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IL-15 Induced an Increased SDF-1 Expression
in the Synovial Fibroblasts of Patients with Rheumatoid Arthritis

Young-Eun Park’, Sung-I1 Kim', Seong-Hu Park’, Seung-Hoon Baek',
Hye-Jwa on’, Yang-Mi Heo’, Mi-La Cho®

Department of Internal Medicine, School of Medicine, Pusan National University,
Busanl, The Rheumatism Resarch Center, Catholic Research Institute of Medical Science,
The Catholic University of Korea, Seoulz, Korea

Objective: Interleukin-15 (IL-15) recruits and activates synovial T cells, and IL-15 plays an
important role in amplifying and perpetuating inflammation in the pathogenesis of rheumatoid
arthritis (RA). Stromal cell-derived factor-1 (SDF-1) is a potent chemoattractant for memory T
cells in the inflamed RA synovium. This study investigated the effect of IL-15 on SDF-1 pro-
duction in RA fibroblast-like synoviocytes (FLS).

Methods: The expressions of IL-15 and SDF-1 were determined from the synovium of patients
with RA and osteoarthritis (OA) by performing immunohistochemistry. The expressions of SDF-1
was measured from the RA FLS that were cultured with IL-15 and IL-17 by real-time RT-PCR
and ELISA. The SDF-1 expression was also measured, via ELISA, from the RA FLS stimulated
by IL-15 together with the inhibitors of such intracellular signal molecules as phosphatidylinositol
3-kinase (Pl 3-kinase, LY294002), STAT3 (AG490), MAP Kinase (PD98059), NF-«B
(parthenolide) and activator protein 1 (AP-1, curcumin).

Results: IL-15 and SDF-1 were mainly expressed in the RA synovium compared to that of
the OA synovium. IL-15 increased the SDF-1 expressions and it, and had an additive effect with

<Hael 20108 5¥ 72, £mel 120104 58 312, AAEDIY : 2010 6% 22>
HEMXA:Z A

SAA MT ofo| 17}

SAEtm o stM er) sty i ntetmAl

t
Tel : 051) 240-7580, Fax : 051) 241-7580, E-mail : ksimd@pusan.ac.kr

— 238 —

X O



: IL-15 Induced SDF-1 in RA FLS —

IL-17 on the SDF-1 expressions in the cultured RA FLS. The IL-15 induced increase of the SDF-1
expression in the cultured RA FLS was blocked by the inhibitors of Pl 3-kinase, NF-« B and

AP-1.

Conclusion: The SDF-1 expression was increased in the RA synovium and it was up-regulated
by IL-15 in the RA FLS through the PI 3-kinase, NF-« B, and AP-1 pathways. These results
imply that the IL-15 induced increase of the SDF-1 expressions may be involved in the

immunopathogenesis of RA.
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Frute]l 234 od (theumatoid arthritis, RA)< &4 &
The] A ARl dFer dF W TS I A
zZ 9] |7t wAstE AAA A A5A A

19 =T 9 B
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gz g8l ek §- 2 A E (fibroblast-like synoviocyte,

FLS) 52 &4 o5 AZlA frels+ Aol &7t
Q9 ARINIES EFE AF wHEE Sl Wl
oﬂ Z 931 o:ltl—& 3k 1:]. D).

Stromal cell-derived factor 1 (SDF-1; CXCL12)2 T
9 B YT, SMAEUAAESS 424 9o
HE o]g3les HAste AEFIelrt. SDF-12
RA #A}e] & 71AAE, FLS, UAAE 2 93
WepAlEl A AAEE, RA BAbe] W, o) 1
atol|l A wtdo] Z7lEIYt (2-5). SDF-12 CD4*™ T
AES olg ¥ HH7 chAAE] et ) o]l5&
278k3, GRA4 SE 9 ABALI) ABALE
A A A E A7t (2,6). SDE-1 9
SDF-1 842l CXCR42] HAAEL collagen-induced
arthritis (CIA)ollA] 3] WA W% g FF=E 3
A7 (7.8).

