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IL-10 Inihibits VEGF Production in the Synovial Fibroblasts of RA Patients
via Down-regulation of the ERK and AP-1 Pathways

Seon-Yeong Lee, Mi-La Cho, Mi-Kyung Park, Hye-Jwa Oh,
Sung-Hwan Park, Ho-Youn Kim

Rheumatism Research Center, Catholic Institutes of Medical Science,
The Catholic University of Korea, College of Medicine, Seoul, Korea

Objective: Interleukin (IL)-10 has been demonstrated to have anti-inflammatory and anti-tumour
activity. Because aberrant angiogenesis is a significant pathogenic component of tumor growth
and chronic inflammation, we investigated the effect of IL-10 on the production of vascular
endothelial growth factor (VEGF) by the synovial fibroblasts derived from the patients with
rheumatoid arthritis (RA).

Methods: Fibroblast-like synoviocytes (FLS) were cultured with transforming growth factor
(TGF- ) alone or with IL-10. The level of VEGF was measured by RT-PCR and enzyme-linked
immunosorbent assay (using the 24, 48 and 72 h culture supernatants). The FLSs were cultured
with TGF-b for 48 hr in the presence of PD98059 (an ERK inhibitor), curcumin and SP600125
(a JNK and Ap-1 inhibitor, respectively). The level of VEGF in the supernatants was measured
by ELISA. Cell viability was assessed using MTT assay. The expressions of VEGF, ERK, AP-1
and IL-10 in the synovial tissue were quantified by immunohistochemistry.

Results: IL-10 exhibited the inhibitory effect on VEGF production when the FLSs were
stimulated with TGF- /4. ERK and AP-1 inhibitors inhibited the TGF- 4 induced VEGF production.
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Moreover, TGF-£ increased the phosphorylation of ERK and C-Jun, which was significantly

inhibited by the IL-10.

Conclusion: IL-10 may exert an antiangiogenic effect by inhibiting the ERK- and AP-1 mediated
VEGF expression in rheumatoid synovial fibroblasts.

Key Words: IL-10, VEGF, ERK, AP-1, Rheuamtoid arthritis synovial fibroblast
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Vascular endothelial growth factor (VEGF)& =tlo]
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forming growth factor (TGF)- /£, interleukin (IL)-1, IL-6,
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Dulbecco’s modified Eagle’s medium (DMEM, Gibco,
Califonia, USA)°ll 4 mg/mLe] HX2] type 1 collage-
nase (Worthingion Bio-chemical, NJ, USA)$} 7|
37°C water bathollA 4A]17F E<F vEE A Zc) HES
o] ¥ =L 500 gollA AR 3L 20% fe-
tal bovine serum (FBS, Gibco, Califonia, USA), L-gu-
tamin (sigma, MO, USA) 2 mM, penicillin (Sigma,
MO, USA) 100 units/mLI} streptomycin 100 /zg/mL
o] .Cé_o_]cﬂ‘— DMEM HHOl:OHOE /]k] % 25 cm
gkl ol 37°C, 5% CO,° wiF7ollA] wHoks)
of, Zut AEE At 4799 FAAellA Hed 2
T AEE 5004 6”d Atole] Al mEF A-g3HS
ouw, 24 well pateol]l 1x10%mL, 6 mm* disholl
1X107mLe] FER AEE st
ferring selenium A (ITSA, invitrogen, California, USA)
7} Z&= serum free DMEM BHFoH © & giarvation
s}lcl. TGF-8 (R&D system, MN, USA)= 10 ng/
mLe FTEZ Hglshd, IL-10 (R&D system, MN,
USA)Z 1, 10, 20, 50 ng/mLe] FEZ X3}y om,
PD98059 (sigma, MO, USA), curcummin (sigma, MO,
USA), SP600125 (sigma, MO, USA)E= 2417+ A4 e
sle] TGF-8 AHelstAu IL-10 37 A elsle] 37°C,
5% wE7 el A uhF sk

ruhz

insulin trans-

3. SFMC £2|

BAd 3kA}e] & A E(synovial fluid mononuclear
cells, SEMOE Relsh7] sl B gals s
2 Aeln 2AAE o] fsto] AW & chalT A
X& Ficoll-Paque TM (Amersham Biosciences, Uppsala,
SWEDEN)E- ©]8-3}o] centriguge gradient &2 ]
stolel. A# 3k B pBSO| 1: 49 H|EF 3] A3}
o] Ficoll Fo] SEZHAA Al 50 mL tubeol] A
s wg thg 2,000 pm, 3087+ YA shgich
44 Ee] & Buffy coat S whA A tubeol] &
< ¥ PBSE 1,500 rpmeollA S5E7F 44 Eelsted,
SFMCRFE- 2] 3t}

