27

29

30

31

32

33

34

35

36

37

38

paticnts with hypertrophic cardiomyopathy. Jpn Circ J 1998; 62:
499-504.

Pravencc M, Churchill PC, Churchill MC, er a/. Identification of
renal Cd36 as a determinant of blood pressure and risk for hyper-
tension. Nat Genet 2008; 40: 952--954.

Masuda D, Hirano K, Oku H, er a/. Chylomicron remnants are
increased in the postprandial statc in CD36 deficiency. J Lipid Res
2009; 50: 999-1011.

Ghosh A, Li W, Febbraio M, et al. Platelet CD36 mediates inter-
actions with endothelial cell-derived microparticles and contributes
to thrombosis in mice. .J Clin Invest 2008; 118: 1934--1943.

Cho S, Park EM, Febbraio M, et al. The class B scavenger receptor
CD36 mediates free radical production and tissuc injury in cerebral
ischemia. J Neurosci 2005; 25: 2504-2512.

Hoebe K, Georgel P, Rutschmann S, er a/. CD36 is a sensor of
diacylglycerides. Narure 2005; 433: 523-527.

Miyakis S, Lockshin MD, Atsumi T, et a/. International consensus
statement on an update of the classification criteria for definite
antiphospholipid syndrome (APS). J Thromb Haemost 2006; 4:
295-306.

Hochberg MC. Updating the American Coliege of Rheumatology
revised criteria for the classification of systemic lupus erythemato-
sus. Arthritis Rheum 1997; 40: 1725,

Brandt JT, Triplett DA, Alving B, Scharrer 1. Criteria for the diag-
nosis of lupus anticoagulants: An update. On behalf of the
Subcommittee on  Lupus  Anticoagulant/Antiphospholipid
Antibody of the Scientific and Standardisation Committee of the
ISTH. Thromb Haemost 1995; 74: 1185~1190.

Harris EN, Gharavi AE, Patel SP, Hughes GR. Evaluation of the
anti-cardiolipin antibody tcst: Report of an international work-
shop held 4 April 1986. Clin Exp Immunol 1987; 68: 215-222.
Amengual O, Atsumi T, Khamashta MA, Koike T, Hughes GR.
Specificity of ELISA for antibody to beta 2-glycoprotein I in
patients with antiphospholipid syndrome. Br J Rheumatol 1996;
35: 1239-1243.

Atsumi T, Ieko M, Bertolaccini ML, et al. Association of autoan-
tibodies against the phosphatidylserine-prothrombin complex with
manifestations of the antiphospholipid syndrome and with the
presence of lupus anticoagulant. Arthritis Rheum 2000; 43:
1982-1993.

Moore KJ, El Khoury J, Medeiros LA, et /. A CD36-initiated
signaling cascade mediates inflammatory effects of beta-amyloid.
J Biol Chem 2002; 277: 47373-47379.

Antiphospholipid syndrome and CD36
M Kato ef al.

39

40

41

42

43

45

46

47

48

49

Kopprasch S, Pietzsch J, Westendorf T, Kruse HJ, Grassler J.
The pivotal role of scavenger receptor CD36 and phagocyte-
derived oxidants in oxidized low density lipoprotein-induced
adhesion to endothelial cells. Int J Biochem Cell Biol 2004; 36:
460-471.

Triantafilou M, Gamper FG, Haston RM, et al. Membrane sorting
of toll-like receptor (TLR)-2/6 and TLR2/1 heterodimers at the cell
surface determines heterotypic associations with CD36 and intra-
cellular targeting. J Biol Chem 2006; 281: 31002-31011.
Bamberger ME, Harris ME, McDonald DR, Husemann J,
Landreth GE. A cell surface receptor complex for fibrillar beta-
amyloid mediates microglial activation. J Neurosci 2003; 23:
2665-2674.

Miao WM, Vasile E, Lane WS, Lawler J. CD36 associates with
CD9 and integrins on human blood platelets. Blood 2001; 97:
1689-1696.

Atsumi T, Khamashta MA, Amengual O, Hughes GR. Up-regu-
lated tissue factor expression in antiphospholipid syndrome.
Thromb Haemost 1997; 77. 222-223.

Sorice M, Longo A, Capozzi A, et al. Anti-beta2-glycoprotein I
antibodies induce monocyte release of tumor necrosis factor alpha
and tissue factor by signal transduction pathways involving lipid
rafts. Arthritis Rheum 2007; 56: 2687-2697.

Cervera R, Khamashta MA, Shoenfeld Y, er a/. Morbidity and
mortality in the antiphospholipid syndrome during a 5-year
period: A multicentre prospective study of 1000 patients. Ann
Rheum Dis 2009; 68: 1428-1432.

Fischetti F, Durigutto P, Pellis V, et a/. Thrombus formation
induced by antibodies to beta2-glycoprotein I is complement
dependent and requires a priming factor. Blood 200S; 106:
2340-2346.

Silverstein RL, Febbraio M. CD36, a scavenger receptor involved
in immunity, metabolism, angiogencsis, and bechavior. Se¢i Signal
2009; 2: re3.

Han J, Zhou X, Yokoyama T, Hajjar DP, Gotto Jr AM, Nicholson
AC. Pitavastatin downregulates expression of the macrophage type
B scavenger receptor, CD36. Circulation 2004; 109: 790-796.

Yun MR, Park HM, Seo KW, Kim CE, Yoon JW, Kim CD.
Cilostazol attenuates 4-hydroxynonenal-enhanced CD36 expres-
sion on murine macrophages via inhibition of NADPH oxidase-
derived reactive oxygen species production. Koreann J Physiol
Pharmacol 2009; 13: 99-106.

171

Downloaded from lup sagepub com by TATSUYA ATSUMI on February 4, 2014

— 152 —

Lupus



PERINATAL/NEONATAL CASE PRESENTATION

Journal of Perinatology (2013) 33, 569-571
© 2013 Nature America, Inc.  All rights reserved 0743-8346/13

www.nature.com/jp

Hemophagocytic lymphohistiocytosis in a newborn infant born to
a mother with Sjogren syndrome antibodies

Y Suzuki',

N Takahashi'?, Y Yada', Y Koike!, M Matano', H Nishimura' and Y Kono'

We encountered a neonatal patient with hemophagocytic lymphohistiocytosis (HLH) whose mother was positive for anti-Ro/SSA
and anti-La/SSB antibodies. Complete atrioventricular block was found in a male patient at 29 weeks of gestation. The patient was
born at 40 weeks of gestation. He showed severe circulatory disturbance at 22 h after the birth, and he also had elevated serum
levels of aspartate aminotransferase (1027 1U ™), alanine aminotransferase (1211U1 ™), lactic dehydrogenase (3490 1U | ™), ferritin
(9769.7 ngmi ™) and soluble interleukin-2 (IL-2) receptor (3230 Umi ™ '). We could not find any known HLH genetic abnormality in
the patient, but he fulfilled seven of the eight criteria for HLH. Serum levels of IL-6 and [L.-8 had been already elevated in his cord
blood, and serum levels of granulocyte-macrophage colony-stimulating factor and IL-8 were significantly increased on the second
day of life. His symptoms regressed with the administration of hydrocortisone. We presumed that transplacental transfer of

maternal antibodies could be related to the occurrence of HLH.

