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CONNECTIVE TISSUE GROWTH FACTOR INDUCES SYNOVIAL
CELL GROWTH IN RHEUMATOID ARTHRITIS

Yoshitaka IToH
Department of Orthopaedic Surgery, The Jikei University School of Medicine

The purpose of this study was to determine the role of connective tissue growth factor
(CTGF) associated with inflammation and perpetuation of rheumatoid arthritis (RA).
Synovial tissues used in this study were obtained at surgery from the knee joints of 8 patients
with early RA (disease duration, less than 1 year ; Steinbroker class 1) and 10 patients with
advanced RA (disease duration, more than 5 years, Steinbroker class 3). The expression and
localization of CTGF in the synovia of patients with various stages of RA were examined with
immunohistochemical studies, i sifu hybridization, and the real-time polymerase chain reac-
tion. Furthermore, to determine the effects of CTGF on the growth of fibroblast-like
synoviocytes (FLSs), FLSs cultured with recombinant (r) CTGF alone or with both rCTGF
and anti-CTGF monoclonal antibodies were examined with the 3-(4,5-dimethylthiazol-2-yl) -
5-(3-carboxymethoxyphenyl) -2- (4-sulfophenyl) -2H-tetrazolium, inner salt, assay. In early
RA, both CTGF protein and CTGF mRNA were expressed at high levels in FLSs, vascular
endothelial cells, and macrophages. However, in advanced RA, expressions was less promi-
nent. The number of FLSs was significantly increased by rCTGF, and this effect was neutral-
ized by anti-CTGF antibodies. These findings strongly suggest that CTGF promotes neovas-
cularization and synovial-cell proliferation in RA and play an important role in the early stages
of pannus formation.

(Tokyo Jikeikai Medical Journal 2007 ; 122: 305-12)
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1. B&

I RA BEWEIK 8 B (FHE 1 4ELAA, Steinb-
locker class 1), #EfTHI RA BE W 10 1 (F&iE
5 4ELLF, Steinblocker class 3) % FAlfiz TELHEY
L7z, EEa > bo—)L & L THMGEEEE S #
ZHEAL, FRUIEEO—E%Z 4% /X7 RV
AT NVTE RCREELIE, T 74 aiiLE
IO R 2 RS, EEBE A s L Vin situ
hybridization (2 L7z, 725D OEEIZERE
BRTTAPLICHREL, RNA gL, &
BAAB IUOKRBECHL, HE0EWN, HEkz+
SHCEEA LB O RE 2 572,

2. SREHEBSE L RIRNDOFEENRENT

Histofine Kit (Nichirei, Tokyo, Japan) % H
WCEEL L 7- IV A o s d  (SAB 1)
AiTo7. — Rtk & L ¢, CTGF, TGF-3,
VEGF, factor VIII, CD68 @ / 27 1+ — )LHifk
(Nichirei, Tokyo, Japan) =ML, DAB &t
THH U7z, A% 400 5T 10 REFHEHAL T, W
BRE B & OE TOFE 2 LT O b BFEFHEC
THEEREL.0: 2 PFoTnkwdbo,l: b
THIZLEE->TWEHD (1-5%),2: FIX SR
FoTWwbHD (6-20%), 3: PHEHRE > T
2bD (21-50%), 4: MELCHERFEFSTWEHOD
(51-1009)®.

3. In situ hybridization

AVaxrzviF K (CTGF: 5¥-TCT TCA
TGC TGG TGC AGC CAG AAA GCT CAA
ACT TGA TAG GCT TGG-3) o 3 iz digox-
igenin (DIG) % 5~V L1z 7u—7 % {EH L Mi-
croProbe staining system (Fisher Scientific,
Pittsburgh, PA) % F\ T In situ hybridization

#1T-7z. Ff0I21k mixed chromogen system
(Stable Fast Red TR/Stable Naphtol Phos-
phate, Research Genetics) Z{#H L 72919,

4. Real-time quantitative PCR

B L 7o W B 2 & RNA % ISOGEN
(Nippon Gene, Tokyo, Japan) %MWL
72. 5 5 L 72 RNA 12 ThermoScript RT
(Invitrogen) & random hexamer %[z ¢z
B K& %17 v, cDNA % 8L L /2. Primer
Express software (ABI/Perkin Elmer Biosys-
tems) % A\ T real-time quantitative PCR FJ
D7I74~—7u—7 %t L7 (forward
primer 5-CCT GTC CCT GCC ATT ACA
ACT-3" ; reverse primer 5-TCT CTC ACT
CTC TGG CTT CAT GC-3"; TagMan Probe 5
FAM-CGG AGA CAA TGA CAT CTT TGA
ATC GCT G-TAMURA-3"). ABI Prism 7700
detection system (ABI/Perkin Elmer Biosys-
tems, Foster City, CA) % F\> T real-time quan-
titative PCR 217V, & 51172 cycle threshold
value (Cy) X Y CTGF mRNA & % Rk ©,
GAPDH mRNA & TH > 7 VDO IEZ1To
7z.

