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Mechanism of the production of cytokine interleukin—-6 in human FLS

induced by interleukin-27
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[ Abstract ]Objective . To investigate the in vitro effects of interleukin—27 (IL-27) on the pro—inflammatory activation of human
fibroblast—like synoviocytes (FLS) ,and the underlying intracellular signaling molecules. Methods . After treatment of human FLS
with IL-27, concentration of IL-6 in culture supernatant was measured by ELISA. FLS were treated with signal pathway inhibitor for
1 hour,and then treated with 1L.—27 for 48 hours, and the supernatant of IL-6 was detected by ELISA. IL-27 treatment of FLS
at different time points, the intracellular signaling pathway phosphorylation level was detected by Western blot. Results . 11.-27
could significantly induce the release of IL—6 from both N-FLS and RA-FLS (P=0.001,P=0.001). and the concentration of IL—-6
induced by IL-27(50 ng/mL)in both N-FLS(1329.10 + 113.15) pg/mL and RA-FLS(1583.70 + 129.54) pg/ml. were higher
than those of negative control group. Different concentrations of (0,10,20,50, 100 ng/mL) IL-27 were used to treat cells at
different times(0,12,24,48 h),and it was in a dose and time dependant manner. Further study showed that the IL-6 induced
by IL-27 could be significantly suppressed by JAK inhibitor AG490 and JNK inhibitor SP600125 in both N-FLS and RA-
FLS. Phosphorylation of the intracellular signaling proteins JAK2 and JNK is significantly increased after 1L.—27 treatment in
both N-FLS and RA-FLS(JAK2: F=303.000, P=0.000 ; F=640.400, P=0.000; JNK ; F=98.840, P=0.000, F=54.820, P=0.001 ).
Conclusion :1L.-27 has the potential to amplify arthritis inflammation via the up—regulates the release of IL-6 from FLS by activating
JAK2 and JNK signaling pathways.
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Ko N SCET 4 FE 3 20 B (fibroblast—like synovio—
cyte, FLS)J& 57 1 B [B) 72 B 40 i . — , 6 AL 1 FLS
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S, 5K IR S AL SR, P14 28 27 (inter—
leukin—27,1L-27) & F1 4 & -12 (interleukin—12, IL.—
12) TR 52—, B Pk A=A, nrfe
HE T WRE ARG E , FFBE1S T AHERY T Ik & 40 53
WTRE -y, NIMTER RAEY, RA B I A1
W TL-27 W K-S v v, 3R 1L-27 e 5
RA RIRUA SIS HEE . IL-6 & RA ) —Fh e g4
WA T RA LT 1L-6 W THi , 7 H 1L-6 7K
5B I PRI B TG P B TG HEAH CFR A5
(CERB A DT C RV ) BAT R R, A it
— BRI 1L-27 78 RA KA KSRt R h e, A
ST LAGRRR 2 A1 RA JE 3 5T FLS B AR 4 B >k iF
FEXTAR, T IL-27 VEH T FLS 72 2E 1L-6 {55
Iy FEBEHLE, B AR T 1L-27 175 RA KR HLE
IFEH
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1.1 zafe kiR

K I EERRE R 1E 8 DG W B I RA JE 32 RO I Y
FLS JFAR B4 H SE [ Cell Applications 23 A
1.2 Z&%
12.1 iEsEsE WA 10908 A0 AL K T i 9 isan
MRS FE RGN T 5 em x 5 em BIESFRIEH A 37 °C.
5%CO, Wi TR A g AT H % 0% 2~3 d 4 1 W TR, TEW
s N SR FLS A KGO0, Y EE57f  FLS K 31 80%~
0%} A LA
1.2.2 1L-27 AbFR K 106 Kol SR FHBREETE AL DR it
KA FLS, e R B2 R 5x10° S /mL G40 , 3Rl T
12 FLAT (500 wI/AL) s FR4n G RE K I, b 1 i i e )
A A3%4 A 35 i MBS0 M 2 K PR 7 B Y T A B 5 T L i
FRANML 6 by I S A AR BE 1L-27 (R&D A1) & 10%3H
FEE A A= R PR A T R A B B SR, ol TL-27 e AR
10,20.50.,100 ng/mL, 73 MAAMNE TL-27 R IR A%
MR R TR R 1L—-27 AbFRAH Fon R A 3534 i 3 AN AL
37 °C.5%C0, 5535 12 .24 48 h Ji7, Wtk L3, 4 000 t/min
BLD S min, FUURE, R R&D A v FEHE G 5 W [ (enzyme
linked immunosorbent assay,ELISA)T{j‘Uﬂ'J R & M BioTek 2
FIBEHRGIEAT IL-6 KD, A E 2L R 4% 2 R G Ui i 5
123 (550 kR K& -6 A R RN 1L |
VR ECE R FLS, BUd MR A 1x10* 4 /mL 140
B ERT 24 FLARP (500 wLAL) 43 BN AAZ A - kB-a
(NF-xkB-o ) BERR AL HIF] BAY11-7082 (49K 1 wmol/L),
ERK 41 il 571] PD98059 (4 ¥ & 10 wmol/L ) , INK 1 i 5