IL-15% RA9] W4l Fa3t 454 AolE7td
o, RA BAS o) 9 eela o] Zhu
3, F2 WAAE, FLS 9 3 A ZollA wd
Heb (9-11). IL-155 HAAIZESE memory T A|E2
Zofl o T HEFE AFS FAE o]
FAZI FAAZ 9). IL-159] &Jste] T =
o] AAo] Z7}= tumor necrosis factor (TNF), in-
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terferon (INF)-7 B! interleukin (IL)-17-> FLSol|4] IL-
15, IL-8 ¥ IL-62] S AFsle] AFE A3HA
71tk (12,13). CIASNA] IL-159] 715 A5k A] #A<]
Wbl =l TNF, IL-18, IL-6 B IL-17 AAlo] 743
31, RA AbellA] IL-1501 tist A Foi= AW &
AL A7 (14-16). olEd AI}EL IL-157}
RACIA AFube& AKA7 A7 edl T2
3 A e dAlE, X8 A2k 54 AolE
71248 7VsA & AR

A A5 RA 3hAbe] #bellA] IL-157F SDF-19]
ol ulX= gl thste] ZAs A 39t

Thet 2 e

1. CHAF

v] = Fule] 238k3] (American College of Rheumatol-
ogy)®l RAS| AIxt 7]l R E A T FEI
A #% ’“% e 4@ T A” - 51:11ADellA] &
H_,,]Jg].gi_,_ 2T AW, odgo] Ux
1 (osteoarthritis, OA) ZHA} 47gof| 4] Zat

4 Slef. B AT QAT S99
2R 5o Wgtow], RE RAZVE FoINE

Recombinant human IL-15, IL-17, IL-1/, anti-IL-15
antibody (Ab) 3! anti-SDF-1 Ab= R&D System (Minnea-
polis, MN) 2. 2 2] 7S]t
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shebglel Eold ¥ AAE olEsto] 7um
Zefol=ol] Ratejslr. WelzA3)
2 ABC (Vector laborites, Burlingame, CA, USA)
ks A8l edaelglow, Lol sel $4e A
A A} ez dotebdt dEE A7 &
3% H0,2 WA IS ELES (A7) 5, Q143
2F22 ol (phosphate buffered saline, PBS)2. 2 IAlghc}.
H] Eo|A ol vHl2S Xkt EAH O F anti-mouse se-
rume 302 WF2A]71 & A gA|Q]l  recombinant
human anti-IL-15 Ab2} anti-SDF-1 Ab (R&D systems,
121002 #colA He6A7hA Az
U} @Al e % Aol ¢k ¥ YAS PBSE 4
Astx vholeElo] AR ol% Pxlgt A ELE
7} ZA3%ts streptavidinit-2-5 A]7] ¥ DABS & HHA
AZAT Mayer's Sl 542 tlzd A @ F Al
3 uqlelel Hetan|Few Bl oo Uz
Z 7] 2(negative control tissue)+<> isotype control anti-
body (Mouse IgGl : R&D Systems, Minneapolis, MN)
2 Age.
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4. T2 M| Z (fibroblast-like synoviocyte, FLS)2)|
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FLS RA 4l OA 3kzte] #utellA] Hag o] &3t
o] Relslglen, 24L 2~3 mm zZo g AA
£ ¥ Dulbecco’s modified Eagle’s medium (DMEM)
type 1 collagenase (Worthington, Freehold, NI)$}
@A 37°C, 5% COolA 4A17F E<t WhgAZ ) &
2lg AZS 500 gollAl WAL= sHo] 10%  fetal
calf serum (FCS), 2 mM L-glutamine, penicillin (100
units/mL), streptomycin (100 xg/mL)E 7} DMEM
ol AMFFAIA 75 em® A L0l EF3AT). o7
7b A $ owiekrlol BEEe]l de AETE 10%
FBSE 7}k DMEMell Yol 5% CO% 37°Ce] =4
ol A wHekslar wiok: i 3hwic} mgelich &
gk vbeke] 90~95%7F FLSE FwhEw AlA%h
weFlo g 1:3 3 Aste] Al miFstgict. Al
© 4~8 A9 FLSE A-&3-qich wigkd A=ot
FLSSI-& #9lstr] 93 & CD14 PE &HA|(PharMingen,
SanDiego, CA), & CD3 FITC & = & Thy-1
(CD90) ¥ (PharMingen)E o] -&3}o] FAE E4&