5. BIEHEBO—RIEE

FMNIC & o THEINCERI L 72 REIE R % 2
A CHEWT L, 10% fetal bovine serum (FBS),
antibiotics-antimycotic reagent, 1 mg/ml clos-
tridial collagenase (Sigma, St. Louis, MO) A
D @ Dulbecco’s modified Eagle medium
(DMEM ; IWAKI, Funabashi, JAPAN) T—X
¥BELL 2HRCHBZEOSBL, BEk
DMEM THiJER#E L, WMokl (Fibrob-
last like synoviocytes, FLS) % % 7.

6. FHBAIBIERAER S & UPHERAER

FLS % ¢3.5 cm ¥EEMLIZ 5X 10 fEfKE L, £
1M O DMEM T 24 RFERF 1, BRA2RRE D
rCTGF Z&#ucyiimL, rCTGF OE Mg (30
ng/ml) ZHWRE L7z, KWW T FLS % 3X10% {3
2 96-well plates 12 ¥ & L 10% FBS % & ¢
DMEM T 24 K i B e #%, ®ii 2z 2L (O
0.5% FBS & 30ng/ml rCTGF %% DMEM,
®@ 0.5% FBS & 30ng/ml rCTGF B X 0}25
ng/ml anti-CTGF antibody % &% DMEM, &
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Fig. 1. Histological features and immunohistochemical analysis of growth factors in synovial
tissues from normal control (A, D, G and J) and patients with RA in early stage (B, E, H and
K) and those in advance stage (C,F,I and L). Hematoxylin-eosin (HE) stain (A through
C). Immunolocalization of CTGF (D, E, F), VEGF (G, H,I) and TGF-g (J,K,L). CTGF
was detected in FLS, macrophages and vascular endothelial cells in early stage (E), but not
detected in normal control (D) and advanced stage of RA (F). VEGF was expressed on FLS
and vascular endothelial cells more strongly in advanced stage (H) than in early stage (I).
TGF- was detected in FLS and macrophages in early stage (K) but not detected in normal
control (J) and advanced stage (L). (Original magnification, X100 in A through C and H
through L; X400 in D through G).

0.5% FBS & PBS &t DMEM), &5I123H 7. WHEtHT

5227 CellTiter 96 Aqueous One Solution 2 OEEEMEIX, Mann Whitney’s U-
Cell Proliferation assay (promega) ZFH\WT  test %, 3 HMOEEZEMKEIZIE Student’s #-test
MTS assay %217\, rCTGF 1z X 2 {lfasasiEs & 2RV p<0.05 2EEZDD L LT,

Ot CTGF fiifiz & % #85EHE 2 a7z,



308 (AN

CTGF in lining cell
[\®]
VEGEF in interstitial-stromal cell
[\

1] 17
0° 0"
early advanced early advanced
A D
I *% 1 | = l
4
2 ¥
= £
g =
&
3)
carly advanced early advanced
B E
4 _ 4
5 3] £ 3
. :
g E
<2 72
& =
g1y £
_ g
0 0
early advanced early advanced
C F

Fig. 2. Semiquantitative immunohistochemical analysis of CTGF (A and B) and VEGF (C and
D) and TGF-g (E and F) in the lining cells (A, C and E) and interstitial-stromal cells (B,
D and F) of RA synovial specimens. The expression levels were quantified using a 0-4 scale ;
0, no staining ; 1, 1-25 (%) ; 2, 26-50(%) ; 3,51-75(%) ; 4,76-(%), as described in Patients
and Methods. Values are the mean and SD. (**p<0.01, *»<0.05)
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CTGF 7358 FHL T/ (Fig. 1E, H, K), —
#, ETH RAWETIX, CTGF OFEHZIT LA
CRDT, —HMOWERBMIEICD T eHEE
HOLEETHY (Fig 1F), CTGF OFHRILH
HOMTE DI LT, Fhoarbu—
MWz 9MEEIR T 1%, CTGF, VEGF, TGF-p
WITNDORERFEDBED 5z noie (Fig. 1D, G,
D). RA OZIEREIAD & & 72 N I & AR HEZE
Mo # AT o CTGF, VEGF, TGF-8 B
fan¥x 72 72 LizD» Fig.2 Th %, RAT
IR, SREEERRLThICB W T PO
15 BEITHIIC I~ T CTGF Bl s E &
1%\ (Fig. 2A, 2B). 2L T VEGF T
W HETHADIZ 5 DSFIEAIC LE R TR MRS %
{2 ->Twiz (Fig. 2C, 2D). %7z TGF-8 &4l
faid, WEEREMEC B TERCOIHDIE S 28
%L ko Tz,
2. In situ hybridization 12X % RA jBiE®D
CTGF mRNA f#h
BB L OETHRABEC B % CTGF
mRNA OFBL % in situ hybridization 12 TH

