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Akt and Nuclear Factor KappaB (NF-kKB) Dependent Signal
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ABSTRACT

Inflammatory mediators has been recognized as an important role in the pathogenesis
of rheumatoid arthritis (RA). IL-17 is increasingly recognized as an important regulator
of immune and inflammatory responses, including induction of proinflammatory
cytokines and osteoclastic bone resorption. Evidence of the expression and proinflamma-
tory activity of 1L-17 has been demonstrated in RA synovium and in animal models
of RA. However, the signaling pathways that regulate 11.-17 production remain unknown.
In the present study, we investigated the role of the phosphatidylinositol 3 kinase
(PI3K)-Akt pathway in the regulation of IL-17 production in RA. PBMC were separated
from RA (n=24) patients, and stimulated with various agents (anti CD3, anti CD28,
PHA, ConA, IL-15). IL-17 levels were determined by sandwich ELISA and RT-PCR.
The production of IL-17 was significantly increased in cells treated with anti-CD3
antibody, PHA, IL-15 or MCP-1 (P<0.05). ConA also strongly induced IL-17
production (P<0.001), whereas TNF-alpha, IT.-1beta, II.-18 or TGF-beta did not. I1.-17
was detected in the PBMC of patients with osteoarthritis (OA) but their expression levels
were much lower than those of RA PBMC. Anti-CD3 antibody activated the PI3K-Akt
pathway and activation of the PI3K-Akt pathway resulted in a pronounced augmentation
of nuclear factor kappaB (NF-«kB). IL-17 production by activated PBMC in RA is
completely or partially blocked in the presence of NF-kB inhibitor PDTC and PI3K-
Akt inhibitor, wortmannin and LY294002, respectively. Whereas the inhibition of AP-1
and extracellular signal-regulated kinase (ERK)1/2 did not affect IL-17 production.
These results provide new insight into that PI3K/Akt and NF-kB dependent signal
transduction pathway could be involved in the overproduction of key inflaimmatory
cytokine, 1L-17 in rheumatoid arthritis. (Immune Network 2002;3(4):310-319)
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FrtEl s A ghake] o ghelA el A PI3K/Akeet NFxB AZAZ

Fule] A 34 9 (Rheumatoid Arthritis)S 374 ] th4]
AEZ 5 THE 5 %
(hyperplasia)e S oZ s}, Eul=& 54 Ao
7H1 50| A o] Fask QIAE A&ty U
Z k(D). 53| Fulelx 3ol A IL-1, TNFalphaol]
sk Aol Bl X871 felA e AFHA
Aol BRI FaAle] & =L i, A=
Aol E71Q19] Fali7t B Fulel s P X EA
kol A FQo3 o] E thFE L 9l

Frubel s ] A S ftel FH dES &
Aog FHo| ¥l Ao|EFRIL JEZF59] FHT

A 3

.

57 kel A 22 Yol e A ke Zlo]
S TAIZS] eigoll ojal o)3e] A7]¥olgel)
aHf AAEE] o)A AdFellA 3l So] THIE T4
= 93l v} 9la, Thl Aol &7k AFA S &I vt
Aol TAES] & tisl] A2 24 Ao 2
84o] aF=h@3). frube]l s Aol A TH S A
AE g 5wz FeAA AZelre YL o
5 e 48l o8] 9F 3ol TEL Acz
o] AZc},

AR Lol A U EE IL-15€ Fotel2 34 =%
ol A TAIZE A 3AZIck= Aol EEx4.5), A
o|E7IQ] iy I AFow AFo| H THER
S Eu|Eo] 5 HEEo FFol| 7]ofsle Aol Bt
Qle] AT} =47l g AFE 3| K3PxE o]
23 9tk IL-175 FZ CD4+TA|Eol|A Fx|st=
A Aol e g g 9lom Fulels Il
AE QT HhSoll Hosts AoE o] Al
TNFalpha, IL-13} 7222 Ato] E7FIA ] 4329} o5
ik Aol 7]dd o2 AAE = AoEFRICE
H <+ AEA FERI ek HI7HA] A Aol o)
IL-17 RANKL receptors 3t Z &4l E (osteoclast)
E BAAMNA dEz4s I bl Folsle Aol
EApdloz oeir drke). £ A EAAE L6
9} leukemia inhibitory factor (LIF) AJA-& FE3tal 1=
A Eol| A = prostaglandinE, (PGE,)$} nitric oxide (NO)<]
NS GEsk] A4 AZoll A AES] Hao} 8
AL FRAAZ F & kst 75l Jde EAE ¢
A JeH79). IL-172 E3A S 328} vl 2 gls wf Fub
Bl ] Ao Zollat HolollA] T o] A4 o] H]
= 7 A IL(10), CDA+TAHIE7F 75 3
d d8S she AR FHol Ha ok, $A A
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ABE Fupels BAGoNA L-179] dgo] x| a
Jort, IL-17 AAoll I AE U] A% A 7)Ao
el A ob2 d# R Aol g@A et o]eigt IL-179]
A 274 7)Aol gk At Fulel s PA ] vt
W 7] Ao etk olsliet M2E X8 HITE A &
Ao g A7) B Aol A= Fulels #A ] 3ka}
gl chall o)A ohekst A58 8 IL-179] A
ZABEAL o] B3t A& 2AdE AlEW A
14S otz s}9ic).
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AT 508401 Atz 30464 0]tk

¢, A83t AFA|Z = purified anti-human CD3 (BD
Biosciences Pharmingen, USA), purified anti-human CD28
(BD Biosciences Pharmingen, USA), PHA (SIGMA, USA),
ConA (SIGMA, USA)E A&3l9la AolEFelo 2=
IL-15 10 ng/ml (R&D, USA), IL-1beta 10 ng/ml (endogen,
USA), TNFalpha 10 ng/ml (Peprotech, ENGLAND), IL-18
10 ng/ml (R&D, USA), TGFbeta 10 ng/ml (R&D, USA)S
A-gslkgict. AlRIIele 2= MCP-1 10 ng/ml (R&D,
USA), MIP-1alpha 10 ng/ml (R&D, USA), MIP-1beta 10
ng/ml (R&D, USA), IL-6 10 ng/ml (R&D, USA), IL-8 10
ng/ml (R&D, USA)= AH-&3k3ith

