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Immunogenetic Features in 120 Japanese Patients with
Idiopathic Inflammatory Myopathy
TAKEFUMI FURUYA, MASAYUKI HAKODA, NAOYUKI TSUCHIYA, SHIGERU KOTAKE, NAOMI ICHIKAWA,

YUKI NANKE, AYAKO NAKAHMA, MEGUMI TAKEUCHI, MAKOTO NISHINARITA, HIROBUMI KONDOQ,
AYA KAWASAKI, SHIO KOBAYASHI, TSUNEYO MIMORI, KATSUSHI TOKUNAGA, and NAOYUKI KAMATANI

ABSTRACT. Objective, To examine the role of HLA-DRB1 and umor necrosis factor (TNF) promoter genotypes

in the development and the autcantibody profiles of idiopathic inflammatory myopathy (IIM) in
Japanese patients. '

Methods, HLA-DRB1 and TNF promoter genotypes were determined, and serum antinuclear
autoantibodies were identified in 120 adult Japanese patients with IIM [72 with dermatomyositis
(DM), 30 with polymyositis (PM), 18 with myositis overlapping with other collagen vascular
diseases), as well as in 265 controls,

Results. Forty-two patients (35%) were positive for myositis-specific autcantibodies (MSA),
including 37 (31%) for anti-aminoacyl{RNA synthetase (ARS) autoantibodies. Allele carrier
frequency of HLA-DRB1*(0803 was increased in the patients with IIM [p = 0.02, corrected p (pc)
NS, 23% vs 14%, odds ratio (OR) = 1.9 (95% confidence interval, C1 = 1.1-3.2)), with PM [p =
0.006, pc NS, 33%, OR 3.1 (95% C! 1.3-7.1)], and with anti-ARS autoantibodies [27%, p = 0.04,
OR 2.3 (95% C1 1.0-5.1)] compared with controls. DRB1*0405 was increased in patients with anti-
ARS autoantibodies compared with controls {41% vs 25%, p = 0.04, pc NS, OR 2.1 (95% (1
1.0-4.3)). TNF promoter genotype was associated with the presence of interstitial Jung discase
(ILD). The carriage of a TNF-a haplotype formed by —1031C, -863A, and —857C was increased in
the patients with ILD versus those without ILD [33% vs 18%, p = 0.05, pc NS, OR 2.3 (95% CI
0.94-5.5)]..

Conclusion: HLA-DRB1 alleles were associated with development of IIM and MSA in a Japanese

population. (J Rheumnatol 2004;31:1768-74)

Key Indexing Terms:

IDIOPATHIC INFLAMMATORY MYOPATHY

JAPANESE
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HLA-DRB1 AUTOANTIBODIES

TUMOR NECROSIS FACTOR-a PROMOTER

We previously reported the association of HLA class I and
class II alleles with idiopathic inflammatory myopathy
(IIM) by analyzing 84 Japanese patients'. Our previous
study did not examine myositis-specific autoantibodies
[MSA; anti-aminoacyl-tRNA synthetases (ARS), anti-signal
recognition particle (SRP)] or myositis associated antoanti-
bodies (MAA; anti-RNPF, Ro, La, Ku) except for anti-Jo-1
autoantibody.

MSA appear to define clinical features, prognosis, and
response to treatment?, In Caucasian patients, IIM in the
presence of MSA is reportedly associated with HLA-
DRB1*03013. Although HLA-DRB1*0301 is common
{around 20%) in the Caucasian population, it is very rare
{0.1-0.2%) in Japanese®. There have been only a few small
studies analyzing HLA alleles of patients with IIM among
Japanese'>S. There have been no reports of an association of
HLA alleles with MSA in Japanese.

In our previous study, HLA-DRB1*08 alleles were
significantly increased in the Japanese patients with 1IM
compared with controls'. However, the actual mechanism
by which HLA regulates susceptibility to myositis remains
to be defined. Tumor necrosis factor-a (TNF-a), encoded
within the MHC, is a potent proinflammatory cytokine with

1768

The Journal of Rheumatology 2004; 319

— 396 —



a wide range of activities. It plays a critical role in the patho-
genesis of inflammatory or autoimmune diseases’. A recent
report showed blockade of TNF may be beneficial for
dermatomyositis {DM) and polymyositis (PM)%.