Journal of Perinatology (2013) 33, 569-571; doi:10.1038/jp.2012.147
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INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH) is caused by a
prolonged and excessive activation of antigen-presenting cells
and CD8 + T cells, and encompasses several entities, including a
primary familial HLH and a secondary form associated with
infection, malignancies and rheumatologic disorders.! Suzuki
et al.? reported only 20 neonatal cases during a 10-year period
in Japan, and they did not find any neonatal patients with
autoimmune-related secondary HLH.

We encountered a neonatal patient with HLH that may be
caused by the transplacental transfer of maternal anti-Ro/SSA and
anti-La/SSB antibodies. We determined the cytokine profile at
several times in his clinical course.

CASE

Complete atrioventricular block was identified with fetal ultra-
sonography in a male patient at 29 weeks of gestation. The
patient’s heart rate was around 70 b.p.m. His mother did not show
any signs or symptoms, but her serum was positive for anti-Ro/SSA
(64Uml ") and anti-La/SSB (32U ml~ ") antibodies. She did not
have any other auto-antibodies. The patient was born at 40 weeks
of gestation by normal vaginal delivery, and his birth weight was
3292 g. His Apgar scores were 8 at both 1 and 5 min. His heart rate
was around 70b.p.m., but his general condition was fine. His
platelet count was low (93.0 x 10°ul™") and his serum level
of C-reactive protein was negative at 0.02mgdl ™. Serum levels
of aspartate aminotransferase and alanine aminotransferase
were 62 and 121UI77, respectively, but the serum fevel of
lactic dehydrogenase was high (8841U17"). Serum titers of
anti-Ro/SSA and anti-La/SSB antibodies in the cord blood were
positive (64 and 8Uml ™", respectively). Immunoglobulin M was

<5mgd! ™" and anti-cytomegalovirus immunoglobulin M anti-
body was negative in the cord blood. At 19h after birth, his
Table 1. Revised diagnostic criteria for HLH and the patient’s results
Patient’s Fulfillment
data (+/-)
Family history or known genetic defect Not
identified
PRF1, Munc13-4, Munc 18-2, Syntaxin 11
Clinical and laboratory criteria®
Fever (>38.5"C) 389 +
Splenomegaly + +
Cytopenia +
Hemoglobin < 9gdl~ (below 4 weeks, 10.2gd! "’ +
<12gdi™")
Platelets <100000pul 30000 ! +
Absolute neutrophil count < 1000 ™' 1500 -
Hypofibrinogenemia (<1.5g17 ") or Osgl“ +
Hypertriglyceridemia (>2.65g17") 498gl~
Ferritin >500ugl ™" 97691gi~ +
sCD25 >2400Uml ™' 3230Uml " +
Decreased or absent natural killer cell 7% + or —
activity
Hemophagocytosis images in bone ND ND
marrow, cerebrospinal fluid or lymph
nodes
Abbreviations: HLH, hemophagocytic lymphohistiocytosis; ND, not determined.
®Five of the eight clinical and laboratory criteria must be fulfilled, but patients
with a molecular diagnosis consistent with HLH do not necessarily need to fulfill
the diagnostic criteria.
PNatural killer cell activity was measured by >'Cr release assay (15-40% is a
standard value in healthy adults according to the laboratory company, SRL,
Tokyo, Japan).
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platelet count had rapidly decreased to 51.0 x 10° pl =", and his
C-reactive protein level had rapidly increased to 12.0mgd! ~". His
serum level of lactic dehydrogenase also increased to 9741U1 "
At 22 h after the birth, he showed severe pulmonary hypertension
and general hypotension. He received cardiopulmonary
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Figure 1. The clinical course of the patient. AST, aspartate

aminotransferase; CRP, C-reactive protein; GM-CSF, granulocyte-
macrophage colony-stimulating factor; IFN-y, interferon-vy; IL, inter-
leukin; MCP-1, monocyte chemotactic protein-1; PLT, platelet

resuscitation, and then the continuous administration of isoprena-
line and nitric oxide inhalation was started. His circulatory
condition gradually improved, but he had elevated serum levels
of aspartate aminotransferase (10271U17"), alanine aminotrans-
ferase (1211U17") and lactic dehydrogenase (34901U1~"). At 32h
of life, he demonstrated elevated levels of ferritin (9769.7 ngml| ")
and soluble interleukin-2 (IL-2) receptor (sCD25; 3230Umi ~ ). The
patient’s clinical and laboratory data and the criteria for HLH> are
shown in Table 1. No genetic abnormalities for PRF1 and normal
expression levels of Munc 13-4/18-2 and Syntaxin 11 were found.
We gave him a diagnosis of HLH and presumed that the HLH was
related to the acute circulatory disturbance.

Figure 1 shows the patient's clinical course. His circulatory
condition and serum chemistry were improved by intravenous
administration of hydrocortisone (2mgkg~' every 6h). We
gradually tapered the dose of hydrocortisone and stopped the
administration of hydrocortisone on day 24 of life, as shown in
Figure 1. The next day, however, his serum C-reactive protein was
increased (746mgdl™"), and his platelet count was decreased
(90.0 x 10° pl ). His ferritin level was 1187.7 ngml ™. We resumed
the administration of hydrocortisone (1mgkg ™' every 6 h). At this
point, the level of anti-Ro/SSA antibody was 8 Uml ™', and the level
of anti-La/SSB antibody was 1 Uml~". We more gradually tapered
the dose of hydrocortisone and terminated the administration of
hydrocortisone on day 85 after birth as shown in Figure 1.