Inhibitor 2% PDTC (NF-KB inhibitor), DEX (NF-kB
pathway blocker), Curcumin (AP-1 inhibitor), LY294002
(PI3K inhibitor), wortmannin (PI3K inhibitor), CsA, FK506
(calcineurin pathway blocker, NF-AT), Rapamycin (prevent
IL-2 dependent lymphocyte activation), SB203580 (MAPK
P38 inhibitor), PD98059 (MAPK P42/44 inhibitor) 5= A}
gehelet,
Fobel 2 289 B9 Tx 9 GHAAE Fel)
Wk, kel BAY BAZRE TEE A E
(peripheral blood mononuclear cells, PBMC)+= heparin . &
Aeld 4712 ol gsto] FAe AN F Ficoll
Paque™ (Amersham Biosciences, SWEDEN)S o] £-3}-¢]
centrifuge gradient'] & & 2g|slgich(12). Adol 443
A ZEEZ 56°Coll Al 1417 F<t 243 10% F-Hlo}
A, penicillin (100 U/ml), streptomycin (100 ug/ml)o] =
skx] A wfekol(RPMI 1,640, Gibco BRL, USA)S 7}
sho] uljokslAt). TS PBS (Phosphate-Buffered Saline)
9} 1:12 4lo] FicollZ} HFM+PBSS 1:49 H|E&=E
FicollZo] T EZ| A 2] 27| 50 ml tubeol] 48] ] o}
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= EHE 2,000 ipm, 3057 LA E2seich Buffy
coatE="HS whA] ) mbeol] B2 & PBSE AlF3ta AE
TFZ Aol 5x10° 7042 48 well plate (NUNC™, Denmark)
of] Wo]F 3L anti-CD3, anti-CD28, PHA, ConA, 14+9] o]
2] Alo] E7}Q1(IL-15, IL-1beta, TNFalpha, IL-18, TGFbeta)
7} 7| 27191 (MCP-1, MIP-lalpha, MIP-1beta, IL-6, IL-8).2-
2 2p=sto] 24417F 5 37°C wF7 ol A i gFskd et
99F 22w o 2 inhibitorES 1417 AX 2] ¥ anti-
CD3& A533ict.

Sandwich ELISA. Sandwich ELISA-§ 96 well plate
(NUNC, Denmark)ol] capture monoclonal IL-17 Ab (R&D,
USA) 4 ug/mlZ 50 uljwelld YL 4°C, ¥hA] ¥h-2-A]71 o}
S Xeh-g- N (1%BSA/PBST)S 200 uljwell®] Wi ALo
A 2A17F HE-&A) 71t} Standard 2+ recombinant human
IL-17 (R&D, USA)Z o] &3k0] 10 ng/ml~15.6 pg/ml 5
55 AHEslgict. Standard®t §4| S AlE vk
SNE 50 ulwelld Wi A-LollA] 2417+ vWESA|F et
wellS A2 -88(0.05% Tween20/Phosphate-Buffered Sa-
line) 2.2 4 A& 3}3L Biotinylated goat-anti-human IL-17
Ab (R&D, USA)Z 100 ng/mlE 3] 45to] 50 uljwelld 4
o] A-ZollA] 2417 HEGAIT] 3 AJX EH o2 41 A)H
s}9itl. wpR|eko Z = ExtraAvidin-Alkaline Phosphatase
conjugate (SIGMA, USA)E 1 :2,0002.2 3]4slo] 50
ujwelld Wi A-ol|A] 2417 HESAIZIEL AIY ¥
PNPP (Fluka, Phosphate Disodium Salt Hexahydrate)/ DEA
-l (Diethanolamine 97 ml, NaN; 0.2 g, MgCl, + 6H,0 0.1
g, 12 5575 800 ml)< 1 mg/ml FEF o] 50 ul/well
# Yol 20~30% ¥ 02 N NaOHZE HH&-& %33l 405
nm A FFEE FSABACH13,14).
RNAEE 9} IL-17¢] A A £4-PCR. Fubel~ 34
of $AZHE WY GHAE 1107 ALE A
3 vk 1 mlol] o] 24 well plate (costar, Cambridge,
MA)ll F-3F ¥ anti-CD3Z 2-53to] 12417F &<t
37°C wlE7l ol Al ksl it 219k Zo] A3 Alx®
HE] 2 RNAZ RNA zol B (TELTEST, USA)E o] £3}o]
a3,

F23 F RNAS FYo2 DNAS HEYen
Diethyl Pyrocarbonate (DEPC) &0l £3ll=|o] = 2
ug®] RNA®]| Oligo (dT) (Invitrogen, USA) 1u¢} 10 mM
dNTP mixture (TakaRa, JAPAN) 1l 7}s}aL, 65°C] <
Zol| 587 A3 3 ukE g Fofl @ g d A F T 4
ue] 5x first strand (TakaRa, JAPAN), 2ul 0.1 M DTT
(TakaRa, JAPAN), 1pl Ribonuclease Inhibitor (TakaRa,
JAPAN)®} =3tslaL, & whgHo] 2007} 5| 25 SF
£ 7kt 37°CE 227 HREAI7L ¥ 1l M-MLV
Reverse Transcriptase” (TakaRa, JAPAN)E T3}l 37°C
504, 70°C 154 ¥F-S-A1A DNAE At o] 8A 44

%l cDNA AHEg o] &3lo] SdE4L A= Alls
et

B Aol A28k 1L-17, glyceraldehyde-3- phosphate
dehydrogenase (GAPDH)®| A|%Al= =5 Genotec Co
(Korea)oll A T8l o37] AL IL-17 (sense; ATG
ACTCCTGGGAAGACCTCATTG, antisense; TTAGGCC
ACATGGTGGACAATCGG), GAPDH (sense; CGATGCT
GGGCGTGAGTAC, antisense; CGTTCAGCTCAGGGAT
GACC)& A-g3l3ich