1

Atk AEE FEEBI] 5%10° cells/well S

1—‘&

Al33% 2010 —

mL2] serum free DMEM/insulin-transferrin-selenium A
(Life Technologies, Gaithersburg, MD) Hlj%koHol] 43
24-well plateol] B 3lo] Fr}. vhokst 5%9] IL-15
g IL-17E A7 F2 A A, AE A
A4 EAE(LY294002, AG490, PD98059, partheno-
lide, L28]3L curcumin) 2| ¥ IL-15 (10 ng/mL)&
A=ekgieh,

5. SDF-19| CHHZE HiS] =F(ELISA)

FLS ZF= 3 48A1 Aol Al wieF A5ds Rof
SDF-1 A#& 918 ELISAS Al3s}3lr}h. Sandwich
ELISAE€ 96 well plate (Nunc, Roskilde, Denmark)ol]
human anti-SDF-1 Ab (4 ug/mL; R&D Systems)ol] %
I 4°C, A B3AIZ F, xgk §H(1% bovine se-
rum albumin (BSA)/0.05% Tween200)0] 5% pho-
sphate buffered saline (PBS)E d7}slo] A-2ollA 2
A|7F WHS-A]1Z el Biotinylated SDF-1 polyclonal anti-
body (400 ng/mL; R&D Systems), streptavidin-alkaline
phosphate (1 : 2,000, Sigma)$} avidin-peroxidase (50 «L,
1 :2,000), 501 tetramethylbenzidine substrate solution
(Kirkegaard & Perry, Guildford, UK)S X2 2+
wellell Zd7}sto] RE-3-A|H

6. SDF-1 mRNA =& (real-time RT-PCR)

FLSE thokgt 59| IL-158 A= 3 1647l
AlZE2] mRNAE RNAzol B (Biotecx, Houston, TX)S-
ol g3t FEel9rh % 2 e FEU mRNAZ
Superscript reverse transcription system (Takara, Shiga,
Japan), 42°CollA]l &} AA} AJZrk SYBR Green 1 (Roche
Diagnostic, Mannheim, Germany)E ©]-83}o] real-time
PCRE A|#¥3}) ). Real-time PCR A& capillary tube
Z A8l LightCycler FastStart DNA mastermix (SYBR
Green I) 2 nL, Z+7Z9] primer 0.5 «M, MgCl, 4
mM, 2|3 template DNA 2 x1& E3kslo] F 20
#L7} 5|25 3l9icl. SDF-137 GAPDH Al%A]9]
7] AL g3 729l SDF-1 (5’-ATG-AAC-GCC-
AAG-GTC-GTG-GTC-3’ (sense), 5°-TGG-CTG-TTG-TGC-
TTA-CTT-GTT-T-3" (antisenss)), GAPDH (5’-CGA-TGC-
TGG-GCG-TGAGTA-C-3’ (sense), 5’-CGT-TCA-GCT-CAG-
GGA-TGACC-3’ (antisense)). SDF-1¥} GAPDHol| 4], ¥
AL 9l 94°Cell A 302, annealing 56°CollA] 15,
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72°Coll A 159] B = 308] kel
= LightCycler software v. 3.00ll4 ¥4
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7. MTT assay