SP600125(Z4 10 wmol/L) ,P3SMAPK #I51] SB203580( £¢
W 20 wmol/L) , JAK #IHI5] AG490 (L9 10 pumol/L) Fl
PI3K M7 1Y294002 (2 FE 10 wmol/L) 55 1 h J5 F-7E
REFE I A B E AN IL-27 (& H ¥ 50 ng/mL) 55
24 h, AEANMEESE B35, R ELISA I %2 TL-6 72 G4 -
T T
1.2.4  1L-27 %F FLS 4IAEME 540 F JAK2 1 INK 51k 5%
M FLS GHAEFIT 10 em BEFRMLA (1 x 107 ANEFRL) , T
IL-27 (4R N 50 ng/mL) 23 B4 BE N FLS 4048 0.5.15.,
30 min J5, FEEUAHE B R H . 50 g FEAL EAE T 100 g/L
SDS-PAGE J& - HL Uk J5 i PVDF JEEAE 90 V 8 F HLukKia iy 45
PETFHLHE 4 hy Hu 52 B8 PYDF B 3P (50 g/ SRR 4%
#3,10 mL/L Twwen20) Z 1B 1 h, AR IESE AR NIBUR DL
WY BRSO 43 T 4 IS R JAK2 Bidk At
INK BERRAGTARS AR . Yk H A TBST PR 5 min x 3 ¥, 433l
B HRP AR R EBC R 1eC PUATIRIEE 1 h, Fe/a e
J5 DAB W8 JEh Bk
13 “itF o

FTAT SRR 5% ) SPSS 19.0 G204 , B4 52
YDA 3R BRI + RS (v +5) R, B
2553 FL R W I ST AR AR ¢ K56 5 TL-27 1 IR ) B35 i 22
S PR A 4y 25 40 B, 4 1E) 2% 5 R LE R
LSD #5555 Z2 41 ¥ 500 LA R F B R R 5 225001, kK
HE «=0.05,

2.1 IL-27 #&4)i% N-FLS #= RA-FLS /= 4 IL-6

N-FLS 1 RA-FLS ZAIAE TG 11.-27 F3hs ] = — g
1Y TL-6[N-FLS: (486.68 + 64.39) pg/mL;RA-FLS: (585.12 +
74.84) pg/mL]|, (HME W TCG 2425 5% (1=1.410,P=0.383),
I1.-27 (50 ng/mL) Hil#4 N-FLS Fil RA-FLS /=4 (1) 11.-6 /KF-
A LT T IR TS (1=9.151, P=0.001;1=9.439, P=0.001)
Horp RA-FLS /2 £E 1Y 1L-6 7K [(1 583.70 + 129.54) pg/mL]
B N-FLS 7= ) 1L-6 ZKF[(1 329.10 = 113.15) pg/mL]|f ,
HIEGT 7225 (P=0.136,1=2.093) , A0II&T 1 7,
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Fig.1 Effect of IL-27 on the production of IL-6 release from
normal and RA-FLS
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Dy B0 1 11.-27(0, 10,20, 50,100 ng/mL) #1138 N-
FLS Fl RA-FLS 4, RN 115 WA 1L-6 [k BE45 5
7R, 20 ng/mL 1 1L-27 4l N-FLS Fl RA-FLS 404 11
116 ZKFR LB R BH S 44 =7 9 FLTE 1L-27 247 100 ng/mL
e P RIS 2 Fh AT = A 1Y TL-6 7K -3k #l b i (450 R
1 351.20 +79.55;1 485.90 = 81.31), &7 IL-27 Hill#ix 2 Fh
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JMHIF] BAY 117082(BAY, 1 pmol/L) . PI3K 7] LY294002
(LY, 10 pmol/L) ,p38MAPK i3] SB203580(SB,20 pmol/L)
JNK 4137 SP600125(SP, 10 mol/L) F1 ERK 1417/ PD98059
(PD, 10 wmol/L) , SCHRH G Hh 1 3A e B AT DLy A W b 4l 2k
SABXT AR LT ICsE VR A AR SE g PR e 245
WS, LA JAK 155 AG490 A1 JNK 1] 51SP600125 )i ,
IL-27 #5553 N-FLS Fl RA-FLS 724 IL-6 47K A e il 71
AR R R (81 3,46 3,36 4), R JAK 1 INK {5538 A0 1
Fa] @ A 1L-27 %S N-FLS Fl RA-FLS /=4 1L-6, 4%
7~ JAK A NK (G5 fES 5 T 1L-27 7 FLS X} IL-6
HEFER .