PCR #3 5 247t A& & 4o & 445 DNA
9} PCR cycle & W7 sH A PCR& Al3Pslo] i3
o2 Z7}sk= cDNA%F PCR cycle 75 243tk
PCRE 913k Hhg 3MgHe2 3 257 5| &% 319l &
ool =AL 2512 10xreaction buffer (10 mM Tris-
HCl, pH 8.3; 15 mM MgCl; 50mM KCl; TakaRa, JAPAN),
0.5 mM®] dNTP (TakaRa, JAPAN), #% 27+ 1 M2 F+
7FA] AJBEA|L 1.25 unit®] Taq DNA polymerase (TakaRa,
JAPAN)E 33k &8 ol 11 AHA=E DNAE
A713E & AJ3¥ssivt. 555 913l Takara PCR Thermal
Cycler (TakaRa, JAPAN)E AR83l9ich wWAS 98l|A]
94°Coll 4] 187}, annealing GAPDHoYA] 56°CollA] 13,
IL-1790 A = 56°CollA] 187, A1A-S ol 4] 72°CollA] 18-
7re] 3148 GAPDHOA & 253, IL-170141% 303] 4 wt
Helgiet 94 ARTFOE U DNA AL ZFAE
A}-&-3ko] AJ3¥3k PCR HE-3-oll4] GAPDHPCR AH&o| 3%
HA $EE 3kl PCR 2999] §lae Eelstsickis).
Electrophoresis mobility shift assay (EMSA). v}€] X~
A AT DxFH kel oA o &%
(nuclear extract)E Q4%l.o.™ NFkB A 3tE G537
918 Fiel s B80] SAZYE WG A Lo
anti-CD3 (10 ug/m)2} anti-CD28 (1 ug/ml), ConA (10
ug/ml), PHA (5 ug/ml)Z 1A} 5QF A=-3}91 v). Human
IL-174 73| ol] Z2]3}= double stranded oligonucleotide
probe= IL-17 (NF-KB) sense: 5-ATG ACC TGG AAA
TAC CCA AAA TTC-3’, IL-17 (NF-KB) antisense:
5’-GAA TTT TGG GTA TTT CCA GGT CAT-3’; IL-17
(AP-1) sense: 5’-CTC ATT GGT GTC ACT GCT AC-3’,
IL-17 (AP-1) antisense: 5’-GTA GCA GTG ACA CCA
ATG AG-3% A-&3l9ich. [v-"PIdATPE T4 polynucleo-
tide kinase (TakaRa, Japan)®} purified using NucTrap col-
umns (Stratagene, USA)S A&l 5’-endol] *PZ- LabelA
Zith. NFkB binding HF-3-2 2 ug®| 3 3%} 400,000
cpm J 52 label ¥ oligonucleotide & binding buffers 2}
Z 1002 23 Aol 3027 v A1 F e DNA-pro-
tein complex= 5% polyacrylamide geloll #7]<d-53}1 2
] A7ldE F gelS ZAZAIA Xeray film (AGFA,
Belgium) 2.2 -70°C, 12A|7F 5k ZH4-A1 Zch(16).
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Supershift assay. Supershift assay+ specific antibodies
(p65, p50, L8| c-Re)E AH&3lod Eal&stqit. pos,
p30, c-Rel (Santa Cruz Laboratory, USA)E- protein¥} probe
£ k7] Aol vl e AZellA 204 &1k Al
ZAtH(16).
Western blot. A7]35< 12% SDS-PAGE (sodium do-
decyl sulfate polyacrylamide gel)& AH83}R 3L A 7|5
Al 3 lanedl] 7}ehs A EE AZE F 1x102.2 FE F
3 o] =A =45t

A 7195 & AL nitrocellulose F-2A] (Amersham Pha-
rmacia Biotech, Germany)& AH-&3}o] 4°C, 100 volt, 150
mAE 241 7F 3 thil S o] FA A AT ss B
T ZAAE a3l ol Xxk-gH(5% fat free skim milk
in Tris-Buffered Saline)ol] ©7} 2120l A] 1A 7F HF-2-A] 7
t} Aekgols wglz AFEY90.01% Tween20/Tris-
Buffered Saline)2.2 X}b&HE AH st FHAE
7ol 11,0008 3] A3k Akt 3}A|(cell signaling,
USA) =+ YPhospho-Akt &(cell signaling, USA)ZE
C, WA IS AT T FHAZ Aol A ENOE 3
3] st oA 34N o 7 HRP (horseradish perox-
idase)”} H-#% goat anti-rabbit IgG (PIERCE, USA)&E
1:1,0002.2 3] 43 3 A-Lol|A] 1A]7F &<t WA A
ok FHAE ARl AlHERew 48 AX3EIL Supe-
rsignal west Pico Chemiluminescent Substrate (PIERCE,
USA)S] £ 1,25 1: 12 4lo]A FH Aol uh-&A]7]
I X-ray film (AGFA, Belgium)oll :=3A]7 kA Agt A
53 sskln).
T cell 5445, 96 well microtiter plateol] Fr}e] 2~ 4
o $hR e HaEa LS 27 210 Y
3L PHA, ConA, IL-15, anti-CD3Z 10 ug/ml& #+s}o]
24417 wekgiet. wiok F 8 16417F Aol *H-thymidine
(NEN, Boston MA)-& 0.5 uCi® Yol FA7l A EE F
A3t & beta counter (Packard Instrument Co., Downers
Grove, INE U4 & SAZ T RIZF SA40E
=9 A3E Yelll= A=A (stimulation index, S. 1)
AT AT 591 UELE AFeA e AL
9 AR U fholw, S. 1 ghe] 2 o4l ¢
£ kA ZAHH-3(positive proliferative response) -2 7+

AR Y49 AF. AY A= AFEFAE X

o] 0.05 o|stY W FAHeE Folstrta LA
e 1}

Fulel & FA A RA), EFHZEH(0A), B3] (Normal)
o HxY N DA ENA L IL-17AA S ZA. RA,

oX
N
i)
[ON]
—_
[ON]

1200

1000 ONil EPHA
800 | T

600 | “'

400 |

200 |
o L= i N

RA OA normal

IL-17 (pg/ml)

Figure 1. Levels of IL-17 in PBMCs from RA, OA patients and
Normal. EachPBMCs were stimulated for 24 h with or without
PHA (5 ug/ml). The levels of IL-17 were measured in culture
supernatants by ELISA. Data are expressed as the meanstSEM.
One representative result of five independent experiments is
shown. The student's t test was used for statistical evaluation of
the results.