4. VEGF®Q} IL-10 ELISA

Sandwich ELISA§ 96 well plate (NUNC, Kam-
strupvej, Denmark)el| capture monoclonal antibody VEGF
(R&D system, MN, USA)Z} IL-10 2+ 7+ 2 pg/ mLE

of 2] : FubA|Eol|A] IL-109] 2]+ VEGF A

AeoflA] 2417k HEE A7) F 2k 29l(1% bovine
serum albumin (BSA)/0.05% Tween20)°] &
phate buffered saline (PBS, Gibco, Califonia, USA)<
Hryste] AgollAl 247F ®ESAIZ Tl Recombinant
human VEGFZ} IL-102 Z+ 5,000~78.125 pg/mLZE
3| Mste] Hrbslar, AZolA 2417 vEEAIZ Lk "E
S ¥ 005% PBSTOE 441 AlXsl9]r). Biotinylated an-
ti-human VEGF (R&D system, MN, USA)Z} IL-10
(R&D system, MN, USA)< Z+ 200 ng/mLﬂ =
Hrvsla AellA] 241 7F WEEAIZL F 4 A3
t}. ExtraAvidin-Alkaline Phosphatase conjugate (Sigma,
MO, USA)E 1:2,0002.2 3]Aslo] rlsle] A
ollA] 2A7F HF-EA]7]aL AlH ¥ Phosphate Disodium
salt Hexahydrate (PNPP)/DEA (Fluka, MO, USA) £}

FERE Huksto] wbg A7k HbE $F
02N NaOHZE HF3-& W3 405 nm FHFollA &3
55 s

s+5-% phos-

< 1 mg/mL 5

5. MTT assay

96 well plateol] 1><103/mL9/] T8 AEE wjgd
o, ITSA7} Z3F5]l serum free DMEM wokolo g

starvationgtt}. TGF- 58+ 10 ngmLe] TEF X 2|3}
™, IL-10 1, 10, 20, 50 ng/mLe] EEZ X3}

ow, 48417k B 37°C, 5% wlF7ICNA Wl &3
t}. of7]oll MTT £<H(Thiazolyl blue, 2.5 mg/mL, in
deiodinized H,0) 10 L& E3Fslo] 447k FoF Hb
SAIZ & 587 44 EElslka, o37]el 0.04 M HCI
100 L& H7bstar s b Aol WA s ert
ELISA #E7]2 595 nm=E Z733}3ic}.

6. RT-PCR

AFA7E AR ot ALZEE F RNAZ
RNA zol-B (TEL-TEST, TX, USA)E o]&3lo] =%
stel 2 gl RNA©] Random primer 1 pLE 7}
sho] 70°COIA SEZE WHE F vk gl wt
3 W AFE of7]e 4 «Le 5x M-MULV buffer
(Intron, seoul, Korea), 1 «#L2] 10 mM dNTP (Intron,
seoul, Korea), 0.5 L RNase inhibitor (Intron, seoul,
Korea)2} =313t & & ubg Ho| 19 L7} HEH
ZHTE 7heldh 25°CellA] SEZE ubS A ¥ 1
©Le 9 AHA &4 M-MULV (Intron, seoul, Korea)
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£ felar 25°CeollA]l 5E, 42°CollA] 604, 72°CellA]
1087 WH-2A1A DNAS A9} oA A=
cDNAZHE S o] &3] FRAL Asinbe5 Aldst
Atk G7] A9 VEGF (sense: CAG CAA GCT
TAA CTG GGC ACA GAA AGG GAC CG, anti-
sense: AGG TTC TAG ATC AGG GGG AGC AGG
CAG GC), IL-10 (sense: AAA TTT GGT TCT AGG
CCG GG, antisense: GAG TAC AGG GGC ATG
ATA TC), GAPDH (sense: CGA TGC TGG GCG
TGA GTA C, antisense: CGT TCA GCT CAG GGA
TGA COE A&33ivh. PCR &4 F 247 A= ¢
E o F o HAAE cDNAS} PCR cycle 5 H7H
3l A PCRE Ald¥ste] dlFd og ZF7lsl= cDNA
%I PCR cycle 75 ZAAsArt. VEGFlA = WA
S 98l 94°C 45, annealing 59°C 30%7F, A&
72°C 30&7Fe] #AS 303] €hE3sl9l o GAPDHo
Ae HAS 98l 94°C 45%, annealing 59°C 30%
Zh, AR 72°C 3027+ #AA S 223 WHESlS