A. control
B. early
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Fig.3. In situ hybridization for CTGF in synovial
section from normal control (A), patients with
RA in early stage (B and C) and those in
advance stage (D). Red staining indicates
CTGF positive cells. Methyl green was used
as counterstain. CTGF mRNA was expressed
in FLS (C), vascular endothelial cells (C)
and macrophage (B) in early stage of RA.
No CTGF mRNA expression was detected in
advance stage of RA as well as in normal
control (A and D). (Original magnifica-
tion X400 in A, B, C, D).

BT U7z, g te L [Ffkie, FHi RAWBET
&, ARHEEEHERG, IMENEHNE, v a7y —v
12 CTGF mRNA 2358 < FEELL Tw/z 23, H#ITHA
RA W E X O9MEWEIE T, 132 A Y CTGF ©
FWERO o7 (Fig. 3)
3. Real-time quantitative PCR%ZIZCL S
CTGF mRNA mEIE
in situ hybridization %2 THEE] RA WE IS
B2 CTGF mRNA BFIH L T3 Z & HHEH
L7zD T, real-time quantitative PCR &% H\»
THIE R ERINCTRNT U7z, B L 7o BASHEAR
5 U7z RNA 225 ¢cDNA Z2/EHL L, cycle
threshold value (Cy) 12 CHME L 72, kT O
CTGF mRNA #=iX GAPDH mRNA &= THilEL
7z, ZOFER, B RA \EH O CTGF mRNA
EITHETHRABE L HERL TR TEoEWH
HERDTz (Fig. 4).
4. CTGF & & U1 CTGF i ia Dz E B R A
FanIETEIc 5 Z B R
Recombinant (r) CTGF AN B % W EE:
FM DG 2 MTS assay 2 AW TEHEIL 72,
FEEIE I 2 Rk 2 ¥R O rCTGF UNindg I
TSR L7z & 25, WBEMEIZRERTRNI
AL 7z, 50 ng/ml @ rCTGF ¥R THRADR)
BB\ o ns (Fig.bh), BWERZEME 2 ©
rCTGF (50 ng/ml) # il #, @ rCTGF (50
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Fig. 4. Quantification of CTGF mRNA expression
in early (2=38) and advanced (»=10) stages of
synovial tissues. The mRNA level of CTGF
was measured by real-time PCR and was
normalized to those of GAPDH. Relative
mRNA expression of CTGF was about 7 times
higher in early stage than advanced stage. (*
$<0.05)
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Fig.5. Effect of rCTGF on the proliferation of
FLS in vitro. FLS were cultured in serum-
free DMEM for 24 hours. Cells were then
stimulated with different concentrations of
rCTGF (10 to 50 ng/ml) for 72 hours before
cell numbers were counted. Stimulation of
CTGF caused a dose-dependent proliferation
of FLS. Mean=SD of 10 experiments.
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Fig. 6. Neutralization of CTGF effect on FLS

proliferation by anti-CTGF antibody. FLS
were cultured with rCTGF (50 ng/ml) and/or
anti-CTGF antibodies (IgG, 25 ug/ml) for 5
days. The proliferation of FLS was measured
by MTS assay. Anti-CTGF antibody neutral-
ized the effect of CTGF on FLS proliferation.
Bars represent the mean+SD of 25 experi-
ments. (*»<0.001)

ng/ml) ¥ & U'H1 CTGF ik (IgG, 25 ug/ml)
winEE, @ PBS (2> bu—v) oAGML
BEO 3BT T TEEEE L MTS assay & CH L
72 &£ 2% rCTGF (50 ng/ml) ¥IIEECHEICH
fasEhE R o 7z Diext L, rCTGF (50 ng/ml) B
£ Ui CTGF #ifk (G, 25 ug/ml) WIIEIEHE
EICHIEsEs H S, Mgz a > ro—v
FrRE%Th-o7 (Fig.6).
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2 E VI MEIXSE L WY, SEOFE T, B
RA O A O EMIME AN M & FLS «@
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MR 2 BEE X 8 5 2 & R, 20-50 ng/ml ®
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