Among the single nucleotide polymorphisms (SNP) of
the 5°-flanking region of the TNF gene, the —308A allele has
been shown to be associated with high promoter activity® as
well as susceptibility/severity to juvenile'® and adult! IIM.
However, the frequency of —308A allele is very low in the
Japanese population (less than 3%)'2.

New SNP, which may affect transcriptional activity, were
recently reported at position —1031(T/C), —863(C/A), and
—857(C/A) in the 5’-flanking region of TNF, and each
substitution was found in a substantial proportion of the
Japanese population'?, Four major haplotypes were identi-
fied, namely, TCC, TCT, CAC, and CCC, which we tenta-
tively designated TNF-U01, U02, U03, and U04,
respectively'®. The associations of TNF-U03 with Crohn’s
disease! and TNF-UQ1 with asthma'® have been reported in
the Japanese.

In the present study, we aimed to confirm our previous
findings of an association of HLA-DRB1*08 alleles with
Japanese IIM patients by analyzing a larger number of
patients, and to examine whether the polymorphisms of
HLA-DRBI1 and TNF promoter contribute to susceptibility
and autoantibody production among Japanese with IIM.

MATERIALS AND METHODS

Patients. One hundred twenty Japanese patients with IIM seen from
September 1994 10 December 2001 were studied: 86 at Institute of
Rhematology; 7 at Department of Neurology, Tokyo Women's Medical
University (Tokyo); 19 at Kitasato University School of Medicine
(Sagamihara, Kanagawa); 6 at Taga General Hospital (Hitachi, Tbaraki);
and 2 at Tokyo Metropolitan Otsuka Hospital (Tokyo). The mean # stan-
dard deviation {SD) age was 47.9 & 14.8 years. Thirty of the patients were
men and 90 were women. Among these patients, 72 and 30 were classified
as having dermatomyositis (DM) and polymyositis (PM), respectively,
using criteria proposed by Bohan and Peter'®’. Among them, 52, 36, and
14 patients were diagnosed as definite, probable, and pessible DM/PM,
respectively, The mean + SD age of DM and PM patients was 47.1 + 14.4
years and 51.8 + 13.7 years, respectively. Among 72 DM and 30 PM
patients, 19 and 9 were men, respeetively. Heliotrope and Gottron rash
were used 10 classify the patients as DM. Three patients with DM also had
malignancy at the time of diagnosis (uterine carcinoma, malignant
lymphoma, and lung cancer). . )

Eighteen patients had myositis overlapping with other collagen
vascular diseases. They fulfilled both sets of Bohan and Peter criteria for
myositis'®", as well as criteria for primary collagen diseases. Among them,
6, 8, and 4 patients were diagnosed as definite, probable, and possible
DM/PM, respectively. Twelve of the patients met the American College of
Rheumatology (ACR) preliminary classification criteria for systemic scle-
rosis’®, 4 met the ACR criteria for systemic lupus erythematosus {SLE)'®,
and 2 met the ACR criteria for rheumatoid arthritis®. The mean 1 SD age
of overlap disease patients was 44.4 + 17.1 years. Among 18 overlap
disease patients, 2 were men and 16 were women.

Among the patients, 64 (56%) were diagnosed as having interstitial
lung disease (ILD). ILD was defined by the presence of pulmonary fibrosis
seen by chest radiography andfor computed tomography. Information
regarding ILD was not available for 5 patients including one patient with
anti-ARS autoantibody.

Afier patients gave informed consent, blood samples were obtained.

Controls. The control group consisted of 265 healthy Jaboratory personnel
and students, 148 of the controls were men, 116 were women, and one was
vnknown. All controls were unrelated Japanese living in the Tokyo area,
HLA-DRBI1 and TNF promoter genotypes of the control group have been
reponted®!, The central part of Japan has been shown 1o be relatively homo-
geneous with respect to genelic background®?, permitting the case-control
approach to be employed in this study.