OA, NormalZHE] wxdol chal g Z2 Hglste] in
vitoFoll Al TAIZS 253k 5 IL-1744 9] Aol&
ELISAZ zAsldeh o] wf TAIZS] 2542 PHA (5
ug/m)E AHEsFACkFig. 1). ASE A 2 FEPEY
A|ZE oA+ RA (62 pg/ml+31), OA (43 pg/ml+19), nor-
mal (43 pg/ml£10)ol| A IL-172] A ] xfo|7} EAIH 2
2 ou7} gl ot PHAR A5 ¥ IL-179] A4 RA
of|lA] 2= AZE H|Ls}o](62 pg/ml+31 vs. 768 pg/ml
+295, P<0.001) A F7kske A& AT F ik
el 2od A= ¥ OA (463 pg/ml+211 vs. 768 pg/ml
+295, P<0.05)2} normal (241 pg/ml+29 vs. 768 pg/ml+
295, P<0.05)°l H]3Fo] RAOA IL-178] A 5o] =7}
Holde Ae Fdsisich.
Frulel & B 3L BxEH A ZE mitogen
oy TAIZ F&A & 53l AT F 1IL-17 Y&
. MitogenZ} TCRAFS | &3t Fulel~ #A 34}
Wl el oA IL-179] A vl Ea
Ztanti-CD39} anti-CD28, ConA X+ PHAE A}bF3}o]
IL-17434-& ELISAZ ZolH 3ttt TCRE AF3dhe=
anti-CD39] A= FEZE 1,5, 10 ugmlS AHg-3ll o
I A3 FE YEHOZ IL-17 (62 pg/ml+d, 98 pg/ml+
19, 155 pg/ml+24)2] A o] F7tsl= A& &4 F UA
o} w3k Bz Qa2 2] Al anti-CD28-5 anti-CD3
9} 3 AT+ S o anti-CD3 RHEo. 2 23S ol
Wb IL- 17 (96 pg/ml+51, 149 pg/ml+10, 211 pg/ml+6)
o] Aol FrtH oz ZI3k s IS F Ao,
ol w] FX o]EAQl ¥ anti-CD3 502 A3}
e wie} vl slick(Fig. 24). YRHH o 4l A=
&% anti-CD3 (10 ug/ml)2} anti-CD28 (1 ug/ml)ol| A= A}
= A3} v wsho] IL-17484 0] (211 pg/ml+6 vs. 42 pg/ml
£11, P<0.05) v %A F7HE S st

TAHE mitogen2. 2 <#% ConA, PHAZ A}53}9<
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Figure 2. Mitogen stimulation of I1L-17 protein.
This plot represents the mean levels of IL-17
protein in response to mitogens. AntiCD3 (1, 5,
10 ug/ml) plus antiCD28 Ab (1 ug/ml) (A);
ConA (1, 5, 10 ug/ml) (B); PHA (1, 5 ug/ml)
(C); Nil, unstimulated PBMCs. The levels of

o

conAl conAb conA 10 Nil

o] IL-179] YA S A5 B anti-CD3¢} anti-CD28E A}
WS w9} H]izslod(825 pg/mlt76 vs. 211 pg/mlt6,
P<0.05) (599 pg/ml£111 vs. 211 pg/ml+6, P<0.05) 2~
450 7= Y% F7lskSivk(Fig. 2B, O).

Frutel & 3R G2 YA oA Ao BT,
ARAA A5 T8 17 A EF}, TP A
AlzellA dFA AolEklely ARIIIEe Qs
IL-17 A4 o] W3lel=A] dolr z} sqict. 2534
O Al Eof| Blsto] IL-15 (10 ng/ml)Z x}:hﬂ Fo|=
(31 pg/ml=11 vs. 58 pg/mlt17 P<0.05) IL-172] A o]
Z7kE] gl o1}, IL-1beta (10 ng/ml)E A3k (46 pg/ml
+5)0|u} TNFalpha (10 ng/ml), IL-18 (10 ng/ml), TGFbeta
(10 ngmhZ A (26 pg/ml+7, 34 pgml+ll, 36
pg/ml=13)oll A= IL-179] A4 o] 2A525 3le] F7fst
2 ok A& #lsldchFig. 3A). 10 ng/ml] MCP-15
Aglslis W 2= A3 v aLslod (62 pg/ml+42 vs. 31
pg/mlt11 P<0.05) IL-172] Aol 2u| Al Z7}15 9
on L6 (10 ngm) & AFF3}4-S wloll = 2= Az} )
323Fd(50 pg/ml+10 vs. 31 pg/ml+ll P<0.05) IL-179]
A o] Z71E] g}, WhH el IL-8 (10 ng/ml), MIP-1alpha
(10 ng/ml), MIP-1beta (10 ng/ml)Z A}=3+ 7 -$-oll = 33
pg/ml+7, 27 pgiml+12, 31 pgml+8F A= ol o3+ &3}
7t A9 vehtA gESkek(Fig. 3B). vha IL-15, IL-
Ibeta, MCP-13} -2 Apo] E7lelo|L} AlRTIQS TAE

IL-17 were measured in culture supernatants by
PHAS ELISA.