96 well plateol] 1x10°mLe] EEZ AEE wfoks}
o], ITSA7} E38+E serum free DMEM Hjokol o 2 star-
vationgrt}l. LY294002, AG490, PD98059, parthenolide
22 curcuming A2 ¥ IL-15% 10 ngmlLe] F%
2 Ao, 4817 E<t 37°C, 5% w7 NA
ok skt ol7]ol MTT £ (Thiazolyl blue, 2.5
mg/mL, indeiodinized H20) 10 L& Esto] 447+
ERF RESAIZL F 537 1A Zelstkal, 0.04 M HCI
100 #LE H7hste] 53 &3k Aol WAsiichst
ELISA #=7]2 595 nmE ZA3}3 )

2 ¢

8. SAH woldol A4S

Ade B ZEedE xR FAH
o]A1L SPSS EA] & (version 10.0)S A&}
Mann-Whitney U testt} Wilcoxon’s signed rank test&
AABGI pzkel 005 o5t W EAHow fel

shoba Rasielct.

SDF-1

2 _TI_I.
1. RA &9 =ZX0IM IL-15 ¥ SDF-19| W& E7}

RA 3R1e] #al z=AollA IL-153 SDF- 19] w4y
Nzt (EFRAE A &uh =23l vzt F
ol dog WAdzAs Y S FallA] WA

IL-15¢ 25 Fulegladds] a2

N
—_

2. RA (FLS)O|A IL-150i| 2|8t SDF-1 &8 =7}

RA 32} FLSollA] IL-150] |8t SDF-1 wdo] =
As|eA golR A}, FLS 1x10° celymL 2wk
AlZell IL-15% 0.1, 1, 10, 50 ngmLe] HE& A&
sto] 122417F0] AE9} 48417 AlEufoFHoll A ZHzk
SDF-1°] mRNAS} whil A W¥9kS real- time PCR¥}
ELISA W o 2 H7lslgiet. 1 As} IL-15 5% 9
#4902 SDF-1°] mRNA (8 24)9} g uha
k(¥ 2B)°] FLSoA F7lsle RS s
(*p<0.05 compared to nil, Tp< 0.01 compared to nil).

IL-153 IL-17% @7 AF893& wl SDF-19] w*
W Wb ol| KrpH el F I(additive effect)’} THEE]

A ch(*p<0.01 compared to nil, Tp<0.05 compared to

Isotype

RN } el i >
R b - M e
%;.}:: ‘\“ :‘1 X 5 x400 Y 5 .. i---- @J. o o™

Fig. 1. Immunohistochemical staining for stromal-cell derived factor-1 (SDF-1) and interleukin-15 (IL-15) on the
synovium of patients with rheumatoid arthritis (RA) and osteoarthritis (OA). IL-15 and SDF-1 were significantly
more expressed in the RA synovium compared to that of the OA synovium (original magnification, %400).

— 241 —



— gEnle] 282 A 178

Relative mRNA expression of 1>
SDF-1/B-actin
w

2_
L i
O_

Nil IL-15 IL-15 IL-15 IL-15
0.1ng/mL 1ng/mL 10ng/mL 50 ng/mL

A 3% 2010 —
B
800
. 600 -
-
£
g
= 400
L
?
N -J I I
0 -
Nil IL-15 IL-15 IL-15 IL-15
0.1ng/mL 1ng/mL 10ng/mL 50 ng/mL

Fig. 2. The expressions of SDF-1 from the RA synovial fibroblasts stimulated with various concentrations of IL-15 (O,
0.1, 1, 10 and 50 ng/mL) were determined by real-time RT-PCR (A) and ELISA (B). IL-15 increased the SDF-1
expression in a dose-dependent manner. *p<0.05 compared to nil, Tp<0.01 compared to nil.

800
700
600
500
400 1
300
200
100

0-

SDF-1 (pg/mL)

Nil  IL-15 IL-15 IL-17 IL-17 IL-15 IL-15
1 ng/mL10 ng/mL1 ng/mL10 ng/mL1 ng/mL10 ng/mL

IL-17 IL-17
1 ng/mL 1 ng/mL

Fig. 3. The productions of SDF-1 from the RA FLS
stimulated with IL-15 and IL-17 were determined
by ELISA. IL-15 and IL-17 up-regulated SDF-1
production. IL-17 had an additive effect with
IL-15 on the SDF-1 production. *p<0.01 com-
pared to nil, Tp<0.05 compared to IL-15 1 ng/
mL, "p<0.01 compared to IL-15 10 ng/mL.