Awantibody studies. We analyzed the plasma samples obtained from
September 1994 to December 2001, which had been stored at ~20°C until
analysis. Autoantibodies were identified by RNA immunoprecipitation
technique using Hel.a cell extract as an antigen source®. '
Genomic DNA. Genomic DNA from patients and healthy individuals was
purified from peripheral blood leukocytes using a standard phenol-chloro-
form extraction procedure or the QlAamp blood kit (Qiagen, Hilden,
Germany).

HLA ryping. The HLA-DRB1 genotype was determined using a polymerase
chain reaction {PCR) restriction fragment length polymorphism method®,

TNF promoter genotyping. TNF promoter allele formed by SNP at -1031,
—863, and ~B57 was determined using the sequence-specific oligonu-
cleotide probing followed by melting-curve analysis in a real-time PCR
machine (LightCyclerTM, Roche Diagnostics, Mannheim, Germany)
based on fluorescence resonance energy transfer technology. The detailed
genotyping method is described in a previous report?s.

Statistical analysis. For the comparison of genotypes, allele carrier
frequencies (homozygotes and heterozygotes combined) were compared.
Statistical significance of the differences between groups was determined
by chi-square analysis or Fisher's exact probability test. Corrected p (pc)
values were obtained by multiplying the observed p values by the number
of alleles examined; namely, 23 for HLA-DRBI, 12 for HLA-DR (sero-
logic specificity), and 4 for TNF. The odds ratio (OR) with 95% confidence
interval (95% CI) was calculated. To determine the sex differences in
genetics, each allele carrier frequency was compared among patients and
conirols in each sex.

RESULTS

Autoantibody frequencies in different myositis syndromes.
Frequencies of MSA and MAA in different forms of
myositis are shown in Table 1. Among 120 patients with
IIM, 42 (35%) were positive for MSA, including 37 (31%)
for anti-ARS and 5 (4%) for anti-SRP autoantibody. Of the
anti-ARS autoantibodies, anti-Jo-1 autoantibody was the
most common (15%), and anti-EJ (9%) autoantibody was
the second. Anti-SRP autoantibody was found exclusively in
patients with PM.

MSA occurred more commonly in patients with PM
{63%) than in those with DM [26%, p = 0.0004, OR 4.8
(95% CI 1.9-12.0)] or in patients with overlap disease
[22%, p = 0.006, OR 6.0 (95% CI 1.6-23.0)]. Anti-ARS
autoantibodies were more common in PM (47%) versus DM
[26%, p = 0.046, OR 2.4 (95% CI 1.0-5.9)]. Anti-Jo-1 was
present in 27% of patients with PM versus 11% with DM
[p = 0.049, OR 2.9 (95% CI 0.98-8.7)]. Six DM patients, 4
PM, and one with overlap disease were positive for anti-EJ
autoantibody.

Among 36 patients with anti-ARS autoantibodies, 28
(78%) had complicating ILD, while 36 (46%) of the
remaining 79 antibody-negative patients had this pulmonary
complication {p = 0.001, OR 4.2 (95% CI 1.7-10.3)].

Furuya, et al: HLA in Japanese with myositis

1769

— 397 —



Table 1. Autoantibody frequencies in Japanese patients with IIM. Values are the number (%) of patients with

autoantibodies.