i lanl

IL-17(pg/ml)
B [N o]
S o o

n
o
T

Nil IL-15 IL18  TGFb

B 120

< 80}

N

[~

=

~

-t

T4t T

-

0

Nil MCP-1 MIP-1a MIP-1b IL-

Figure 3. Production of IL-17 by PBMCs from RA patients. A.
Production of IL-17 by cytokine induction. PBMCs from RA
patients were stimulated for 24 h with IL-15 (10 ng/ml), IL-1beta
(10 ng/ml), TNFalpha (10 ng/ml), IL-18 (10 ng/ml), and
TGFbeta (10 ng/ml). The levels of IL-17 were measured in
culture supernatants by ELISA. Each value represents the mean
+SEM of three independent experiments. B. Production of
IL-17 by chemokine induction. PBMCs were cultured in the
presence of MCP-1 (10 ng/ml), MIP-lalpha (10 ng/ml),
MIP-1beta (10 ng/ml), IL-6 (10 ng/ml), and IL-8 (10 ng/ml).
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Figure 4. Combined effects of andCD3 (1 ug/ml) plus IL-15
(10 ng/ml), IL-1beta (10 ng/ml) or MCP-1 (10 ng/ml) on the
expression of 1L-17 protein. RA PBMCs were cultured for 24
h in the presence of cytokines (IL-15, IL-1beta) or chemokine
(MCP-1), and the concentrations of 11.-17 in culture supernatants
were determined. Measurements were made on PBMCs from
four different patients.

TEAE 53 A5 A AFEel e Wl IL-179] B4
o] ujX]= F7HARl AHE =ASIAHFig. 4).
Anti-CD3 (1 ug/ml) FE O & TAHE F&A|5 A3
Z13} B]323)] anti-CD3 (1 ug/ml)ol] IL-1beta (10 ng/ml)=
Z Aol HeldS =63 pg/mltll vs. 131 pg/ml+28 P
<0.05 2. IL-17¢] XA o] &Ju| Al F7Fslai et MCP-
10]t} IL-159] 7ol 5o & 2453k 7ol ulslo]
anti-CD38} EAoll 2261912 wl(71 pg/ml+42 vs. 110
pg/ml+33, P<0.05), (57 pg/ml£17 vs. 81 pg/ml+27, P<
005 T7tste e 247 I + Ut uhehA
IL-1beta®] 7-F-oll= ©Fo2 253 7ol 253t
A ke 73-5-9} v]s}od(31 pg/ml+13 vs. 46 pg/ml+5)
IL-179] A4 o] F7ksl& Ae AT = gl o) TA
I FEAIE 5 AT IL-betaE FAN AF31 S
73§ =02 25381905 ulel Wl asbH (131 pg/ml+28
vs. 46 pg/ml+5, P<0.005) €v] Al S7tEE e
T A3t
Srobel & BA T2EY A EoA] AEAF 7]
Zhol| JHAF A A Foll 93 IL-17 A A &3
IL-178] A4 o] u|X|& A|Eol] AZAT 7|2 ol vt o
+ NF-kB} MAPKol| IF&#Helo] Huxlx o}
IL-170] ol A5HAG 7)12hs 53 Aol 2Ax & A
o taliAe Eardl vzl glek whebA] chekst Al A%
A 717l A Al A g Helsle] IL-179] A4
S ELISAE ZAslgchFig. 5). Hxd o chsi i) ol
anti-CD3 (5 ug/ml)2} NF-kB inhibitor2 ¢#% PDTCH
DEXE X&ld 7% anti-CD3 ©r=2o.2 X g|gt 7Sl
vlsle] Z-7H38 pg/mit5 vs. 98 pg/ml+l19 P <0.005), (54
pg/mlt1l vs. 98 pg/ml+19 P<0.05)0.2 ZAHe AL
ghol&}9 2, PI3K inhibitor?] 1Y2940022} wortmannin®
7d-F-oll = anti-CD3 ©H5 0 & X 2|gt 73-F-of] nlslo] 7+2}
(38 pg/ml=10 vs. 98 pg/ml+19 P<0.005), (48 pg/ml+d
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Figure 5. Effects of protein kinase inhibitors and antirheumatic
drug on anti CD3-triggered IL-17 production by PBMCs from
RA patients. PBMCs pretreated for 1h with PDTC, curcumin,
LY294002, wortmannin, CsA, Dex, FK506, rapamycin, SB203580,
PD98059 in combination with antiCD3 Ab (5 ug/ml). Culture
supernatant were assayed for 11-17 amounts as described in
Material and methods.
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Figure 6. Effects of LY294002 or PDTC on an anti CD3
antibody-triggered 11.-17 mRNA expression by PBMCs from RA
patients. PBMCs were cultured with unstimulated (lane 1),
antiCD3 Ab (1 ug/ml) (lane 2), antiCD3 Ab (10 ug/ml) (lane
3) plus LY294002 (20uM) (lane 4) or PDTC (lane 5) for 12h.
Total RNA (2ug) was used for cDNA synthesis in a volume
of 20ul; 1l of the synthesized cDNA was used for RT-PCR
as described. 25 ul PCR reaction product was separated on an
agarose gel containing ethidium bromide. The relative intensities
of the bands were visualized in UV light.

vs. 98 pg/ml£19 P<0.05)2. 2 IL-17¢] A o] dAlE &
2L gelstglel. 2ubell calcineurin inhibitor® e A1
CsA%} FK506 AH&3l9S wlE TAIZEFEA A5
=31 11-179] ABAS 7HA&A)Z 2 MAPK P38 inhibitor
ol SB203580 %I A](47 pg/ml+22 vs. 98 pg/ml£19 P<



316 Kyoung-Woon Kim, et al.

1 23 45 67

<——p65
.4— p50

NF-kB —»

Figure 7. Effects of antiCD3 plus antiCD28, mitogen, or
cytokine on NF-kB complex in nuclear extracts of RA PBMCs.
NF-«B activity in the absence (lane 1) or presence antiCD3 Ab
plus antCD28 (lane 2), ConA 10 ug/ml (lane 3), PHA 5 ug/ml
(lane 4), and IL-15 10 ng/ml (lane 5). Supershift assay of NF-kB
site using antibodies against p65 (lane 6), p50 (lane 7). Cells
using supershift assay were pre-stimulated with antiCD3 plus
antiCD28. Arrows denote labeled oligonucleotide band shifted
upon NF-kB binding.