IL-15 1 ng/mL, Tp<0.01 compared to IL-15 10 ng/

mL) (ZF 3).

3. RA FLSOI|A IL-150f 2|5t SDF-1 & =7} &
B OME L MSHE

RA 37 FLSOllA] IL-15¢] 2% SDF-1 wréel] 3
olse A3AT A= 2A] el AL
IL-159} AZ A= 20 oA A|(LY294002; PI3Kinase

inhibitor, AG490; JAK2-STAT3 inhibitor, PD98059;
MAPK inhibitor, parthenolide; NF- «# B inhibitor, curcu-
min; AP-1 inhibitor)& X123}l tl. o] wl] PI3-kinase
A A AI(LY294002), NE-«B <} A A (parthenolide) 2!
AP-1 A Al(curcumin)+= IL-150 2|3k #ebAd-G-2A)
*9] SDF-1 vz wras {oslA oAlslel ot
STAT3 A A|(AG490) = MAPK <} A]A|(PD98059)=
SDF-1 =k wWhglell of3dfo] §ldvh(*p<0.05 com-
pared to IL-15 10 ng/mL, Tp<0.01 compared to IL-15
10 ng/mL) (¥ 4A). HAAl o3k Az5A A7
7} 852 MTT assayZ 2Hols}ivh(d 4B).

]

I

| OAc°l| Hlsle] RA
53, IL-15 RA
1]

sEoE

A AES IL-159 SDE-1 Walo
2t hnmg layerol| 4] F2 4t
FLSollA] SDF-19] mRNA % zha Hbe-S
Hog Z7A7]w, IL-159F IL-172 SDF-1 o
F7HEQ wh g Foledch w3, IL-1500
o)t FLSC] SDF-1 W8 7l PI3-kinase, NF-« B
gl AP-1 7 &l o3& et

SDF-1& CXC AE7IQ o2 ghE =8¢ CXCR4
o Ajstel AZEE olF Y AAdl Fadk AY%S
g}l (17). SDF- 1JJr CXCR49| ZA3jhe A7tH A4
ulolZ ~HIV), <, A1d Zx¥ 3 RA 59 ¢
3 AW Wl aJro:]*h:} (18-20). RA°l|A] SDF-1
T "HZF] &ut ] o]F g 3} F99 A&

D

i
i}

O
o rlo o2
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Fig. 4. (A) The IL-15 induced increase of SDF-1 was blocked by the inhibitors of PI3-kinase, NF- £ B and AP-1. RA
FLS that were, pre-treated with the inhibitors of PI3-kinase (LY294002), STAT3 (AG490), MAPK (PD98059),
NF- £ B (parthenolide) and AP-1 (curcumin), were cultured with IL-15; the production of SDF-1 was determined
by ELISA. Up-regulation of SDF-1 by IL-15 was blocked by the inhibitors of PI3-kinase, NF- # B and AP-1.
(B) MTT assay was done to confirm that the inhibitors did not have cell toxicity. This assay showed that there
was no difference in cell viability after all the stimulations and/or inhibitions. *p <0.05 compared to IL-15 10

ng/mL, Tp<0.01 compared to IL-15 10 ng/mL.

ofl &J&t 2}7}AHE (apoptosis)