We measured serum cytokine levels, as described previously.*
As shown in Table 2, serum levels of IL-6 and IL-8 were elevated
in the cord blood. On the second day of life, the most

transfusion; RC, red blood cell transfusion. striking findings were the significantly elevated levels of
Table 2. Concentrations of serum cytokines (pgml ~') in the patient and neonatal controls
Present patient Controls?
CB (n=149) PB (n=8)

GA (weeks)® 40 34.1+3.12 3341259
BW (g)® 3292 1983 + 701 2047 + 540
Age (days) CB 2 18 26 80 cB 56+1.2
Pro-inflammatory cytokines

TNF-o 1.40 4.27 2.52 448 1.40 1.80%3.13 66158

IL-18 1.13 0.48 29 5.4 0.09 1.28 £8.93 2119

-6 221 141 82.6 99.6 10.2 443 £143 43+31

IL-17 <0.02 6.15 223 8.51 6.22 1.231+433 70+74
Th1 cytokines

IFN-y 0.56 6.79 109 260.6 3.12 1.80£3.13 53%5.2

iL-2 <0.02 0.5 1.23 2.59 <0.02 1011974 054+12

L-12 19 232 45 4.07 1.46 0.60 *+4.23 26+4.1
Th2 cytokines

-4 0.28 0.37 027 0.53 0.21 036+ 1.54 0.14£0.20

IL-5 0.06 0.56 0.39 0.68 <0.04 0.79+£1.52 20105

iL-10 0.7 75 6.55 258 1.61 0.89£2.03 1.8+21

IL-13 <0.02 273 0.82 4.85 0.06 377+21.2 12211
Growth factors

IL-7 0.64 4,55 0.06 0.33 <0.02 2311231 0.22+033

GM-CSF <0.02 3427 465.8 5153 187.3 4721287 17.0+£13.7

G-CSF 307 152.9 2265 34.1 171 9.12+370 11.2+£70
Chemokines

IL-8 84.4 4473 59.2 155.2 119 18.8+33.0 200+104

MCP-1 21.3 2454 647.4 26119 160.5 82.1188.1 487.0+221.4

MIP-18 1525 842 147.2 150.8 728 2242 +131.7 185.5+£73.1

bValues are shown as mean # s.d. of controls.

Abbreviations: BW, birth weight; CB, cord blood; GA, gestational age; GM-CSF, granulocyte-macrophage colony-stimulating factor; IFN-y, interferon-y;
IL, interleukin; MCP-1, monocyte chemotactic protein-1; MIP-1f3, macrophage inhibitory protein-1p; PB, peripheral blood; TNF-a, tumor necrosis factor-o.
®Controls contained two groups. One group included 149 CB samples, and the other group included PB samples from eight newborn patients. The samples
were collected from patients with various risk factors who were admitted to the Neonatal Intensive Care Unit of Jichi Medical University School of Medicine.
The 149 CB samples were extracted from a group of 224 CB samples whose cytokine profiles were investigated in our previous paper.* The 75 samples of cases
with premature rupture of membrane, chorioamnionitis and placental abruption were excluded. The other control group consisted of eight newborn patients
with several minor risks consisting of slightly low birth weight (n = 5), diabetic mothers (n = 2) and hyperbilirubinemia caused by breast feeding (n=1). P8 of
controls was taken between the fourth and eighth days of life. Written informed consent was obtained from the controls’ parents.
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serum  granulocyte-macrophage  colony-stimulating  factor
(342.7pgml~ 1) and IL-8 (4473 pgml ™). On the 18th day of life,
when the patient’s circulatory condition was stable, the serum
levels of several cytokines were still high. On the 26th day of life,
when the patient’s serum C-reactive protein had increased after
the initial attempt at hydrocortisone cessation, several cytokine
levels were increased further, particularly interferon-y. On the 80th
day of life, just before the successful termination of hydrocorti-
sone administration, the serum levels of almost all cytokines were
low (Table 2 and Figure 1).

DISCUSSION

Macrophage activation syndrome is a special form of HLH that
occurs in children and adults with autoimmune diseases.’™"°
Imashuku et al.” studied 96 Japanese patients under 1 year of age
with HLH, and they found that four patients (age range, 7 to 12
months) developed rheumatoid arthritis-associated macrophage
activation syndrome. To the best of our knowledge, this report
may be the first case of neonatal HLH caused by maternal transfer
of antibodies.

Fukaya et al.’” identified two adult patients with Sjogren
syndrome who had developed HLH in a group of 30 patients with
autoimmune diseases. Neonatal lupus erythematosus is caused
by the transplacental passage of maternal autoantibodies,
most commonly anti-Ro/SSA  and anti-La/SSB  antibodies.
Wisuthsarewong et al.'" reported 17 patients with neonatal lupus
erythematosus who were diagnosed at 28 to 84 days of life in
Thailand. There has been no report of a neonatal patient with
neonatal lupus erythematosus who developed HLH. Autoimmune-
related HLH is characterized by very high ferritin levels, severe
cardiac impairment and responsiveness to corticosteroid.”'? From
these facts, it is plausible that anti-Ro/SSA and anti-La/SSB
antibodies had a role in the development of HLH in this patient.

Patients with familial or secondary HLH have high serum levels
of various pro-inflammatory cytokines such as interferon-y, IL-6,
IL-8, IL-10, IL-12, IL-18 and tumor necrosis factor-o.>'> We
previously described a patient with familial HLH who developed
hydrops fetalis.™ This patient also had high levels of IL-6 and IL-8
in cord blood. Fetuses must avoid harmful inflammatory immune
responses that could lead to preterm delivery; therefore, Thi
immune responses are usually depressed in utero. This fact may be
related to the low levels of the other cytokines in cord blood.
Several reports have identified interferon-y as the most important
cytokine in the development of HLH.>'®> When corticosteroid
therapy was reinitiated, our patient showed high levels of several
cytokines including interferon-y. The immunological reaction at
this time point might be different than the immunological
reaction during the first hours of life.

This report may be the first report of a neonatal patient with
autoimmune-related HLH. We think that it is important to

/’10

© 2013 Nature America, Inc.

accumulate information on neonatal patients with similar condi-
tions to our patient in future studies to further elucidate the
underlying mechanism.
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Inhibition of Connective Tissue Growth Factor Ameliorates
Disease in a Murine Model of Rheumatoid Arthritis

2

Kazuhisa Nozawa,' Maki Fujishiro,” Mikiko Kawasaki,” Ayako Yamaguchi,'
Keigo Ikeda,® Shinji Morimoto,” Kazuhisa Iwabuchi,” Mitsuaki Yanagida,*
Shouzo Ichinose,” Megumi Morioka,* Hideoki Ogawa,” Kenji Takamori,*

Yoshinari Takasaki,” and Iwao Sekigawa®

Objective. We have shown that connective tissue
growth factor (CTGF) plays an important role in the
pathogenesis of rheamatoid arthritis (RA). This study
was undertaken to evaluate the effects of blockade of the
CTGF pathway on the development of collagen-induced
arthritis (CIA) in mice.

Methods. Arthritis was induced in DBA/1J mice
by immunization with a combination of type II collagen
(CII) and Freund’s complete adjuvant. We evaluated the
development of arthritis in mice with CIA left untreated
versus treated with neutralizing anti-CTGF monoclonal
antibody (mAb).

