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Interleukin-23 (IL-23) is a novel pro-inflammatory cytokine
which has been implicated to play a pathogenic role in rheu-
matoid arthritis (RA). This study was undertaken to inves-
tigate the IL-23 inductive activity of the proinflammatory cy-
tokine IL-17, IL-1 2 and tumor necrosis factor (TNF- @ ) in RA
synovial fluid mononuclear cells (SFMC). Expression of
IL-23p19, IL-17, IL-1 8 and TNF- @ in joint was examined by
immunohistochemistry (IHC) of patients with RA and osteo-
arthritis (OA). The effects of IL-17 and IL-1 & on expression
of IL-23p19 in human SFMC from RA patients were de-
termined by reverse transcriptase chain reaction (RT-PCR)
and enzyme-linked immunosorbent assay (ELISA). IL-23p19
was expressed in the RA fibroblast like synoviocyte (FLS),
but not from OA FLS. Similar to the protein expression,
IL-23p19 mRNA could be detected by RT-PCR in RA SFMC.
IL-17 and IL-1 A could induce RA SFMC to produce the
IL-23p19. The effects of IL-17 were much stronger than
IL-1 8 or TNF- @ . These responses were observed in a dose-
responsive manner. In addition, IL-17 or IL-1 & neutralizing
antibody down-regulated the expression of IL-23p19 induced
by LPS in RA-SFMC. Our results demonstrate that IL-23p19
is overexpressed in RA synovium and IL-17 and IL-1 8 ap-
pears to upregulate the expression of IL-23p19 in RA-SFMC.
[Immune Network 2008;8(1):29-37]
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HREET Thie] el 52l QAZM(14,15), p3s9t
p402] 5 71| o}8S 7}A 1 1= o] ¥ o] =kA| (heterodimeric)
o[th(16,17). IL-125= T AE 2k ALl Al2Eo] 9] gk IFN- ¥
gl ZAEst AEAEA 28310 (18), 1L-12¢] 23l A=
IFN- 7 & GM-CSFe} §A A A2 2183 IL-12484
< 308k A F=y mihlgo s FEskth(19-21), 1L-23
£ 1L-12p40 KO vR-220f) 9lofA] Thase WY wh-g-o] Awr}
p35 KO 9204 Ht} A8tA] Uept7] wiiEel|(22-24), p40
I} Agste] WY 9he-S fEdhe & thE Ao ETII o} o]
&A1 & Folgte 7Hgste BAHATH25). &, IL-23% IL-
12p35 ob& ol &89 11-6 helical Alo]E7FS] FA T AL
3 AdS AN Axt BAH p197} 1L-129) pdo o}F 3} o3
olFAE FATLEN Jee T F ol EAHATH20).
o] T Afo|E7)ole] #2409 FEHL pd0E TRl AR
Fhelolgl= M7} ol9) o]FolgAle] FelE Pt o<l
P35, pl9 5 IL-6 A9 2M Conserver regiong 7FA|aL
Aok Holth(27). olg} 2ol IL-23¢ IL-129F 22L& 15
&3 A 0 [L-1294= T 24 Thi7e 232 22 AlA 11-179
HAS S7HAA BEYG dyT &6l Fagh 98 3t
ATH(28,29).
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ATFE v S gAY o] f-g] AF Ao et
Azol|A, 1179 o3 1L-230] F7HES Eardk} Ith(34).
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d m= Falg)A 8F3)(American College of Rheumatology,
ACR)®] RA £57 7|&2 47HA] o} WEA)7] 38% 9] RA &
A5 tde g Y= gidate] e ool 309 o)
o, Htrfol= o240t B ATE 7HEEFYIEY ¢
FaATde] TS 45k Agskch