0.05) IL-179] A& A=Atk A S ofg] &
4 ok 2 IL-20] RESslke TAHIES 415
AAlst= WA A rapamycin, MEK-1 & A| )]l
PD980592 AH&3F 71-9(104 pg/ml+3 vs. 98 pg/ml+19
P<0.05), (106 pg/ml+12 vs. 98 pg/ml+19 P<0.05) IL-17
AAolle AL A vXA ke Ae A 9
aek Sel7b A&3E A Al gl o3 AEe 54 a3t
+ $19th(data not shown).

Srobel & S DY H Al A oA IL-17 mRNA
LE. AF7HA L1784 ELISAZ i ol 4]
289 o thS-S mRNA FFolA 5 Eelslr] st
o] RT-PCRe sl ZAs}Sick(Fig. 6). 1 At
anti-CD3°1] 2]&F IL-17 mRNAS] AL F& JEHoZ
Z7}s+9d 2™, anti-CD32} PI3K inhibitorQ] 1Y294002 <
© NF-kB inhibitor¢] PDTCE 7+o] A elslgls ul:= #}
FohA] ¢ U IL-179] mRNA AJAJo] 7H4= Zo
2 Uebte

IL-17 AFA|ol] £A]8}+= NF-xB, AP-1 A3} a7},
IL-17 A4 & HQ F2AE Adste] 4= IL-17
o] NF-kBU} AP-1 7 2ol &|EH Q1A Felelr] 9Js}o]
EMSAZ A3}l ch. Anti-CD39} anti-CD28, ConA, PHA
L} IL-152. 8 RFFslo] IL-17 A T-A| ol £A18l= NF-kB
£ ZASMZ ) Fig. 7014 B vkek 7ol anti-CD3%}
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Figure 8. Phosphorylated Akt activation in response to IL-17
inducer. PBMCs were cultured with unstimulated (lane 1),
antiCD3 Ab (10 ug/ml) (lane 2) or antiCD3 Ab (10 ug/ml) plus
LY294002 (20 uM) (lane 3) for 10 to 120 minutes. Cell lysates
were analyzed for Akt activation by western blot analysis of total
and Ser473—phosphorylated Akt (P-Akt) using specific antibodies.
P-Akt level was compared with each time point, after nor-
malization to Akt and beta actin in same sample. A represen-
tative of 3 separate experiments is shown.

anti-CD28 (lane 2), PHA (lane 4)& A3+ Foll A IL-17
o] i3k NF-kB 243t AF5381A] @52 (lane 1)ol] H
3l Z7Fsl9l oM, ConA (lane 3), IL-15 (lane 5) 3+ Z7}
g g IAY + AUArhFig. 7). ©] F anti-CD3ol| <] &
ZF=ro] NF-kB binding activity = 574 o}& el &3t Z7}
2 o]|FolHe7FE Yotiy] 913l supershift assayE Al
Y5}t o] ul] A-&3k antibody 2+ p65, p50, c-Rel Ab
& Agste] AJd¥sllar, 1 A} p6s, pS0oilA shiftE
band”7} vFeEbykth 2@} c-Rel2 A& shifte] A] 259k
(data not shown). ©F& Transcription factor?] AP-15 &3l
A% A stE] A galet AF} anti-CD39} anti-CD28,
ConA, PHA, IL-150. & A3}l % L1791 2|3+ AP-1 &
Asloll = ol M3yl ¢l9lthdata not shown).
A& 53 IL-17 A ol 1] X = PI3K/Akt AT AT
BAE A 7. AsAL 2o JHH dAAE= A
glslo] IL-175 43k A3} PI3K/Akt Ad 742 A A
E(LY294002, wortmannin)el] &3l IL-17 AAlo] A=
E A& Flslgich(Fg. 5). o213 ELISA 435 Eu)
E A55 53 IL-17 A4l o] PI3K 7 Zof| fojx]o] 9l
A LolE 7] 9184 PI3K downstreamol] EA1sF= Akt
9} olAks}hEl Akte] W3S A 7HH E western bloto 2 Z
Apslo] Hokrh(Fig. 8).

o] & W3te AF3lA b2 2717} anti-CD3E 2}
& 27 28] 3 anti-CD3$} LY294002E 7o) * &3k
Z7 || A ZA= 9T} Fig. 8oll4 K= npel 7o) 1087+
A2 gt 27 oA = AF8lA] 2 Z710]H anti-CD3ell
93} 2F =7 0]} anti-CD3ol] LY294002E A 2|3t =7
of| A QIAFSEEl Akt band®] Aol & Ho|A] ¢kSEA|RE, 30
B o] ZHE]E anti-CD3oll 93 2= & 37} Uehtr)
A ZFsto] 1A 7ol A& anti-CD3oll 2] 3F 4= & o} 3wt
ol LY29400201 &t A &3t 7 AR
Hojom 1 F 247k 447 el A = LY29400201] €]t <
A Z7t ALE ks AAE FolE = 9t oluj
ol Hol 9lA3lEl Akt bandoh= 2e] 7oz A



Fulels 3de] Ak HwEE N A FollA PI3K/Akte} NFkB AZHES F3 1117 A=A 317

25 Akt®} beta actin band+= H3}7} gle AS g}
gk 7 AE HQl 1A Ao A & anti-CD3 ©] €]
ol £ PHAL} ConA, IL-153 7+& 23 z7o| A% 9l
Ab3EEl Akt band7} F7FE| 9l oH, o|# gt Akte] FAI
LY294002% 1 o}y g} wortmannin®} PDTCS} 72 o4
AE ALs ul dAEHE K s obed] 99

