ)oll of s} M= 7] Wil Thi Zrgo]gkar Azst
(32,33). Atopic athma$®} allergy 7+-2 282 IL4E 0%
3 Th2 Aol E7}elol ojs) Aol 418hs]7] wlFol Th2
Aolel AZHATHG). o 5 A LEE Thi 9 Th 4]
FhR3te) 7 sho] ¢ FE o] 947] wliFoll Thl & Th2
AE] FHFA HAUEE Wl A Hddy o
Wy X g2l E5F £ T Yok AR E A upl)
oJslw Thl & Th2 AlE £33} #8 A= T AE7}
238k of Thieg 2 &*} IL-129} Th2E & L3te
IL-47} BalehAlo)A 2hgste] Az AgAgE 3ot

|

(19). &, B3lchA|oA] IL-1258E 114 F -6— o)1= ¥Zo)
wol AW folA e &5 QAT HL Fo] YolA &

& slo] B3| #8E GASe WAUZ] EAE A
°i FZE| A0k o} o] EH% olFdl FA+ Ytk
IL-188 Thl B Th2 A% 23} okZrol] Hofsl= U
Aol EFlelolch, TL-182 IL-129} A<sA-8 07 [FN-y
= mwoq Thl 23}9] A &AS ZAKE). =3 IL-18
CD4" TAH|ZEol #-g3sto] TR2E A|EE H3A]7]| &=
= 7HAA Qeh(17) Z2HBEE Aol BT FollA]
&}A) IL-180] Thl 9} Th2 A EE3E =24E 5 9]
1o 8 AzkElch IL-180]) €)%k Thl g Th2 A|X B3}
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Figure 7. GATA-3 mRNA expression induced by IL-18 in IL-12
treated Th2 cells. Th2 committed cells were cultured with 500
pg/ ml of 1L-12 for 2 days. After washing, cells were stimulated
with 10 ng/ml of IL-18 for 8hr. Total RNA was isolated from
ecach population and subjected to RT-PCR for GATA-3 and
GAPDH mRNA transcripts.

;ﬁ%‘-’-‘—é HlAUEE A7) 87 SsfiA = IL-18
Thi B Th2 AL £3tdl] oG A ZE3le=A L o
l %Pﬁ}ﬁ} # < IL-180] Thl A EE-3}e]] X o
o] Ad7xo] 9Irh20). Thl 349 75 IL-127}
18R ¢9) WIS §Eshod IEN- 7 Aol vigk IL-189]
AE o] FE 7o) IL-129} IL-18¢f] ©J 3 Thl -3}
FeadtE FoFE Ao g AZECh5,8). Thl #3t
7} in vitrool4] 79 9o} 214E9S of IL-12R 529}
IL-18R ¢ (IL-1Rrp)®] & o] 7ta}A Trz]547](4) W 5ol
Thiel| A IL-12¢f] &3t IL-189] HF-2A ZF7loll= IL-12R
827} Bofeh Ao 2 AZFATE L1801 ©)3 Th A E
B3l IL-180]] 3 §59 IL-47F 2 d85 gek(17)
A Yol ¢#3A Aol gick. aejng & o7+ Thl
%) Th2& 2315 A ZEol|A] IL- 18R ¢ o] WHAE o] &2}
o] IL-186]] ¢|3F GATA-39] ko] IL-18R o9} Treds)o]
gle.o utar) IL-18RS 5709 chain, = IL-1R related
protein (HA]2] IL-18R )9} Accessory protein like mol-
ecule (IL-18RACPL, @A} IL-18R §)7} uHsl A 9t} %
chain 5 IL-IR familyol] <-38}32(25,35,36), IL-IR com-
plexe] AL} §Asle}. IL-18R o= IL-1801] Tt low
affinity receptoro]th(35). IL-IRACPL¥} 7ro] IL-18Rj3
(IL-18RAcPL) 93 A] IL-183} A Agrel 4= glA|ut IL-18R ¢
9} ZAsrsle] IL-18R complexE %HEth IL-18R complex
= IL-18 binding site”} %] 3L IL-18R signaling complex &
3. AAAR @e AFAEe] IL-18Re ¥
IL-18R 32| Hteoll ot IL-129] &5 AT ARt
Ay B Ao]lE velWrh(28,29,31). & AellAl
IL-18R o= resting CD4™ T A Fojj4] wlds]of(Fig. 1)
Thi 8] Th2 AZE 2 29 7 B35 Al EellA EF §A]5]
A2t IL-18 binding site¥= Thl A|Eo| A% F =% Aok
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