A2t
LPS (SIGMA, USA), recombinant human IL-17 (1~10 ng/ml
(R&D, USA)), recombinant human IL-1 8 (1~10 ng/ml)¥} re-
combinant human TNF-& (1~10 ng/ml (Endogen, USA))&
AHgEtelh, 2438} A2 and 1L-17 10 ug/ml (R&D, USA),
anti 1L-1 8 (R&D, USA)9} anti TNF- @ (R&D, USA)E AH&-3}4]
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kitg AHgate] dAstlon, Sefolud FaE HAAS 24
A} oek-E 2 duiebas FE A7 F 3% H2022 W91
A3l aAE 2FA7|a, lakal 59 (phosphate buffered
saline, PBS) 0.2 gttt H|5o|A Q] whg-5 Add H24 0
2 anti-mouse serum= 30% ¥F$-A]7] & primary AbS 4°Coll
A TL-1b,I1-17, TL-23p19, TNF-a (R&D systems, 1 : 100)& Uh&
G(16~18 h)7HA] ¥F-SAIATE. Primary Ab §Hg $ ZAgto] ot
© A E PBSE FAlstaL wko] o Rlo] A o|x} Ao} 3
2beta vt A streptavidindh-g-2 A7l & DABOZ A
AlZIt}, Mayer's SntEAd o2 = gAgt & FA8kL &
sto] Fetgn|Foz FFsct
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SFMC £z

HHEA x| &l M E(Synovial fluid mononuclear cells,
SFMC)E £2]517] a- &y El(Synovial fluid)& hep-
arin® 2 A gk FAIE o83t AHHd F dHTAEE
Ficoll-Paque TM (Amersham Biosciences, SWEDEN)S ©|-8-&
& centriguge gradient 02 £e|35ich. gl ALSH A2
E2 56°ColA 1AIRE F9F E2AskE 10% - ejop ¥H,
Penicillin (100 U/ml) Streptomycine (100 g/ml)e] EgHe A|3E
okl (RPMI 1,640, Gibco BRL, USA)S A7k} 1: 12 4
Ficoll#} vy oz 3143 SHS 1 : 42] H|EE Ficoll &9|
BEHAA| &7 50 ml wbedl] AA3] WL 3 FAS 2,000
rpm, 3023t A4lEe] aHrt. Buffy coat Zhe whAl A tbe
of &2 T PBSE A3t A FE 7K the ol dEl A



IL-23 P19 Expression Induced by IL-17 and IL-1 2 in Rheumatoid Arthritis Synovial Mononuclear Cells

EE A3, non T MES] AR CD3+ T A|EE
MACs beadZ o] &3+ £ stof A7g 5 ARgsHqiT. A2
£ anti-human CD3+ Micro beed (Milteny biotec, Bergisch
Gladbach, Germany)9} 4°C, 1583+ ¥h3- A|71 5 1% BSA,
2 mM EDTA (Amresco Ohio USA)7} X8t PBSEH(pH7.4)
02 A3 Column (Milteny biotec)S EHA|A WA £
o2 CD3+ THZE ®e3hat.

AO|EFHI £H

Sandwich ELISA-§ 96 Well plate (NUNC, Denmark)dl] capture
monoclonal 1L-23p19 antibody (Ab) (R&D, SA), 4 ug/mlZ 50
Wml¥ 931, 4°Co W) W-3A17) T Ahekgol (1% Bovine
serum albumin (BSA)/0.05% Tween 20°] $+%¥ Phosphate
buffered saline (PBST)S 200 ul/well¥ Y11 21L0A] 2A]7F
WA 71T}, A1Z3} recombinant human 1L-23p19 (R&D, USA)
< 10000~15 pg/ml o]-&ate] AA 2417F BHEAZT
Well& AJZ{H(0.05% PBST) .2 4% A &}aL Biotinylated
goat-anti-human IL-12p40 monoclonal Ab (R&D, USA)E 300
ng/ml= 50 ul/well¥ o] Aex] 2A7F wbgAI7] F 4%
A2 3kt vhA|E o 2= ExtraAvidin-Alkaline Phosphatase
conjugate (SIGMA, USA)E 1 : 200022 3]43}e] 50 ul/well
A P93 Ao 247 ¥SA7|A AlH F PNPP (Fluka,
Phosphate Disodium Salt Hexahydrate)/DEA £9-& 1 mg/ml
FER 5o 50 ul/well® Eo] 20~30% F 0.2 N NaOH=Z
WSS HFL 405 nm A FBEE SASSIC