Results. Inhibition of CTGF in mice treated with
neutralizing anti-CTGF mAb significantly ameliorated
arthritis compared to the untreated mice with CIA.
Serum levels of matrix metalloproteinase 3 were re-
duced by anti-CTGF mAb treatment. Moreover, block-
ade of CTGF decreased interleukin-17 expression on
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purified CD4+ T Iymphocytes. Although the expression
of the retinoic acid receptor-related orphan receptor yt
gene was not suppressed by anti-CTGF mAb treat-
ment, that of interferon regulatory factor 4 (IRF-4) and
1«B{ (Nfkbiz), which are other important molecules for
the differentiation of Th17 cells, was suppressed. In ad-
dition, blockade of CTGF inhibited pathologic prolifer-
ation of T lymphocytes in response to CII restimulation
in vitro. Moreover, aberrant osteoclastogenesis in mice
with CIA was restored by anti-CTGF mAb treatment.

Conclusion. Our findings indicate that blockade
of CTGF prevents the progression of arthritis in mice
with CIA. Anti-CTGF mAb treatment suppresses patho-
logic T cell function and restores aberrant osteoclasto-
genesis in mice with CIA. CTGF may become a new
target for the treatment of RA.

We previously examined changes in the serum
levels of protein biomarkers in infliximab-treated pa-
tients with rheumatoid arthritis (RA), via a novel ap-
proach to proteomic research using a specially developed
serum/plasma protein separation device (hollow-
fiber membrane-based device; Toray) and a linked
2-dimensional liquid chromatography system (2-D liquid
chromatography mass spectrometry/mass spectrometry)
(1). Among the proteins examined in the previous
study, we identified connective tissue growth factor
(CTGF) as a novel effector molecule in the pathogenesis
of RA (1).

CTGF was discovered as a result of cross-
reactivity of a platelet-derived growth factor (PDGF)
antiserum with a single 38-kd polypeptide secreted
by cultured human umbilical vein endothelial cells
(HUVECGs), and complementary DNA (cDNA) for
CTGF isolated from a HUVEC cDNA expression li-
brary using an anti-PDGF antibody was shown to en-
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code a 349-amino acid protein (2). CTGF is a bioactive
cytokine and is a member of the CCN protein family (3).
CCN is believed to be a downstream mediator of trans-
forming growth factor 8 (TGFp) (3). Although cur-
rently a number of cell surface molecules, such as
various kinds of integrins, have been proposed as candi-
dates for specific receptors against CTGF, they have not
been completely defined to date. Furthermore, CTGF
is produced by various types of cells and is associated
with several biologic functions, such as fibrosis, tumori-
genesis, angiogenesis, and endochondral ossification
(4.5). In addition, although CTGF is known to have
multiple biologic effects depending on target cells, few
studies have examined its effects on the immune re-
sponse against immunocompetent cells such as T lym-
phocytes.

In our previous study, we investigated the con-
tribution of CTGF to the pathogenesis of RA and found
that the serum levels and tissue expression of CTGF
were up-regulated in patients with RA (6). In addition.
we identified integrin «V 83 as a cell membrane receptor
against CTGF on human osteoclasts. Ligation of CTGF
to integrin «VE3 recruits ERK-1/2 and is subsequently
associated with focal adhesion kinase (FAK) activation
(6). To extend our research on the role of CTGF in the
pathogenesis of RA, we performed this study to clarify
pathologic roles of CTGF in the development of arthri-
tis, using the murine collagen-induced arthritis (CIA)
model.

In the present study, we confirmed that CTGF
was aberrantly expressed in the synovial tissue of mice
with CIA. In addition, we found that blockade of the
CTGF pathway by administration of anti-CTGF mono-
clonal antibody (mAb) significantly prevented the pro-
gression of arthritis in mice with CIA. Furthermore,
we investigated the effects of CTGF on T cell response
because T cells reacting with type II collagen are known
to contribute to the development of CIA in mice. We
found that the blockade of CTGF inhibited not only the
proliferation of autoreactive T cells but also the differ-
entiation of Thl7 cells. Moreover, CTGF blockade
reduced aberrant osteoclastogenesis in mice with CIA.
which results in amelioration of the discase.

We propose that CTGF is an important effector
molecule for RA pathogenesis through inhibition of
autoreactive T cell proliferation, aberrant Th17 differ-
entiation, and increased osteoclastogenesis. Blockade of
the CTGF pathway might become a new therapeutic
strategy for RA.

NOZAWA ET AL

MATERIALS AND METHODS

Mice. Female DBA/IJ mice were purchased from
Charles River. All mice were 7-8 weeks old at the beginning
of the experiments and were maintained under specific
pathogen-free conditions. All animal experiments were ap-
proved by the Juntendo University Animal Experimental
Ethics Committee.

Induction of CIA, mAb treatment, and clinical assess-
ment of arthritis. DBA/1J mice were immunized intradermally
at the base of the tail with 100 ug of bovine type I collagen
(CII; Chondrex) in 0.05M acetic acid, emulsitied in Freund’s
complete adjuvant (CFA). Each group consisted of 12 mice.
Neutralizing anti-CTGF mAb was kindly provided by Nosan
Corporation: Nosan Corporation developed mAb against the
native structurc of human CTGF by genetic immunization of
mice (7). Mice were immunized by injection of plasmids
containing full-length CTGF. The antibody that was produced
specifically recognized the insulin-like growth factor binding
protein domain of CTGF. This antibody did not recognize a
denatured CTGF even if concentration of the antibody was
very high. Moreover, the antibody has also been shown to
cross-react with mouse CTGF as previously described (8.9).
The immunized mice were randomly sclected and were intra-
peritoneally administered 200 pg of anti-CTGF mAb or con-
trol purified mouse Ig (Sigma) weekly from 1 week before
immunization to 7 weeks after immunization (administration
before immunization protocol). In another experiment, mice
with CIA were treated with anti-CTGF mAb from 3 weeks to
5 weceks after the onset of arthritis (administration after
immunization protocol). The mice with CIA were monitored
for arthritis every week and scored in a blinded manner.
The degree of swelling in all 4 paws was evaluated by mea-
suring paw thickness, and the severity of arthritis was graded
on a scale of 0-4, where 0 = no swelling, | = | inflamed digit,
2 = 2 inflamed digits, 3 = more than 1 digit and footpad
inflamed, and 4 = all digits and footpad inflamed. Each paw
was graded, and the 4 scores were totaled so that the maxi-
mum possible arthritis score per mouse was 16. Serum samples
were collected 7 weeks after immunization. All mice were
killed 8 weeks after immunization and used for subsequent
experiments.