I 2 Ach(data not shown).
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tz7oll vl A Sm Al IL-179] A o] Z71EE= A
S #HQle 4= 9l rhFig. 1). PHAY ConA% 78 o]
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T T YEH R 1179 Aol F7kE = AE 4
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AEZAuR2 o 2 zholelgiti(data not shown).
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S Fold = 99rh24,25). BANA TAES X33k
| £52 FeksAlsbe B Aol BT} AlRT}

sHA| == o] g A A= Aol EulE™
< A o AEE BAIAZ F Yk IL-152
WA o] Fallat zA oA ol EANsIH TAEE A9
o] IL-178 Z7HA ek Bart 9igitt@). S8l IL-
155 E3rste] frulels FA AT A F7kE o= A
S|EAR ALANE Helelol 1178 A4 E 24
sk IL-157 MCP-1-> A3 IL-179] A& S7HAIA
S w(Fig. 3) TAIZ F&A SAll A=539e 745
IL-17¢] Aol Y% F7FalSch(Fig. 4). BbHoll TNF-
alphat} IL-1beta®} o] A5 HXAAE d#F Aol &
715 IL-179] B8-S AF S7HI7IA = X 3chFig.
3). MCP-1> TAIZ9] &A1& A SV ve Bae
o AU dAAEE SAAA HHH o2
TAZS] A4S FES F & Aoz Az 9%
A AT ALAZA 9 IL-179] Tl tafiA]= o]n] v}
T =rdlAE B3d vyl ek IL-175 X 2l3F bovine
chondrocytet= NO2| A& F71A17Z %1t oluz} PKA,
INK, ERK 1/2 signale] B-a15]o] gltbx B 3sla o},
=gk TRAF 289}TRAF 67} 235 wl-$-22] embryonic fi-
broblastE AF&3t & E o4 TRAF 6+ NF-kB}
INKcascade S &3t IL-17 signaloll 9lo] FQ3 mizliALZ
B a5 vh(19). wEbA IL-17¢]] <3 A|ZE2] g4 ol] NF-
kKBU MAPK A3 7271 AF= 5 k@2l A4
d A FAEE L1702 Ayl NFxBe)
p38MAPK 22 AZAT A=t &A3t=w A IL-61h
IL-8 22 Aol&71lo] F7he ks Bl 9ok mEsk
MMP (Matrix Metallo Protenase)E A SA|A F=Z s}
Yol = Hofd 7o g AYZ-ETH23). 1E AR o AT
A HZE B3] IL-179] AAo] F2=TAlol tizlA]
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A = e 74 A2 FolHQ AAAE A&l
IL-179] A& =4 2ok WA NFkBS} PI3K<
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AR o™ (Fig. 5) Futel2 A Fhate] 2 5ol A3}
31 Q)= calcineurin A A|A|Q) CsAE IL-172] XS <A
A4 9ok wekA] o|#gk IL-179] A4S NF-«B
S} PI3K 7 2ol 9|E2Ql Aoz Az} A4 IL-179]
A Aol EASH= NFkB EAAHS 2ol EMSAE A¥)
g 3} NF-kBO| &4 o] AF F7Heve As U
T ). Supershift assayE E3 NF-kBS f3o 2
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p50Zt p657F 1= 9 e (Fig. 7), c-rel- YERFA] 953k
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KBU MAPK 22 AARIZAES d4E FAA v+
Has e s 9ick22). AEF o2 Fube|l s 3o
A IL-172 Flo|u} Felol| A F7hE|o] glom4) P
of| A E2]3t TN Zoll A= A ES 25 A Eol wte}
IL-178] A5l US 7k AS 4 & 5 U
th IL-172 TA|ZoN A A4 o] B = Ao EFIRICE -
ge TAES A3 A=t IL-179] A4 9l
Ik ol wEE A 9l THEAIE F TAIE ¢
o] vt AEZE7HA ASe -5 TAIEZ 5ol#Ql A
ol vlslo] 10w o] Aol IL-179] WA S &9l 3 &
At o] = Fule] L HA G4 HHolL} ol 9l
T B 7Y AlEEe] A& AL E Al A5}
of TA|ZofA] IL-17¢] £ & US FAAZ + e A
o7 A7bEch gk o] 8k TA|EollA IL-179] YA
PI3K/Akt A5 HEE 53l NFkB AARJIAE
A o2 A Aol He e AT T U
t} o] IL-179] AA L Fubels B gate] gt

fu

H
2404 o SiBA RS B fEsn 2=
% 53] 5% fuelo] Wol AR Bt Hlow A
25l o] Aol E7iRle A4 714E sfetela o4
&4 gl ke B O% B A8 EaE
Aolg 5 & oz Azt w3k A7bo] Kol
7]

Al Tk Fkh WA el TAIES) B4

2
o
o
ot
ok,
fr
=
bt
o
o
i)
PO
o
fi
N
=
-Of,
°

10.

11.

12.

13.

14.

. Lacey D, Sampey A, Mitchell R, Bucala R, Santos L, Leech

M, Morand E: Control of fibroblast-like synoviocyte prolif-
eration by macrophage migration inhibitory factor. Arthritis
Rheum 48(1);103-109, 2003

. Aarvak T, Chabaud M, Kallberg E, Miossec P, Natvig |B:

Change in the Th1/Th2 phenotype of memory T-cell clones
from rheumatoid arthritis synovium. Scand ] Immunol 50;
1-9, 1999

. Kim HY, Kim WU, Cho ML, Lee SK, Youn J, Kim SI, Yoo

WH, Park JH, Min JK, Lee SH, Park SH, Cho CS: Enhanced
T cell proliferative response to type II collagen and synthetic
peptide CII (255-274) in patients with rheumatoid arthritis.
Arthritis Rheum 42(10);2085-2093, 1999

. Ziolkowska M, Koc A, Luszczykiewicz G, Ksiezopolska-

Pietrzak K, Klimczak E, Chwalinska-Sadowska H, Maslinski
W: High levels of IL-17 in rheumatoid arthritis patients:
IL-15 triggers in vitro IL-17 production via cyclosporin
A-sensitive mechanism. ] Immunol 164(5);2832-2838, 2000

. Ferretti S, Bonneau O, Dubois GR, Jones CE, Trifilieff A:

IL-17, Produced by Lymphocytes and Neutrophils, Is
Necessary for Lipopolysaccharide-Induced Airway Neutr-
ophilia: IL-15 as a Possible Trigger. ] Immunol 170(4);2106-
2112, 2003