Autoantibody AllTIIM, DM, PM, Overlap,
n=120 n=72 n=130 n=18§
Mpyositis-specific
Anti-aminoacyl-tRNA synthetases 37 (31) 19 (26) 14 (47)* 4(22)
Anti-Jo-1 18(15) 8 (11) 8 (27)** 2(11)
Anti-EJ 11 (9) 6(8) 4(13) 1(6)
Anti-PL-7 4(3) 2(3) 2(M 0
Anti-PL-12 3(3) I 0 0
Anti-OJ 1¢1) 0 0 1(6)
Anti-SRP 5 (4) 0 5017 0
Any of above 42 (35) 19 (26) 19 (63)! 4(22)
Myositis-associated
ANti-tRNA ‘ 1) 0 0 1(6)
Ro (SSA) 21 (18) 1115 8027 2(11)
UI-RNP 11 (9) 1(1) 1(3) 9 (50)"
U2-RNP X4 0 0 1{6)
La ($5B) i) 1(1) ¢ 0
Ku 1) 0 0 1(6)

IIM: idiopathic inflammatory myopathy; DM: dermatomyositis; PM: polymyositis; Overlap: overlap disease
patients. * p = 0.046, OR 2.4 (95% CI 1.0-5.9) vs DM; ** p = 0.049, OR 2.9 (95% C1 0.98-8.7) vs DM; ' p =
0.0004, OR 4.8 (95% CI 1.9-12.0) vs DM, p = 0.006, OR 6.0 {95% CI 1.6-23.0) vs Overlap; ' p=4 x 10%, OR
71 (95% CI 8.0-627.6) vs DM, p = 0.0001, OR 29 (95% CI 3.2-261.0) vs PM.

Ameng myositis-associated autoantibodies, anti-Ro
(SSA) was most commonly found in myositis patients
(18%), while its frequency did not differ significantly
among the 3 groups. In contrast, anti-U1 RNP autoantibody
frequency was significantly increased in overlap disease
patients (50%) compared with DM [p = 4.4 x 10, OR 71
(95% CI 8.0-627.6)] or PM [p = 0.0001, OR 29 (95% CI
3.2-261.0)). All patients with anti-Ul RNP autoantibody
were women.

HLA-DRBI alleles in patients with myositis. Among all ITM
patients, allele carrier frequency of HLA-DRB1*0803 was
significantly increased [p = 0.02, pc NS, OR 1.9 (95% CI
1.1-3.2)] as compared with controls (Table 2). When
DRB1*0802 and 0303 were combined, the association with
all IIM remained significant {p = 0.02, pc NS, OR 1.8 (95%
CI 1.1-3.0)}. DRB1*1302 was significantly decreased in all
IIM patients [p = 0.01, pc NS, OR 0.4 (95% CI 0.21-0.85)]
compared with control patients (Table 2).

Carrier frequency of DRB1*0101 was significantly

increased in patients with overlap disease [p = 0.002, pc NS,
OR 4.6 (95% CI 1.6-13.3)] compared with control patients
(Table 2). Although DRB1*0803 appeared increased in both
DM and PM groups compared with controls (Table 2), the
difference was significant only in the PM group [p = 0.006,
pc NS, OR 3.1 (95% CI 1.3-7.1)]. When DRB1*0802 and
*0803 alleles were combined, & significant increase was
observed in PM compared with controls [p = 0.02, pc NS,
OR 25 (95% CI 1.2-5.6)]. The associations of HLA-
DRB1*08 or *0803 with IIM or PM, which we previously

reported!, were confirmed in this study with a larger number
of patients,

Carrier frequency of the HLA-DRB1 first hypervariable
region sequence (SEYSTS13), shared by DR3, DRS, DRS,
and DRS alleles, reported as candidate epitope for IIM?,
was not different between all IIM patients and controls.

HLA-DRBI alleles in autoantibody subsets of myositis.
Carrier frequency of DRB1*0405 was increased in patients
with anti-ARS autoantibodies compared with controls [p =
0.04, pc NS, OR 2.1 (95% CI 1.04.3)] (Table 2). HLA-
DRB1*0802 Tp = 0.047, pc NS, OR 2.6 (95% CI 0.98-7.2)]
and *0803 [p = 0.04, pc NS, OR 2.3 (95% CI 1.0-5.1)] were
increased in the patients with anti-ARS autoantibody
compared with controls (Table 2). The frequency of HLA-
DRBI1*1502 was significantly decreased in patients with
anti-ARS autoantibody compared with controls {p = 0.03, pc
NS, OR 0.22 (95% CI 0.05-0.96)] and MSA negative patients
[p = 0.007, pc NS, OR 0.16 (95% CI 0.034-0.70)] (Table 2).
The frequency of 9EYSTS13 carriers was not significantly
different among MSA negative patients, the patients with
anti-ARS autoantibodies, and controls (Table 2).