Immunohistochemical analysis. Briefly, serial paraffin
sections derived from articular tissue samples were deparaf-
finized. rehydrated. and washed with water as previously re-
ported (6). The samples were subjected to heat treatment
using citric acid buffer (pH 6.0) with 0.1% Tween 20, and these
samples were incubated with peroxidase quenching solution
for 10 minutes. The samples were incubated with 1% bovine
serum albumin (Sigma) for 60 minutes to eliminate nonspecific
binding and then incubated for 60 minutes with goat anti-
CTGF antibody (L-20: Santa Cruz Biotechnology) diluted [:50
in phosphate buffered saline (PBS). After washing with PBS,
the bound antibody was visualized using a Super Picture
Polymer Detection Kit according to the recommendations of
the manufacturer (Zymed). In addition, the sections were
counterstained using hematoxylin and eosin (H&E). Histologic
examinations were performed as previously described (10).

Enzyme-linked immunosorbent assay (ELISA). The
serum levels of matrix metalloproteinase 3 (MMP-3) in mice
were measured using an ELISA system (Quantikine MMP-3
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Mouse ELISA Kit) according to the recommendations of the
manufacturer (R&D Systems). Each sample was analyzed in
triplicate, the average optical density was measured at 450 nm,
and an appropriate development time was used for the data
analysis.

T cell proliferation in vitro. Splenocytes were isolated
from each group of mice at & weeks after immunization with
CII and were cultured in 96-well flat-bottomed microculture
plates at a density of 6 x 107 cellsiwell in the presence or
absence of the indicated doses of denatured CI (60°C, 30
minutes) for 72 hours. To evaluate the proliferation of T
lymphocytes, interleukin-2 (1L-2) concentration was measured
in the supernatants using a Mouse 11L-2 ELISA kit according to
the recommendations of the manufacturer (Cell Sciences).

Immunoblotting. Immunoblotting analysis was per-
formed as previously described (6). Bricfly, the cell extracts
of splenic lymphocytes were further subjected to sodium do-
decyl sulfate-polyacrylamide gel electrophoresis and electro-
transferred to the membranes. After blocking, the primary
antibodies, rabbit anti~-ERK-1/2 antibody (Abcam) at 1:2,000
dilution, rabbit anti-phosphorylated ERK-1/2 antibody (Abcam)
at 1:10,000 dilution, rabbit anti-B-actin antibody (Sigma) at
1:1,000 dilution, rabbit anti-FAK antibody (Santa Cruz Bio-
technology) at 1:200 dilution, and rabbit anti~phosphorylated
FAK antibody at 1:200 dilution, were incubated with the blots
overnight at room temperature. Bound antibodies were de-
tected using horseradish peroxidase—conjugated anti-rabbit
{gG antibody (Dako) at 1:2,500 in combination with enhanced
chemiluminescence (SuperSignal West Pico; Pierce).

Microarray analysis. CD4+ T cells from splenocytes
in each group were purified by passing them through a
Pre-Separation filter (30 wm; Miltenyi Biotec) and by using an
auto-MACS column with CD4+ T cell isolation kit (Miltenyi
Biotec) according to the manufacturer’s instructions. Total
RNA was extracted from the purified CD4+ T cells using the
RNeasy Mini kit according to the recommendations of the
manufacturer (Qiagen). The extracted RNAs were further used
for a DNA microarray analysis. Fluorescence-labeled RNA
targets were synthesized using an Amino Allyl Messageamp 1
mRNA Amplification Kit (Ambion). The RNA targets synthe-
sized from untreated mice with CIA were coupled with Cy3
(channel 1) and those from mice treated with anti-CTGF mAb
were coupled with Cy5 (channel 2). These labeled targets were
competitively hybridized to a 24k 3-dimensional gene mouse
oligo chip (Toray) which had been incubated overnight at
37°C, and the hybridized images were scanned and detected
using a Gene Pix 440A system (Intermedical).

Real-time quantitative reverse transcription-
polymerase chain reaction (qRT-PCR). Real-time qRT-PCR
was performed as previously reported (6). The primers used
were as follows: for mouse 1L-17A (GenBank accession no.
NM_010552). 5'-CCTTCACTTTCAGGGTCGAG-3' (for-
ward) and 5-AAACGTGGGGGTTTCTTAGG-3' (reverse);
for [L-21 (GenBank accession no. NM_021782), 5'-GGAGG-
GGAGGAAAGAAACAG-3' (forward) and 5'-GGGAATC-
TTCTCGGATCCTC-3' (reverse); for nuclear factor of « light
polypeptide gene enhancer in B cells inhibitor ¢ (Nfkbiz;
GenBank accession no. NM_030612), 5'-TATCGGGTGAC-
ACAGTTGGA-3' (forward) and 5'-TGAATGGACTTCCC-
CTTCAG-3" (reverse); for interferon regulatory factor 4
(IRF-4; GenBank accession no. NM_013674), 5'-CTGAGTG-

GCTGTATGCCAGA-3 (forward)y and 5'-ATCAGCAA-
TGGGAAAGTTCG-3" (reverse), and for B-actin controls,
S-CATCCGTAAAGACCTCTATGCCAAC-3" (forward)
and 5-ATGGAGCCACCGATCCACA-3" (reverse). Quan-
titative real-time RT-PCR was performed using a 10-ul sam-
ple volume with 300 ng of ¢cDNA in 2 SYBR Premix Ex Taq
kit (Takara). The amplification cycles consisted of 95°C for
5 seconds as the first step (1 cycle). 95°C for 5 seconds and
60°C for 30 seconds for [L-17A, IRF-4, and Nfkbiz and 65°C
for 30 seconds for [L-21 as the second step (40 cycles), and
95°C for 5 seconds, 60°C for 30 seconds, and 95°C for 15
seconds as the third step (1 cycle). according to the protocol
described by the manufacturer (Takara). To determine the
quantitative expression levels of the transcripts, sample loading
was monitored and normalized by the expression of p-actin
transcripts.

Osteoclast differentiation, The mice were killed 8
weeks after CII immunization. Spleen cells were derived from
untreated mice and mice treated with anti-CTGF mAb weekly
from 1 week before immunization to 7 weeks after immuniza-
tion. The splenocytes were puritied into a CD14+ population
using biotin anti-mouse CD14 (BioLegend) and anti-biotin
microbeads (Miltenyi Biotec) according to the protocol sup-
plied by the manufacturers. The purified CD14+ monocytes
(7.5 > 107 cellsiwell) were cultured and incubated with mac-
rophage colony-stimulating factor (M-CSF; 50 ng/ml) (R&D
Systems) and soluble RANKL (sRANKL: 100 ng/ml) (Sigma-
Aldrich). After 3 days. the cells were stained for tartrate-
resistant acid phosphatase (TRAP) expression using a TRAP
staining kit (Primary Cell) for detection of osteoclasts after
incubation for 7 days. TRAP-positive multinucleated cells in 3
randomly selected fields examined at 100X magnification were
counted as osteoclasts under light microscopy.