RA-FLS

© 12h
¢ © 24h
B 48h

10 20 30 40 50 60 70 80 90 100
1L-27(ng/mL)

IL-27 FI# FLS =4 IL-6 E R EIFNF SR HBi1E

Fig.2 Dose and time dependent effect of IL-27 on the induction of IL-6 release from normal and RA-FLS

R 1 IL-27 RIS N-FLS 7= IL-6 BAREER Bl it

Tab.1 Dose and time dependent effect of IL-27 on the induction of IL-6 release from N-FLS
4151 IL-6(pg/mL,12 h)  IL-6(pg/mL,24 h) IL-6(pg/mL,48 h) FAH P1H
1L.-27(0 ng/mL)Z 276.30 + 12.99 329.30 + 18.44 457.70 £ 33.65 322.460° 0.000°
1L.-27(10 ng/mL) %41 303.30 + 19.34 401.70 + 8.667* 607.00 +22.03" 14.879" 0.000
1L-27(20 ng/mL)4H 399.30 + 17.07* 553.70 £ 25.06" 829.70 + 16.41* 150.552¢ 0.000#

845.70 + 17.98™
887.70 + 24.04

578.70 £ 22.24%
781.00 + 37.29"

IL-27(50 ng/mL)4H
11.-27(100 ng/mL)%H

1 254.00 + 32.62%
1351.20 + 79.55%

T:a, 55 1-27(0 ng/mL) FEEAT G245 X ;b 1L-27(10 ng/mL) UASA Giit2472 3 s e 5 1-27(20 ng/mlL) LA it 2#5 X ;d: 45 1-27(50 ng/ml.)
AT G257 S s e B RIEON 1 F GE3-RERN PAE £ A3 S I RISS AR F SR PAE ;g S A1E0N 1) F SR PAE

%2 IL-27 R RA-FLS =2 IL-6 B RAERY Efiiie

Tab.2 Dose and time dependent effect of IL-27 on the induction of IL-6 release from RA-FLS
20 51 IL-6(pg/mL,12 h) IL-6(pg/ml.,24 h) IL-6(pg/ml.,48 h) F A8 P{H
11.-27(0 ng/mL) 21 319.70 £ 51.17 446.00 +28.79 557.70 +27.06 364.339° 0.000°
11.-27(10 ng/mL)ZH 370.00 = 31.56" 568.30 +25.98" 773.70 + 38.25* 11.812f 0.000
11.-27(20 ng/mL)%41 432.70 + 18.02* 687.00 + 23.46™ 963.00 + 18.03* 317.245¢ 0.000#

IL-27(50 ng/mL)4H
IL.-27(100 ng/mL) #1

645.30 £ 17.17%
794.30 + 25.46™

1079.00 + 18.58*
1 104.00 + 32.83"

1387.00 + 16.92%
1485.90 + 81.31

T ra, 15 L-27(0 ng/mL) LB Gei 1248 3 ;b 1L-27(10 ng/mL) WA Gei 248 3 e 5 L-27(20 ng/mL) WA Geit2# 5 X 5d 5 L-27(50 ng/mL)
AT Gt 2378 5 s e RHIRIEON. 19 F GEd LR PAE £ AU S RIS HAE R F S of PAE ;g s AE0N 1) F SR PAE
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3 CIL
B3 CTL+DMSO
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ITL+SB
TLALY
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AR