4 WzToZ FE3% DNA til SFTE Yol
PCR “Hgo] 4=z REF slo] PCRo| 243¢]

e FA sk
7. Western blot

10% SDS-PAGEe]] ¥ zFe] whulA-S 4°CollA 80
VE A714F stglen, A7ldE = M A
< nitrocellulose SZAE AF£30] 4°C 250 mA°lA]
2A17F FF Aol FRAR o] FAIZ ek A o]
Bol B F FAAZT Lelahdlol A FUs%
fat-free skin milk in Tris-bufferd saline, 5% BSA in
Tris-bufferd saline)ol] ©7} A-2olA 1A]7F HE-S-A| A
} ¥ke % 1:1,00002 3]43F & ERK (Santa-
cruze, Califonia, USA), & phospho ERK (Santacruze,
Califonia, USA), ¥ AP-1 (Santacruze, Califonia, USA)
3} phospho AP-1 (Santacruze, Califonia, USA), @&
Zy7k 4°Col| A 12~16A|7F HF2A]F|3L, horseradish
peroxidase (HRP)7} H-#+=] goat anti-mouse IgG (San-
tacruze, Califonia, USA) Z+ZHS 1 : 1,000 2 3] 43}
o] AZoA A7 Ft HEGAIZE vhge] ¥
% Supersignal West Pico Chemiluminescent Substrate
(Pierce, Rockford, USA)S] £ 1, 25 1:1& 4

A FARA N HESAIZIAL Xy HBEoll 2F3AA &
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e WU et Tefdk F AR E ol&

m AHZ "gtEo] Soolsol £ F &
ul5A213 ol %] (hematoxylin-eosin)3 A& to] %
o du|F oz BAsGct AolEgle] W Ax
£ B7] 9sl Mz 3} gAH oz ABC (vector
laborites, Califonia, USA)E AH-&3to] <dAslol o,
Etolmel RBd AHE AL detz g3t
g3} s A F 3% H0,E W U4 Tkt
25 AkA7)a PBSE FAlstch Bl HeolFQl
S5 AHd HEH 02 blocking EHOZ 308 Hb
7l % primary AbE 4°CollA] ERK (Santacruze,
Califonia, USA), AP-1 (Santacruze, Califonia, USA),
IL-10 (R&D system, MN, USA), VEGF (R&D system,
MN, USA)E 16~ 18417t HF-&-A|Zt}. Primary Ab Wb
s ¥ Aol < FAE PBSE FAlSlAL vwlol e
elo] ZA%ke o4 aAle} A%} w7} AR step
tavidiniF-32 A]7]1 & DABO E WHH AJF ) Mayer’s

=
dnfEAdes tzdad ¥ FAlela 2l
& og

A Aoe H{+EFLAE vetdon, FAA
T AL Student’s ttestE AAIBF I pgkol 0.05¢]
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1. FOIE|ARE XL &8t NEZ0IAM IL-100H
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Futel e 8248 &t A ZollA TGF- ol
ol3l] Z7}%l VEGF7} IL-100] 93] =Ao] m&XA
dolH wz}, gt AE 1x10° celymLE miekEl AE
ol TGF-5 10 ng/mLe] EE=Z A3t IL-10S 1,
10, 20, 50 ng/mLe EE& 37 Helsle] 1247+
¥ VEGF mRNA +F& #H7stsich. 23 TGF- 8 ol
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Fig. 1. IL-10 inhibits the VEGF mRNA in the TGF-#
stimulated RA synovial fibroblasts. The FLSs
were cultured with TGF- 8 (10 ng/mL) alone or
with the indicated concentrations of IL-10 (1~50
ng/mL) for 12 h. The mRNA level of VEGF was
measured by RT-PCR. The data is expressed as
the meants.d. of three independent experiments
(*p<0-05, **p<0.01 versus the that were well
treated with TGF-/ alone).
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£ slgl e, IL-10 20, 50 ng/mLe] FXol|A& o}
AE AHelslA 2 2k FEAA ZLFHAL B
IL-10 1 ng/mLe] # FXol 2J3fAE VEGFS &4
AAZF vetgew (sl 1, ol A fFutels
PAE P AEellA] TGF—/J’°ﬂ o3l &4 ¥ VEGF
£ IL-100] 94 3 F J&& HolFE Aol