HE s1sning LIGE staining

Cantraf IgG alaining

<iaf+}

<AL}

Figure 1. Connective tissue growth factor (CTGF) expression is in-
creased in articular cartilage from mice with collagen-induced arthritis
(CTA). Eight weeks after immunization, the mice with CIA were killed
and articular tissue was subjected to immunohistochemical analysis.
The tissue samples were stained with anti-CTGF antibody or control
goat IgG antibody, and the bound antibody was visualized as described
in Materials and Methods, Serial sections of the articular tissue
samples were also counterstained with hematoxylin and eosin (H&E)
to confirm the occurrence of arthritis. The expression of CTGF
(arrow) was higher in the articular tissue of mice with CIA than in
control mice.
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Statistical analysis. The experimental data were com- Prevention of the development and progression
pared using Student’s unpaired r-test. £ values less than 0.05 of arthritis by blockade of the CTGF pathway in mice
were considered significant. with CIA. To confirm the mechanism by which CTGF
contributes to the development of arthritis in mice

RESULTS treated with collagen, we administered neutralizing anti-
Increased CTGF expression in the articular tis- CTGF mAb to inhibit the biologic function of CTGF
sue of mice with CIA. To investicate the role of CTGF in in vivo. In this experimental model of CIA, arthritis
the development of CIA in mice, we examined CTGF began to develop 3-4 weeks after immunization with CII
expression in the synovial tissue of mice with CIA by and peaked at 7-8 weeks after immunization. The mice
immunohistochemical analysis. H&E staining of the with CIA treated with anti-CTGF mAb before the onset
synovial tissue sample revealed massive accumulation of of arthritis showed a significant reduction in arthritis
inflammatory cells in mice with CIA compared to con- score comparcd to untreated mice with ClA, which
trol mice without CIA (Figure 1). Although no or very indicated that the development of arthritis was pre-
weak CTGF expression was observed in samples from vented (Figure 2A). In addition, swelling of both of the
control mice, strong CTGF expression was observed in fore paws was prevented by anti-CTGF mAb treatment
the synovial tissue of mice with CIA. (Figure 2B). Similar results were observed in the hind
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Figure 2. Connective tissue growth factor (CTGF) pathway blockade prevents the development of collagen-induced arthritis (CIA). The mice with

CIA were randomly selected and were intraperitoneally administered anti-CTGF monoclonal antibody (Ab) or purified control g weekly from 1
week before immunization to 6 weeks after immunization (administration before immunization protocol). A, Arthritis score. Mice were monitored
for arthritis weekly and scored in a blinded manner. B, Paw swelling. The degree of swelling of the front paws was evaluated by measurement of paw
thickness. C, Serum levels of matrix metalloproteinase 3 (MMP-3). Serum samples were collected from each group of mice 8 weeks after
immunization. Values in A~C are the mean = SD (n = 12 mice per group). = = £ < (.03 versus anti-CTGF-treated mice with CIA. D, Staining of
articular tissue samples with hematoxylin and eosin (H&E). The boxed area indicates inflamed synovial tissue in an untreated mouse with CLA.
Blockade of the CTGF pathway efficiently prevented the development of arthritis in mice with CIA.
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Figure 3. Blockade of the connective tissue growth factor (CTGF) pathway in mice after the onset of collagen-induced arthritis (CIA) ameliorates
disease. The mice with CIA were administered anti-CTGF monoclonal antibody (Ab) or purified control mouse Ig weekly from 4 weeks after
immunization to 6 weeks after immunization (administration after immunization protocol). A, Arthritis score. Mice were monitored for arthritis
weekly and scored in a blinded manner. B, Serum levels of matrix metalloproteinase 3 (MMP-3). Serum samples were collected from each group
of mice 8 weeks after immunization. Blockade of the CTGF pathway efficiently prevented the progression of arthritis despite administration
of the antibody after the development of arthritis. Values are the mean * SD (n = [2 mice per group). = = P -2 0.05 versus anti-CTGF-treated

mice with CTA.

paws (data not shown). We also evaluated serum levels
of MMP-3 as a biomarker for synovial tissue inflamma-
tion. Administration of anti-CTGF mAb significantly
reduced serum levels of MMP-3 (Figure 2C). Histologic
analysis with H&E staining revealed a specific arca with
accumulation of inflammatory cells in samples obtained
from untreated mice with CIA compared to control mice
(Figure 2D). Mice with CIA treated with anti-CTGF
mAb showed a reduction in the accumulation of inflam-
matory cells (Figure 2D).

Next, we investigated whether anti-CTGF mAb
treatment still suppressed arthritis development even
after the onset of arthritis. In our experimental model,
arthritis began to develop 3-4 weeks after immuniza-
tion. Therefore, anti-CTGF mAb was administered 3
times, at 4, 5, and 6 weeks after immunization with CII
with CFA, to evaluate suppressive effects against the
progression of established arthritis. Similar to the effects
seen in mice administered anti-CTGF mAb before the
onset of arthritis, therapeutic effects were observed in
mice treated with anti-CTGF mAb after arthritis onset
(Figure 3A). In addition to the arthritis score, serum
levels of C-reactive protein and MMP-3 were also
reduced in mice with established CIA treated with
anti-CTGF mAb (Figure 3B).

Effect of anti-CTGF mAb treatment on T cell
proliferation in mice with CIA. We hypothesized that
amelioration of arthritis by anti-CTGF mAb results from
modulation of Cl-specific T cell responses, because
CII antigen-specific T cells have been considered to

play a pathologic tole in the mouse model of CIA.
To investigate this. splenocytes were isolated 8 weeks
after immunization with CII, and proliferative responses
against CII were assessed ex vivo. As expected, we
confirmed that the Cll-specific proliferative response
was suppressed in mice treated with anti-CTGF mAb
(Figure 4A). To obtain further information about the
cell proliferation pathway affected by anti-CTGF mAb
treatment, we investigated intracellular signal transduc-
tion. We have previously shown that CTGF mediated
ERK and FAK activation through ligation with integrin
aVB3 as a cell membrane receptor on human osteoclasts
(6). Therefore, we monitored phosphorylation of ERK
and FAK in splenic lymphocytes at 8 weeks after immu-
nization. Both ERK and FAK phosphorylation were
up-regulated in mice with CIA compared to control
mice. We found that phosphorylation of ERK was
suppressed by anti-CTGF mAb treatment in mice with
CIA, although phosphorylation of FAK did not change
(Figure 4B). These data suggested that CTGF mediated
ERK activation through ligation with an unknown re-
ceptor, subsequently resulting in T cell proliferation.
Reduction in Th17 differentiation and osteoclas-
togenesis by blockade of the CTGF pathway in mice with
CIA. To further evaluate the effect of anti-CTGF mAb
on T cells, we assessed the production of cytokines from
CD4+ T cells. Microarray analysis was used to deter-
mine whether the gene expression levels of cytokines on
CD4+ T cells from mice treated with anti-CTGF mAb
were altered compared to those from untreated mice
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Figure 4. Anti-connective tissue growth factor (anti-CTGF) monoclonal antibody (mAb) treatment suppresses T cell proliferation in mice with
collagen-induced arthritis (CIA). Control mice and mice with CIA treated weekly with CTGF mAb or control purified Ig were killed 8 weeks after
immunization. Lymphocytes were isolated from the spleen in each group of mice and were cultured in the presence or absence of type IT collagen
(CII) for restimulation ex vivo. A, T cell proliferation restimulated by CII in each group of mice. Anti-CTGF mAb treatment suppressed T cell
proliferation. Values are the mean = SD. = = P < 0.05. B, Immunoblotting analysis using anti-phosphorylated ERK-1/2, conventional ERK-1/2,
anti-phosphorylated focal adhesion kinase (FAK), conventional FAK, and g-actin (ACTB) antibodies in cell extracts of the splenic lymphocytes.
Phosphorylation of ERK-1/2 was suppressed in mice with CLA treated with anti-CTGF mAb. IL-2 = interleukin-2.