+IL-27(50ng/mlL.)
a: FH 1L-27 (50 ng/mL ) FHL S I AR AG AL, P=0.000
b: H] IL-27 ( 50 ng/mL ) JB 5 A7) SP AL, P=0.000

non of 11.-27

Bl 3 5S4 FHIHIFIIT IL-27 Kl N-FLS #1 RA-FLS F=4%
IL-6 B91EF
Fig.3 Effects of signaling molecule inhibitors on IL-27-induced
IL-6 production from normal and RA-FLS

B 3 ES9FHHIFIT IL-27 KI# N-FLS #n
RA-FLS 7=4 IL-6 FI{EM
Fig.3 Effects of signaling molecule inhibitors on IL-27-induced
IL-6 production from normal and RA-FLS

205 IL-6 ( pg/mL )
SR ( CTL4+IL-27 ) 4 1335.00 +37.53
CTL+DMSO+IL-27 4H 1280.00 + 17.90

CTL+AG+IL-27 £ 583.00 + 20.88"
CTL+BAY+IL-27 £ 1276.00 + 28.48
CTL+SP+I1-27 4 666.70 +29.04"

CTL+SB+IL-27 £ 1285.00 + 18.58
CTL+LY+IL-27 21 1242.00 +34.53
CTL+PD+IL-2 41 1324.00 + 16.48
F{H 136.721
P1H 0.000

11, 1L-27(50 ng/mL)HEES M AMEIF] AG # H, P=0.000; b 11—

27(50 ng/mL)HF5 I AR SP A, P= 0.000

x4 BESHFMHFIX IL-27 ## RA-FLS =% IL-6 B{EM
Tab.4 Effects of signaling molecule inhibitors on IL-27-induced
IL-6 production from RA-FLS

2051 1L-6 ( pg/mL )
YR ( CTL+IL-27 ) 4 1536.00 +42.35
CTL+DMSO+IL-27 2 1 446.00 + 49.54

CTL+AG+IL-27 21 616.30 + 20.34
CTL+BAY+IL-27 4 1509.00 + 55.08
CTL+SP+I1.-27 44 730.00 +30.04"

CTL+SB+IL-27 24 1418.00 +42.31
CTL+LY+IL-27 2 1462.00 = 59.04

CTL+PD+IL-2 41 1424.00 + 52.33

FAH 66.075
P 0.000

T 2, IL-27(50 ng/mL) $BLS M AIDHIF AG A EL , P=0.0005b 11—
27(50 ng/mL)FE S IS SP AH L, P=0.000

24 IL-27 #F N-FLS #= RA-FLS @ 845 5 o F JAK2 #=
INK B85 AL % v

Western blot 455 .7~ | 1L-27 (50 ng/mL)fEi%E S N-FLS
I RA-FLS i JAK2 W21k (F=63.486, P=0.000; F=395.686,
P=0.000) (Kl 4,3 5,3 6), [} 1L-27(50 ng/mL)HEIES: N-
FLS Il RA-FLS () JNK @21k (F=61.240,P=0.000; F=73.446,
P=0.000) (& 5,4 5,4 6), FR&5 4R 1L-27 7] LI E
N-FLS #l RA-FLS ZUH{5+553F JAK2 Hl INK (85RR 1k, D\
IS AR %

Phospho-JAK2
Bractin — -HE— — —

- — —
L - —

5 15 30 min

IEH# FLS

RA-FLS

4 Western blot #&il] IL-27 3t FLS 4R R JAK2 BEER 1L B9 S40R
Fig.4 Effect of IL-27 on the phosphorylation of JAK2 in FLS
by Western blot

Phospho-JNK

B-actin
[RIRY = ——
(R ————C———

5 15 30 min

5 Western blot #&i IL-27 Xt FLS £HBf R JNK BEER 1L A9 220
Fig.5 Effect of IL-27 on the phosphorylation of JNK in FLS
by Western blot

5 IL-27 i N-FLS J5,JAK2 71 INK RIBEER 1L 7K £
Tab.5 the phosphorylation of JAK2 and JNK in N-FLS
after treated with IL-27