T AZ7E A7 6. =
YZFE ZFslo] ectopic germinal
center JAS HAsla FLS T4, AAIRAA A
=, AZAEe} FFAES] matrix metalloprotease-3
(MMP-3)¢} MMP-99] ZH] & #A=ste] AF 7|4
3 9 F 4 2742 oplelo] RAY WAelA F
23 282 3} (2). RANA SDF-19] g =4
st Z1A- el i3t AT A2, & CD40 FA|, A
AF%Z(hypoxia), TGF-13 % IL-17 RA FLSoIA
SDF-1 W8S Z71A7]3, TIL-189 TNF-¢= RA
FLSOIA18] SDF-1 2ol olafol glAT =3} 77}
W AfRAES] SDF-1 W8S A7 (6,21,22).
IL-15% RACA 45 Aol T o3 AT 3}
IL-15% &9 |2 T JZF o]F 1l &4E H34
Zlx, #A43tE T JxZFE uAIEe FH
TNF-¢ o] EH|EZ fEdozsy oz wes
A&AZIE (9). B3 IL-15% TNESH:E 5830
auto-reactive CD4TCD28T cellollA] #}ed  ARAFA)S
(natural killer cell, NK cell) &4]21 NKG2Ddml %
A8 FX38lo] RAQ self-perpetuating inflammationol]
Fodslm g, IL-157} & TNF AAetes F3siA
memory T A|ES] A} {FAE AFAZI (23).

ﬂi
2

=
°©

=l

el HU

RA #atollA] IL-15 W&e] & TNF AlAlel 23l
ZastA ¢kom @ g TNFAA) HE-go] B-xH3)
shatoll 4] IL-159] 7% Aehe RAS] Al2g X2
o] & F AUeS AAETE (24).

A4 #oh Uio] CDATT AIE M2 RAY FL
g wlol & sli}olrt. Toshihiro 58 2wt CD4*
memory T A|ZollA W3 =l CXCR49} &1t AlZoll
A wrelxl SDF-19] 43 2-go| CD4'T A|E2| o|F
ol T4 A 3, IL-157F T JZF] CXCR4
9] WS Z/A7S Baslgtt (6). ARAEL IL-
A FLSollA SDF-19] mRNA % xh uLo4°
T EH R ZIUHAYIH, IL-159) IL-17< SDF-1
urol] Brlzol gyl 9SS golsln) olEet

A}EL IL-157F T FZFe CXCR4 3 FLSE
SDF-15 Z7HIA &9 Ul T FZF9 ZHZ o o]
e GAIg Eebel #2435 5 T HEZ e g4
AE g delAEete] 43 X‘J‘loﬂ osle] ZFrhEl

TNF, IFN-7 g IL-172 FLSE #A33slo] IL- 155
_:;Z_-slg]_,‘: o‘gz_/u A}O]Eﬂ,o] nl “H7H %;‘%g] xﬂx%g
Z71A71ek, getoll A =718 IL-173 IL-15% FLSol|
Al SDF-19] A4S F7MAA T JZ 9 2at o
ol 3 4 2}% HE Fxsla, AR, dF v

3 W F EFE oblsl] B4 S} AsHow

NH
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Ay & Azt
5 RA FLSOlA IL-17¢] SDF-19] %
S7HAFIL, ol & milEtE AlE W As A
©F NF-«B, PI 3-kinase L2]3 AP-13}
a8 el (22). IL-15 receptors 538k IL-159] A3
W A% ALy o 2= NF-kB, JAKIL, JAK3, STAT3,

STAT5 Z12]3 MAPK 5 oJ8] A% Ad EAE )
Mele Aoz gz 9, B odFo = RA FLS

ol|4 IL-157} NF-« B, PI 3-kinase 3 AP-1¥} <dats}
o] SDF-19] W&& F7HAE st (25,26).

2 =

2 o7& SDF-13} IL-157} RA EahollA] wbdo
Z7)s}a, IL-157} RA FLSo|4] SDE-19] w&g =
7}A) 719, IL-159 2]3F SDF-19] Z7}+= PI-3 kinase,
NF-«B ¥ AP-19] A% A" A4S 535 el
Pt ol#Eg AFNEL IL-150] 2|3 FLS2| SDF-1
g s

27171 RAS 1% A&7 B2 Falel Fed

< 3, IL-15 7l e o83t X E W sl
NEE 277F 2 Aoz A7dd.
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