2. ROIEIAZIEY SHXL &9 MZ0IAM IL-100]]

O[5t VEGF EMY MM £

-

ko] AB}E IL-10 35 EF o Z VEGFY A
< A=l Azl whE S ojw kA =AE
a2 g e, AR gl =AREr ofdw
VEGF Thid ut&ol| = IL-100)] oJ oA =A==
7] sandwich ELISAS o] §slo] zApslich. gat 4
Z 1x10* celymLe 52 wiek®l A Zo| TGF-A8
10 ng/mLe} IL-10 1, 10, 20, 50 ngmL 27+ F%
E @ A=lste] 12, 24, 4817 ik 3wkl
Al VEGF thiid Wiy ofg =Aslgich Az g

: abA|Eol A IL-100]] 28k VEGF A

A FFANAE TGF-Bll 3l F71=E9" VEGFS]
wo] IL-10 §% 9EXoE A4 Hylow, 53
IL-10 50 ng/mLe] FX=ollA= VEGF A o] ul
T FElEA Jetger FAXeR fo3E WE
shgick. AlZE M OIL-109] A FEL 24A17H5H
IL-10 20, 50 ng/mLe] FEAA FAFoz |3}
Al VEGF] wal kS 7h4A 7o, E3] 7247
ujokelol| A= IL-100] 2|3+ VEGF A7} Felo] U
Elor IL-10 10 ng/mLe] FEolARE EAHo
2 S93A Vel o]gldt VEGF 9 Aloll IL-10
of o AZ 4L gleA 2437 Al MITH
S ol gdl AEolA BAEINE BEsP ot IL-10
o] Fxol e FAEI= gl @H 2).

3. ROIE|AZHEQ] &8F MZOIAM 1L-100 &
ERKS} AP-1 QIAt5} N =&

7]Z0l|l TGF-B+ ERKS} AP-19] A% AL& %
A AlE AeE B3 Hdvk (15). wEkA FulE
23049 ek A EA TGF-B7F ERKSF AP-1E
A AA VEGFE F7H7IeA z=Askdct. &
A E 1x10* celymLe] =E2 ulekEl A*Eo| TGF-A8
Aelst7] 2417F A ERK A A PD98059, JNK
AP-1 A A| curcumin, SP600125 *]&]3}3 TGF- 8
10 ng/mL] FEZ AHalste] 48417k ¥ uljokl
oA VEGFE ZA3lict Az TGF-Bol ol &
7F=ld¥ VEGF wH&& ERK A Al PD98059<}
AP-1 A A SP600125¢1 &4 Z+4& = 9ch #at
olyzg} TGF-B A5 6A17F 3ol phospho ERKS}
phospho C-Jun (AP-1)2] Htgo| &7} F9low IL-10
10, 50 ng/mL®] FEZ g7l A 2stlS wll TGF-8
ol 93l Z=7}=9l¥, phospho ERK®} phospho C-Jun
o] W e AgA ¥l 53] IL-100] 2]3l] phospho
ERK W32 et A =Auch2d 3).
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I0{Al ERK, AP-1,
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9 el & W VEGFS} IL-109] mRNAEE <F
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Fig. 2. IL-10 inhibits the TGF- 3 induced VEGF production in synovial fibroblasts. The FLSs were cultured for 24,
48 and 72 h with TGF-£ (10 ng/mL) in the presence of increasing doses of IL-10 (1~50 ng/mL). The level
of VEGEF in the supernatants was measured by enzyme-linked immunosorbent assay (ELISA). Cell viability was
assessed using MTT assay. The data is expressed as the meants.d. of three independent experiments (*p <0.05,
**p<0.01 versus the that were well treated with TGF- 3 alone).
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Fig. 3. IL-10 inhibits the TGF- /3 -induced phospho ERK and phospho C-Jun expressions in synovial fibroblasts. The
FLSs were cultured for 48 h with medium alone or with 10 ng/mL of TGF-£ in the presence of PD98059
(an ERK inhibitor), curcumin and SP600125 (a JNK and Ap-1 inhibitor, respectively). The level of VEGF in
the supernatants was measured by ELISA. The levels of phosphor ERK and phosphor C-Jun in the cell lysates
were measured by western blotting. This data shows the dose-dependent inhibition of the phospho ERK and
phospho C-Jun expressions by IL-10 (10 ng/mL, 50 ng/mL). The data is expressed as the meants.d. of three
independent experiments (**p<0.01 versus the that were well treated with TGF-/ alone).