. Nakashima T, Kobayashi Y, Yamasaki S, Kawakami A,

Eguchi K, Sasaki H, Sakai H: Protein expression and func-
tional difference of modulation of the expression by osteo-
tropic factors and cytokines. Biophys Res Commun 275;
768-775, 2000

. LeGrand A, Fermor B, Fink C, Pisetsky DS, Weinberg ]B,

Vail TP, Guilak F: Intetleukin-1, tumor necrosis factor a, and
Interleukin-17 synergistically up-regulate nitric oxide and
prostaglandin E2 production in explants of human osteoar-
thritic knee menisci. Arthritis Rheum 44;2078-2083, 2001

. Attur MG, Patel RN, Abramson SB, Amin AR: Intetleukin-17

up-regulation of nitric oxide production in human osteo-
arthritis cartilage. Arthritis Rheum 40;1050-1053, 1997

. Cai L, Yin JP, Starovasnik MA, Hogue DA, Hillan KJ, Mort

JS, Filvaroff EH: Pathways by which interleukin 17 induces
articular cartilage breakdown in vitro and in vivo. Cytokine
16;10-21, 2001

Kotake S, Udagawa N, Takahashi N, Matsuzaki K, Itoh K,
Ishiyama S, Saito S, Inoue K, Kamatani N, Gillespie MT,
Martin TJ, Suda T: IL-17 in synovial fluids from patients
with rheumatoid arthritis is a potent stimulator of osteoclas-
togenesis. | Clin Invest 103;1345-1352, 1999

Chabaud M, Durand JM, Buchs N, Fossiez F, Page G,
Frappart L, Miossec P: Human interleukin-17: A T cell-
detived proinflammatory cytokine produced by the rheuma-
toid synovium. Arthritis Rheum 42(5);963-970, 1999
Papageorgiou K, Isenberg DA, Latchman DS: Optimisation
of herpes simplex virus-based vectors for delivery to human
peripheral blood mononuclear cells. ] Immunol Methods
270(2);235-246, 2002

Astutias JA, Arilla MC, Aguitre M, Gmez-Bayn N, Martnez
A, Palacios R, Snchez-Gascn F, Martnez J: Quantification
of profilins by a monoclonal antibody-based sandwich
ELISA. ] Immunol Methods 229(1-2);61-71, 1999

Das KC, White CW: Detection of thioredoxin in human



15.

16.

17.

18.

19.

Fulel &~ #he] Ao xR el Fol| A PI3K/Aktt NFxB AZAZES 3 1117 A=A

serum and biological samples using a sensitive sandwich
ELISA with digoxigenin-labeled antibody. ] Immunol Meth-
ods 211(1-2);9-20, 1998

Dufour V, Arnauld C, Lantz O, Peguillet I, Morvilliers K,
Emmanuel A, Jestin A: Quantification of porcine cytokine
gene expression using RT-PCR, a homologous internal con-
trol and chemiluminescence for microplate detection. ]
Immunol Methods 229(1-2);49-60, 1999

Han CW, Choi JH, Kim JM, Kim WY, Lee KY, Oh GT:
Glucocorticoid-mediated repression of inflammatory cytokine
production in fibroblast-like rheumatoid synoviocytes is
independent of nuclear factor-kappaB activation induced by
tumour necrosis factor alpha. Rheumatology 40(3);267-273,
2001

Flavio F. Alcantara, Dirk ]. Iglehart, Robert L. Ochs: Heparin
in plasma samples causes nonspecific binding to histones on
Western blots. J Immunol Methods 226(1-2); 11-18, 1999
Laurie ]. Jones, Matthew Gray, Stephen T. Yue, Richard P.
Haugland, Victoria L. Singet: Sensitive determination of cell
number using the CyQUANTecell proliferation assay. ]
Immunol Methods 254(1-2);85-98, 2001

Wissam H. Faour, Arturo Mancini, Qing Wen He, John A:
Di Battista, T-cell-derived Interleukin-17 Regulates the Level
and Stabilityof Cyclooxygenase-2 (COX-2) mRNA through
Restricted Activation of the p38 Mitogen-activated Protein
Kinase Cascade: ROLE OF DISTAL SEQUENCES IN
THE 3'-UNTRANSLATED REGION OF COX-2 mRNA.
J Biol Chem 278;26897-26907, 2003

20.

21.

22.

23.

24.

25.

319

Aarvak T, Chabaud M, Miossec P, Natvig |JB: IL-17 is
produced by some proinflammatory Th1/ThO cells but not
by Th2 cells. J] Immunol 162;1246-1251, 1999
Shalom-Barak T, Quach J, Lotz M: Intetleukin-17-induced
gene expression in articular chondrocytes is associated with
activation of mitogen-activated protein kinases and NF-
kappaB. ] Biol Chem 273(42);27467-27473, 1998

Tai YT, Podar K, Mitsiades N, Lin B, Mitsiades C, Gupta
D, Akiyama M, Catley L, Hideshima T, Munshi NC, Treon
SP, Anderson KC: CD40 induces human multiple myeloma
cell migration via phosphatidylinositol 3-kinase/AKT/NF-
kappa B signaling. Blood 101(7);2762-2769, 2003

Kontny E, Grabowska A, Kowalczewski ], Kurowska M,
Janicka I, Marcinkiewicz ], Maslinski W: Taurine chloramine
inhibition of cell proliferation and cytokine production by
theumatoid arthritis fibroblast-like synoviocytes. Arthritis Rheum
42(12);2552-2560, 1999

Lubberts E, Joosten LA, van de Loo FA, Schwarzenberger
P, Kolls J, van den Berg WB: Overexpression of IL-17 in
the knee joint of collagen type II immunized mice promotes
collagen arthritis and aggravates joint destruction. Inflamm
Res 51(2);102-104, 2002

LubbertsE, Joosten LA, Oppers B, van den Bersselaar I,
Coenen-de Roo CJ, Kolls JK, Schwarzenberger P, van de
Loo FA, van den Berg WB: IL-1-independent role of IL-17
in synovial inflaimmation and joint destruction during
collagen-induced arthritis. ] Immunol 167(2);1004-1013, 2001