RNA 22|2} IL.-23p19 & FA} S&tsAHL
G Bl o) FHAE 1310709 AEE AZ wj)
1 mlell ¥o] 24 well plate (costar, Cambridge, MA)ol| F-f-3F
TIPS A5 B AR §lo] 12417 5<F 37°C v TIolA] vl
sk, flet ol A2jgh MEZTE F RNAS RNA zol BTM
(TEL TEST, Friendswood, TX)Z o83} F=314t}t. %3
% RNAE T30 & DNAE $H4d317] 9l5te] 0.5 ug random
ninemer (TakaRA, Shiga, JAPAN)9} 70°CollA] 58 HF3-A|7] F
4°Col FY A7l Y2 10 mM dNTP mix (Invitrogen,
Carlsbad, California) 1 ul, & A} &4 M-MulV (MBI
Fermentas, Hanover, MD) lunit, 5X M-MuLV 3]4]-& (MBI
Fermentas) 4 ul, RNase Imhibitor (MBI Fermentas) 0.5 ul&
7Fskal A S nuclease free water (Promeg, Madison, W1) 20
ulE 23 5 25°C 108, 42°CollA] 60, 72°ColA] 1027F vHe-
AZet, ol EAl AAE DNA AHES o]g3te] FHEL 13
W3S AlQSGITh £ A3 oA A3 GAPDH, 1123p19¢] Al
WA= 25 Genotec Co (Seoul, Korea)ol|A] T8ttt <47]
M P (5-3): IL-23p19 sense GCA GAT TCC AAG CCT CAG
TC, IL-23p19 anti sense TTC AAC ATA TGC AGG TCC CA and
glyceraldehydes-3-phosphate dehydrogenase (GAPDH) sense
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CGA TGC TGG GCG TGA C, GAPDH anti sense CGT TCA
GCT CAG GGA TGA CCE AR&3}e, 94°CollA] 30%, GAPDH
55°C/IL-23p19 60°CollA] 13, 55°CollA] 253] Alg3}itt, PCR
2 93 uke SFEL F 25 Wt HEE S, oo 24
£ 2.5 ul?] 10Xreaction buffer (10 mM Tris-HCl, pH 8.3: 15
mM MgCI2: 50 mM KCl; Takara, Shiga, Japan), 0.5 mM9]
dNTP (Takara, Shiga, Japan)S ARE3IY 5L 93|
Dual-bay Thermal cycler system (M Research)Z A&} it}
SN ZFOT =23l (DNA Al ZE5-2 AL4351e] A8t
PCRYH-l|4] PCR 2HEo] #atE|A] ¥ES 3te PCR 2 Yo
S Felshgdet, PCRo] b 9] Wk3-EL 1,5% agarose
gelolX A7]19E 3t gelgiet.

SAH Roldel HE

4y A FrEEeds EUNCH BAY felde
SPSS &A| 2 I WM(version 11,5, Chicago, IC)& A&} stu-
dent's t-teatZ AABFIL PFLol 0.050]3F & u] SAZFHCR
$ro) Bk EHss

2 o

SJOIE|AREE StXto| ZUMIZAAMS HSHAO|ETFIE!
IL-23, IL-17, IL-1 3, TINFa 98 XA}

FuE|2B- Y Aol R4 Y e @ 2 A, #H
Suhy] AN H&T} IL-23, 117, IL-1 5, TNF-a o] %
FE ks 3], 22 dYsiE NS ot gl
shltt. 2 A%, Fule 2@l Sz o] WA ET} 9
u] QA F7hE o] glon 1L-23p19, IL-17, IL-1 B, TNF-a o] &
WHFAN = A Hd =HA] gton, FulE 2w Hellx
ol& Alo|EZIRI o] owgiAl 7t g It
(Fig. 1).