S vla =4k Fulelsadde] st iz SFMColA VEGFS] 4k w2 oulglAl =585
o Z vellA g AZE Eelste] VEGFSE  eiglow, ofel whel IL-109] A L <
IL-108] A wdE zAsglch. A3 FulEA gz Foll nlste] haslo] & .
=, =T SFMCSF Hlwel frulElagde] dabel whelabdq] #eh 2 oA VEGFS] 1d 4l ERK,
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Fig. 4. VEGF was highly expresses by RA patients, as compared to the OA patients, in the synovial tissue and synovial
fluid mononuclear cells. Immunostaining was performed using the specific antibodies against VEGF, ERK, AP-1
and IL-10 in the synovial tissue samples from the patients with RA and OA. VEGF, ERK, AP-1 and IL-10
stained a brown color. All the tissues were counterstained with hematoxylin (original magnification x400). The
levels of mRNA VEGF and IL-10 in the synovial fluid were measured by RT-PCR. The data is expressed as
the meants.d. of three independent experiments (**p<0.01 versus OA SFMC).

AP-19] whgo] ujzell wlete] Frhso] ge HIAEAH S4 W AF o Fdas B E g
Hozzsd s SelA W sigich ot Ao BA%E Q) AA vt AHH o R veht
AE Fube s> ko] Wl AAlE Al " (16). olHd WA Fete] 4TI TAL

t < TE7E S7kske] (8),

= Qs zHelAY A

lo

AollA VEGF7} IL-103F gibsl Wrdkgds Kol

A& zAsa, olwl VEGF AAubgel Feodk  halofld FaAlAe] Fex]

ERKS} AP-1 A3 A Bap w3k wyolzze] Wl ofokia}t A& Fo] o] FolAA vt
F-91olA VEGFSE 3l om| oAl F7tE e =4S VEGFE A< Z7)d Jehte 34 31
ST 4). A=A WAz F4], G4 o mAEY T
TS S7HAZ]aL (17), ulolatS(embryonic develop-
| & ment), 4 X|f, 2HEF] A4 9 5544 S
24 5 A el Fe3 3% gk (18).
Fobeladded e 27 Wodnkgols T AEe Fubelagbd el o] Wl fuEl Hae whad

o

3 Mol @ BAAolt o WAsiel wele] FubelswAel
Aol GEImA AR oAt ARAEF 4u DA B 2 QAely VEGEH f2lsl F74s)
A o ;o9 BEA FubelawA B B AE
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gl AJA|EellA VEGF w9 Z7lrl Harslo] 9l
t (20). Frubel=REdellAl VEGFS] 7ZE3 24
E22= TGF-87F €814 v} (8,21). TGF-8E Al
AR, AT dbE, ARETE FA4 T ekt 7]
= 7}11% Aol EFIQIe 2, vl 3
= =r g waye gual 4 Eol|A]
VEGFSl 7AEs 2492 itk obdeE 169 B4E&
o7

= °4—TL°ﬂ/Ht ARG ARG Aol 23 fFube| 234
Ao B &t FA 9 dFueE Ayl 9
3lo] 3} Aol EglCle & IL-102

IL-102 oA AR, 4%, A7t =
oo Aol A x| EF0) ] o]
EAS ZE Aog AolEslelez od#A gt
(22). IL-10 7|E9] AFE 53 F
ABERAA Fol FQ (23) HAUo FHAE
frAsHAl st Fulel=ided Rk Al ZoflA
VEGF A7 =9 IL-109] &2 =A=A] bk

2 Ao ZAste] wpEw IL-10 TGE-Boll 2l
Z7t=l = VEGFe] b AAFFoll At ofyz)
il W EF M E AAAZH o o e JAl=
MAPK (ERK)$} AP-19] A3A|A] =4 <]&EF o]
golxlgl}. 71 Aol w2w FulelaAc]o)
guk Y EA EA FES o]&3 VEGF A} =
A HAYE A4S p38MAPKS} AP-1 2| E% o
2 VEGF2] AAto] <jAlgdo] zA =] (24), Fule]
2A ge] gut AETolA AAEH Al
MAPKS} AP-19] ASAA} S35 & 5 vt 24).

22 HaE vbol] ot FulelagAed ek A
EollA AR AT AR 24 2o
Z phosphatidylinositol 3-kinase (PI3-kinase)] 54373
9l =4 #Z4 phosphatase and tensin homolog de-
leted on chromosome ten (PTEN)el] 2]gl PI3-kinase/
Akt A3t xehe Fulel a2k A} F&
zulo] hal X W Akt QASLE A7 3 A4
Ae ZaEe Aol Ry (25).
3 3kzrte] Fut z=Ad|49 IL-109]
UE w2 WAAEY Mgl sl F7) 5
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