with CIA. The results of the microarray analysis showed
clear up-regulation (gene expression ratio >20) or
down-regulation (gene expression ratio <0.5) of several
cytokines due to anti-CTGF mAb treatment (Table 1).
Interestingly, we found that the expression levels of
1L-17 and IL-21 were markedly down-regulated and
those of IL-6, IL-10, and 1L-23 were up-regulated.

To validate the microarray analysis data, we
performed quantitative RT-PCR and confirmed that the
expression of IL-17 on CD4+ T cells was significantly
suppressed by treatment with anti-CTGF mAb (Figure
SA). Similar results were observed for IL-21 (data not
shown). IL-17 is well known to be an important factor in
the development of CIA in mice. Furthermore, Thl7
cells selectively produce not only IL-17 but also signa-
ture cytokines such as 1L-21, and these cells play a
critical role in the chronic inflammatory response and
subsequent tissue damage in RA (11). Therefore, we
assumed that anti-CTGFEF mAb treatment contributes to
amelioration of CIA through the suppression of Thi7
differentiation.

Next, we analyzed the gene expression of Thl7-
regulating transcription factors. Although expression of
the retinoic acid receptor—related- orphan receptor yt
(RORt) gene, which is the major transcription factor
for Th17 differentiation, was not significantly altered in
the treated mice (data not shown), a nuclear I«xB family
member, [kB¢ (encoded by Nfkbiz), and IRF-4 (en-
coded by IRF4) on CD4+ T cells were clearly down-
regulated in the anti-CTGF mAb-treated mice with CIA
(Figures 5B and C). Recently, Nfkbiz has been reported
to have a potent effect on the differentiation of Th17

cells by cooperating with RORvyt (12). Moreover, [RF-4
has been shown to be essential for IL-21-mediated
induction, amplification, and stabilization of Thl17 cells
(13,14). Taken together, these data suggest that block-
ade of the CTGF pathway exerts suppressive effects on
Th17 difterentiation through regulation of Nfkbiz and
IRF-4 expression and contributes to the amelioration of
CIA in mice.

Our previous study showed that CTGF enhanced
osteoclastogenesis and played an important role in bone
destruction in patients with RA (6). In the present study
we observed that M-CSF/RANKIL-mediated osteoclas-
togenesis from CD14+ progenitor cells was increased in

Table 1. Altered gene expression levels of cytokines on CD4+
T cells in mice treated with anti-CTGF monoclonal antibody”

Gene
expression

Gene RefSeq ID Description ratio

Up-regulated

123 NM_031252  Interleukin 23, alpha 5220163
subunit p19
1o NM_010548  Interleukin 10 2.72609
16 NM_031168  Interfeukin 6 2.647875
Down-regulated
121 NM_021782  Interleukin 21 0.012748
H17A NM_010552  Interleukin 17A 0.020372
t4 NM_021283  Interleukin 4 0.175501
[Ith NM_008361  Interleukin | beta 0.284016

“ Altered gene expression levels were defined as a gene expression
ratio of >2.0 (for up-regulation) and -20.5 (for down-regulation) in
mice with collagen-induced arthritis (CIA) treated with anti-
connective tissue growth factor (anti-CTGF) monoclonal antibody
compared to untreated mice with CIA.
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Figure 5. Connective tissue growth factor (CTGF) pathway blockade reduces Th17 cell differentiation and osteoclastogenesis in nice with
collagen-induced arthritis (CIA). Mice were killed 8 weeks after immunization in the administration before immunization protocol {9 weeks after
the beginning of anti-CTGF monoclonal antibody [mAb] administration). A-C, Expression of interleukin-17A (IL-17A) (A). nuclear factor of « light
polypeptide gene enhancer in B cells inhibitor £ (Nfkbiz) (B), and interferon regulatory factor 4 (IRF-4) (C). CD4+ T cells were isolated from
splenic T cells, and total RNA was purified as described in Materials and Methods. The purified RNAs were used for quantitative reverse
transcription-polymerase chain reaction, and the expression levels of [L-17A, Nfkbiz, and [RF-4 were evaluated in the RNAs from mice with CIA
that were left untreated or treated with anti-CTGF mAb. D, Numbers of tartrate-resistant acid phosphatase (TRAP)-positive cells. For evaluation
of osteoclastogenesis, CD14+ osteoclastic progenitor cells were purified from splenocytes 8 weeks after immunization and then osteoclasts were
induced by macrophage colony-stimulating factor and soluble RANKL. as described in Materials and Methods. Osteoclastogenesis was suppressed
in mice with CIA treated with anti-CTGF mAb. Values are the mean = SD. = = P -2 0.05. ACTB = B-actin.

mice with CIA compared to that in control mice. As
expected, anti-CTGF mAb treatment reduced the num-
ber of osteoclasts, which suggested a reduction in aber-
rant osteoclastogenesis in mice with CIA (Figure 5D).

DISCUSSION

This study was performed to determine the role
of CTGF in the development of arthritis in a murine
model of RA. There were several novel and interesting
findings. Immunohistochemical studies revealed that
CTGF appears to be extensively expressed in the artic-
ular tissue of mice with CIA (Figure 1). Treatment with
anti-CTGF mAb significantly ameliorated arthritis in
mice with CIA (Figures 2 and 3), suppressed pathologic
proliferation of T cells (Figures 4A and B), and inhibited
1L-17 production on CD4+ T cells and differentiation of
Th17 cells (Figures SA-C) in mice with CIA. In addition,
anti-CTGF mADb significantly reduced osteoclastogen-
esis in these mice (Figure 5D).