UXYW CHUN|ZL(PBMC)Qt &l T A (SFMC)0 A
IL-23p19 &al EAL

NS Eelsd
IL-23p199] AL vlustglet. AEES 22l & F, &5 WY
Mo Al A uljFS AEU] IL-23p192] mRNA &S RT-PCR
2 2ARFeH ofuf wxE ey o Hste] gl T3
A Z A 1L-23p192] mRNA Wdo] SAH g FojatA Z7}
] Ach(Fig. 24). vjFe AE wiFA A 123 BAES Sand-
wich ELISAZ ZA}e}SaL ojuf IL-23 YAUE L= A i3l
A|Zo| vate] & DA A 1L-23p192] Ado] TAHL
2 FofstA 7= SAckFg. 2B).
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H&E

Figure 1. The expression of 1L-23, IL-17, IL-1 8 and TNFa in RA and OA synovium. Expression levels of IL-23, IL-17, IL.- 14 and TNFa in
synovium were obtained from RA and OA patients. Expression level of SDF-1 and MIF were detected by immunohistochemical stain. Hematoxylin
and eosin-stained section of RA and OA synovium showed intense inflammatory infiltrates. The data represent the results of a typical experiment

conducted at least three times with similar.
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Figure 2. The expression of IL-23 in RA PBMC and SFMC. (A) RA PBMC or SFMC were cultured for 16hours. Total RNAs were extracted and
analyzed by RT-PCR using specific primers for human IL-23p19 c¢cDNA sequences. beta-actin mRNA was used as an internal control. Values
represent the means and SEM of 4 experiments. **p<0.01 compared with the expression of 1.-23p19 of the RA-PBMC. (B) The RA PBMC
or SFMC were cultured for 48 hours, then, the concentrations of IL-23 in the conditioned media were measured by sandwich ELISA. Values
represent the means and SEM of 4 experiments. **p<0.01 compared with the production of 1L-23p19 of the RA-PBMC.
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Figure 3. The Effects of IL-17 and IL-1 Zon the expression of IL-23p19 mRNA in RA-SFMC. RA-SFMC were cultured in the presence of recombinant
human IL-17 (1~10 ng/ml), IL-1 8 (1~10 ng/ml), or/and TNF @ (1 ~10 ng/ml) for 16 hours. Total RNAs were extracted and analyzed by RT-PCR
using specific primers for human 1L-23p19 cDNA sequences. beta-actin mRNA was used as an internal control. Values represent the means
and SEM of 4 experiments. *p<0.05 and **p<0.01 compared with the production of IL-23p19 of the un-stimulated cells (A). **p<0.01 compared

with the production of 1L.-23p19 of the IL-17 stimulated SFMC (B).

SAHeR s 1L-23p19 wdo] F7sIth. shAE
IL-177} TNF- @ & 282 11 B 9} 23 w2 1L-23p19 S
Z7MA7)A B}, 1L-17, 11 8, TNF-a & S| A=8<
uf 27§ 2E& F3lA S7HEAE 1L-23p199] WEkET) =
A S7MPNAE Sake Ao ZALEITHFEg. 3B).

ol MZo|M H|XIZ| TM[Z(non T cel)E 22|5t06 IL-
23p19 U | XA}

1235 W] T A2}t 22 FIAANAZAN T2 88, 2
HE= Apo]EFRRloITt, &t NEZRE] beedE ©]&3}]
CD3 THIEE #2late] AAGS vzb7] THERF g531d o]
E A|E) IL-17 (1, 10 ng/ml), IL-1 B (1, 10 ng/ml)9} TNF- &
(1, 10 ng/m)E AF=3ted IL-23p199] W& ZARESITE, o]
gk v A Z el e A EARY AR 2 dsiAE
oA ®olFE ZAF(Fig. 3A, B9t FUEA 1L-177 1L- B <3
IL-23p199] W&o] ou|UA| E7= A aL(Fig. 4A) IL-173} IL-