HirEM JAK2 JNK
5 min 1.0640+0.073 5 3.4510+02505
15 min 2478 0+0.212 3 1.5410+0.1159%
30 min 3.5920+0.159 2¢ 1.052 0 £0.051 0
F{H 63.486 61.240
PIE 0.000 0.000

:a, 5 1L-27(50 ng/mL)#il# Smin A0 H, P=0.002;b. 5/ 1L-27
(50 ng/mL)H3#4 30min A, P=0.008 ; ¢; 5 i TL.-27(50 ng/mL) il
Smin A, P=0.000;a'; 5 F TL-27 (50 ng/mL) §li# 5 min A1t , P=
0.001;b': 5 A IL-27(50 ng/mL)Hl# 30 min AL, P=0.183;¢.' 5 H
IL-27(50 ng/mL)Fl#4 Smin AL, P=0.000

% 6 IL-27 I RA-FLS J5,JAK2 1 JNK BIBEER L7k 7
Tab.6 The phosphorylation of JAK2 and JNK in RA-FLS after
treated with IL-27

HirtEH JAK2 JNK
5 min 0.9350+0.076 4 4.0840+0.082 8
15 min 31850+ 02784  2.401 0+ 0.229 7
30 min 8.186 0+ 0.1451° 1.2140£0.159 0°
FAY 395.686 73.446
PiE 0.000 0.001

T a, 5] TL-27(50 ng/mL) i3 5 min AT, P=0.000;b: 5 1.-27
(50 ng/mL)FJ3#% 30 min AHH, P=0.000; ¢ 5 1L-27(50 ng/mL) H3#4
5 min Ak, P=0.000;a'; 5 ] TL.-27 (50 ng/mL) ¥4 5 min A, P=
0.001;b': 5 H 1L.-27(50 ng/mL) 41 30 min AHH., P=0.007;c."' 5 H
IL-27(50 ng/mL) i Smin 46, P=0.000
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RAJE— i LM M 0 I 9 0E S 0B A7 M B e 3Ry
FERID A SR, 75 RA BT I
A TIPS )2 19 FLS B4 AU o) D828 00 1 A8
19 EHAG (20 . — 7 1T, FLS 1] 5 | v R 84 A= R L IR
W2 BRI (NS ) , & MO it ; o) —
Jy T, FLS A R a7 A A Fh S PR M - (TNF-au
IL-1B 1 IL-17 55) Bk R 20 RS B o+ B 3k
J 4 i FE A, 5 JORE MY B2 4l AR EAE A
TN RA FBE 05T 90E , 1M 1 BB AR 19
RO TL-27 & —Fi Y 1L-6/11-12 ZJ5 4 i [
T, JEH EBI3 il p28 4Lify = — B IAT, 11L.-27 figfE
AT Z Wi e, APt RA %
() TL=27 I3 K 7B 5 i T r A LE % 0 BE 3F HL
1L-27 BY7KF-5 RA B0 1% 3l B AR G, e f g
WHRIFNEIFE RA BE ML 1L-27 KW 5 R FE,
PER 1L-27 ATREAE RA ST e v 2AG 10 G e B
YEH®, A TR 1L-27 76 RA ZOWHLEL A4 G2 18
TVER, 50 ng/mlL 4 TL—-27 HEE 5 E 35 S A
RA % CH R FLS, & P IL-27 fe il N-
FLS I RA-FLS /=4 1L-6,RA H3# 5351 FLS
FEHE TL-6 PR 5 TE 5 O R IR FLS 774 1L-6
WU BE TCSE 1225 5. IL-6 W2 RA (1956540 ity
PRI, % RA 9 32 2EE0m VR FAL R AL 48 A AH DG 1Y B
UM Th17 4HAE A 24k A K 2 v 301 38 Y A i
s RS ) R A ) S SR RE K (RN 7 e = J ik
B B P A B O B A R AR IS SR
W TL-27 w] i i FLS 724 IL-6, i H45E 55
T RS04 SERE SN, JINEE D45 B3

RA 16 & B2 v, R AE K F T 78 FLSTR
AT FIEAR AN R B B AR RO, {8 4 A A B B
PARGRF RO , N5 1 & FLS 5518 S kAR5
A, DRI FLS AR TSR Mr FIE R JAK-STAT
{55 H B CUE AR RA Rid 8 rh b T3 IR AT
RAESORAE R, Z R4 H - 18 JAKY
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