Although the molecular mechanisms involved in

CTGF signaling, such as signal transduction mediated
by specific cell receptors, are far from understood,
several studies have demonstrated that CTGF plays a
significant role in the pathogenesis of RA (15-17). For
example, aberrant CTGF expression results in cartilage
damage with increased messenger RNA coding for de-
grading enzymes such as MMP-3 (18). Manns and co-
workers also showed that CTGF is up-regulated in an
experimental animal model of RA and that treatment
with thrombospondin 1-derived peptide is associated
with the down-regulation of CTGF occurring simultane-
ously with the amelioration of the disease (19).

We have previously shown that CTGF enhances
osteoclastogenesis in patients with RA and plays an
important role in the pathogenesis of RA (6). Osteo-
clasts are commonly found within the erosive pit at the
interface between the synovial inflammatory tissue and
subchondral bone (20). RANKL is a membrane protein
present on osteoblasts and recognizes its receptor
(RANK) expressed on marrow macrophages, which pro-
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motes the osteoblasts to differentiate into osteoclasts in
the presence of M-CSF (21-23). Therefore, aberrant
osteoclastogenesis plays an important role in the devel-
opment of RA, and this process is further positively
regulated by proinflammatory cytokines under patho-
genic conditions such as CIA in mice. Our data indicate
that aberrant osteoclastogenesis, which occurred in mice
with CIA, was reduced by blockade of the anti-CTGF
pathway (Figure SD). These data supported our previ-
ous findings. We assumed that one of the important
factors for the amelioration of disease in CIA was that
CTGF directly atfects osteoclastogenesis by interacting
with CD14+ osteoclastic precursor cells.

In addition to the direct effect of CTGF on
osteoclastogenesis, we observed that blockade of the
anti-CTGF pathway suppressed Thl7 differentiation
(Figure 5A). IL-17 is well known to play a significant
role in CIA, and was responsible for the priming of col-
lagen-specific T cells. These observations suggest
that IL-17 plays a crucial role in the development of
CIA by activating the cellular response (24). IL-17 is
mainly produced by CD4+ Th17 cells, and classic Th17
cells are also important contributors to the development
of arthritis in mouse models such as CIA and in human
RA (25); further, TL-17 has recently been correlated
with inflammatory activity in RA (26). Notably, in the
mouse, Thl7 cells directly contribute to bone damage
because they express RANKL and have the ability to
activate RANK expression on osteoclasts (23). In the
present study, we found that blockade of CTGF inhib-
ited 1L-17 expression on CD4+ T cells (Figure 5A).
These results suggest that CTGF blockade could reduce
aberrant osteoclastogenesis not only through a direct
effect but also through indirect effects, such as inhibition
of Th-17 responses, in mice with CIA.

The precise mechanism underlying CTGF-
mediated suppression of Thl7 differentiation is com-
pletely unknown. Microarray analysis showed that the
expression levels of IL-23, 1L-6, and IL-10 were up-
regulated, and IL-17 and IL-21 were down-regulated,
in anti-CTGF mAb-treated mice compared to untreated
mice with CIA (Table 1). Moreover, the expression
levels of TGFB and tumor necrosis factor a were not
altered (data not shown). Although 1L-23 has long been
recognized to be an inducer of IL-17 (27), it has more
recently been established that naive T cells do not
express [L-23 receptor (IL-23R) (28,29). This has led to
the notion that IL-23 cannot be the sole inducer of Th17
differentiation. IL-6 and IL-21 are implicated in the
regulation/induction of IL-17 production (30,31). In
particular, 1L-6 is a potent inducer of Th17 cells but only

NOZAWA ET AL

when combined with other cytokines, including TGFg1
(31.32). This led to the finding that the combination of
TGFEBT with 1L-6 is the initial driver of Th17 specifica-
tion (32). In addition, 1L-21 induces the expression of
[1.-23R. Thus, it appears that both 1L-6 and [L-21 can
promote Th17 differentiation. We assume that the rea-
son the anti-CTGF mAb-treated mice did not exhibit
increased Th17 differentiation with increased I11-6 levels
is that TGFg and TL-21 expression were not increased
concomitantly.

Furthermore, we found that IL-10 expression
on CD4+ T cells was up-regulated in the anti-CTGF
mAb-treated mice. Chaudhry and coworkers showed
that 1L-10, and not proinflammatory IL-6 and IL-23.
cytokine signaling endowed Treg cells with the ability to
suppress pathogenic Th17 cell responses (33). One
possible explanation why blockade of the CTGF path-
way inhibited IL-17 production in CD4+ T cells is that
[L-10 was up-regulated by blockade of the CTGF path-
way. Although few studies have examined the correla-
tion between CTGF and 1L-10 expression, we assume
that blockade of the CTGF pathway positively regulates
IL-10 expression of CD4+ T cells and subsequently
leads to the amelioration of CIA.

We analyzed the expression of genes related to
Th17 differentiation in the anti-CTGF mAb-treated
mice (Figures 5B and C). RORyt acts as a transcription
factor for Th17 differentiation, and therefore, has been
proposed to be a “master regulator” for Th17 differ-
entiation (34). However, the expression of the RORyt
gene was not altered by anti-CTGF mAb treatment in
the present study. This result suggested that the block-
ade of CTGF prevents Thl7 differentiation by other
mechanisms of ROR+yt gene suppression. We found
that the expression of Nfkbiz and IRF-4 genes on CD4+
T cells was significantly suppressed by treatment with
anti-CTGF mAb. Although IRF-4 was originally im-
plicated as a key inducer of GATA-3 expression in
Th2 lineage differentiation (35), IRF-4~deficient T cells
were shown to impair 1L-17 production in response to
TGFB and 1L-6 (36). Furthermore, IRF-4 has been
shown to regulate IL-17 and IL-21 production (14). In
addition to IRF-4, Okamoto and coworkers showed that
a nuclear 1B family member, 1«B{ (encoded by the
Nfkbiz gene). was a transcription factor required for
Th17 development in mice, and they also showed that
Nfkbiz enhanced [L-17 expression by binding directly to
the regulatory region of the IL-17 gene in cooperation
with ROR+yt (12). The blockade of CTGF may nega-
tively regulate IRF-4 and Nfkbiz expression independent
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of ROR~yt and inhibit Th17 ditferentiation, subsequently
leading to the amelioration of CIA.

Taken together, our findings provide evidence of
an important role of CTGF in the development of
arthritis in mice with CIA. We propose that CTGF
exerts significant actions in RA pathogenesis. Blockade
of the CTGF pathway can ameliorate CIA, cspecially
through the inhibition of pathologic proliferation of
T cells and differentiation of Th17 cells and the reduc-
tion of aberrant osteoclastogenesis. These results may
lead to new therapeutic strategies for RA and the
possibility of the development of morc specific biologic
therapies.
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