188 FA o A=FS ul 11-23p192] wHo] ojw|A 714
< ZAPBHYItHFig. 4B).

b EHHMZOIA] IL-17, IL-1 8, TNF-2 O|F AIO|EFIIS

=

FEHSIRS M, IL-23p199] Wi XA
Folel2gd Y $7) B9 UM ES 1pSE AFeke] AL B

e e F 117, -1 8, TNF-a o] 59| $3IAE AH&

ato] o]59] A HEE A wf 1-23p198E 3} o] =
b3 lE]
=

A AR SHEAE LPS A58 B3l 1L-23p19%
o] FAsle T HAANETEL [1-177 I1-1 £ & A8l 99S
o, 1L-23p199] Edo] FAHSE foalA TraE o, of
E T MY AllEFIRIE Al AdEhd 1L-23p192] o]
SAHOE FosH ts TAES ZARIITHFg. 5A). AlE
Hjokl Yol X ® A IL-177 1L-1 8 9 xbehel] <& IL-23p19
R BE 2AFFSITHFig. SB).

IMMUNE NETWORK 33



34

1L-23 P19 Expression Induced by IL-17 and IL-1 £ in Rheumatoid Arthritis Synovial Mononuclear Cells

Mi-La Cho, et. al.

c
2
g o

A ©S
5 s |
=
[ad 4 *
IS
SR *
o
[2¢] 2 -
o
: - m B
- . 1
Zz 5
3 IL-17 IL-17 TNFa. TNFa IL-18 IL-1B
o Ing/ml 10ng/ml Ing/ml 10ng/ml Ing/ml 10ng/ml
c 12
2

B8 o
o *
) s L *
<
&
c 6
(o}
B4t
™
o
3 2 7 -
E i
=)
3 IL-17 TNFa IL-18 IL-17 IL-17 TNFa IL-17
T IL-18 TNFo. IL-1B IL-1B

TNFa

Figure 4. The Effects of IL-17 and IL-1 8 on the expression of IL-23p19 mRNA in RA-SFMC non T cells. RA-SSFMC non T cells were cultured

in the presence of recombinant human IL-17 (1~10 ng/ml),

IL-8(1~10 ng/ml),

or/and TNF @ (1~10 ng/ml) for 16 hours. Total RNAs were

extracted and analyzed by RT-PCR using specific primers for human 1L-23p19 cDNA sequences. beta-actin mRNA was used as an internal control.
Values represent the means and SEM of 4 experiments. *p<0.05 and **p<0.01 compared with the production of 1L.-23p19 of the un-stimulated
cells (A). **p<0.01 compared with the production of 1L-23p19 of the IL-17 stimulated SFMC (B).
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Figure 5. The Effect of IL-17 neutralizing antibody on the LPS induced IL-23 expression and production in RA-SFMC. (A) RA SFMC were cultured
with LPS in the presence and absence of IL-17 neutralizing antibody, IL-1 8 neutralizing antibody or/and TNF @ neutralizing antibody for 16hours.
Total RNAs were extracted and analyzed by RT-PCR using specific primers for human 1L-23p19 cDNA sequences. beta-actin mRNA was used
as an internal control. Values represent the means and SEM of 4 experiments. *p<0.05 compared with the expression of 1L.-23p19 of the RA-PBMC
stimulated with LPS. #p<0.05 compared with the expression of 1L.-23p19 of the RA-PBMC stimulated with LPS plus IL-17 neutralizing antibody.
(B) RA SFMC were cultured with LPS in the presence and absence of IL-17 neutralizing antibody, IL-1 8 neutralizing antibody or/and TNF «
neutralizing antibody for 48 hours, then, the concentrations of 1L-23 in the conditioned media were measured by sandwich ELISA. Values represent
the means and SEM of 4 experiments. *p<0.05 compared with the expression of 1L.-23p19 of the RA-SFMC stimulated with LPS. #p <0.05
compared with the expression of 1L-23p19 of the RA-SFMC stimulated with LPS plus IL-17 neutralizing antibody.
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