TNF promoter haplotypes in myositis patients and autoanti-
body subsets of myositis. Four TNF haplotypes (U01, UQ2,
U03, and UQ4) were present (Table 3). No significant differ-
ences in TNF haplotype distribution were observed between
ITM patients and controls, or among patients with PM, DM,
or overlap disease.

HLA-DRBI and TNF promoter genotypes with and without
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“Table 2. Carrier frequencies of HLA-DRBI alleles in Japanese IIM patients and controls. Values are the number
(%) of subjects carrying each HLA-DRB! allele (homozygotes and heterozygotes combined).

Clinical Subsets

Antibody Subsets

HLA-DRBI AIIIM, DM, PM,  Overlap, MSA{), ARS(+), Controls,
n=120 n=72 n=30 n=18 n=78 n=37 n=265
*0101 C21(18) 12(17) 3(10) 633 15(19) 6(16) 26 (10)
#0401 1 1(1) 0 0 (n 0 6(2)
*0403 6 (5) 3(4) 2 (7 1 (6} 3{4) 3(8) 1345
*0405 R 24033 6020 5(28) 19 (24) 15 @n* 65 (25)
*0406 7 (6) 5T 1(3) 1(6) 5(6) 2(5) 19 (7)
*0407 0 0 0 0 0 0 6(2)
*(410 4(3 2(3) 20 0 3{4) 1(3) 5(2)
*0R02 119 81D 2(T 1(6) 5(6) 6 (16 18 (7)
*0R03 28 (233 14(19) 1039t 422 16 (21} 10027%  37(14)
" #0601 29024y 1521 620 8 (44) 19 (24) 1027 77 (29}
*1101 1(1) 0 1(3) 0 0 13) 5¢2)
*1201 5(4) 5(7) 0 0 2(3) 3(8) 19 (7
*1202 5(4) 3(4) 2(N 0 3(4) 2(5) 11 (4)
*1302 1193 80D 3(10) 0 8 (10) 2(5) 51(19)
*1401 8¢ T(10) 1(3) 0 7 (9} 1(3) 13 (5)
*1403 5{4) 4(6) 1(3) 0 4 (5) 1(3) 10(4)
*1405 4(3) 2(D) 1(3) 0 2(3) 1(3) 17 (6)
*1406 2(2) 2(3) 0 o 2(3) 0 7(3)
*1501 18(15)  8(1) 6 (20 4(22) 12 (15) 4(11) 29 (11)
*1502 26(22) 17249 507D 4(22) 21027 205" 54 (20)
*1602 4(3) 1(1) 2(7 1 (6} 3(4) 1(3) 83
Others 2(2) 0 0 0 2(3) 0 13 (5)
9EYSTS13 T0(58) 46(64) 20(67Y 528 43 (55) 24 (65) 161 (61)

MSA: myositis-specific autoantibody; ARS: anti-aminoacyl-IRNA synthetase autoantibody. * p = 0.02, p, NS,
OR 1.9 (95% CI 1.1-3.2) vs controls; ** p = 0.01, p_ NS, OR 0.4 (5% CI 0.21-0.85); *** p = 0.002, p_ NS, OR
4.6 (95% CI 1.6-13.3) vs contrels; * p = 0.006, p_ NS, OR 3.1 (95% CI 1.3-7.1} vs controls; ™t p = 0.006, OR
0.25 (95% CI 0.086-0.72) vs controls; p = 0.0006, OR 0.22 (95% CI 0.07-0.68) vs DM; p = 0.009, OR 0.1%
(95% C1 0.053-0.69) vs PM; * p = 0.04, p, NS, OR 2.1 (95% CI 1.0-4.3) vs controls; ¢ p = 0.047, p, NS, OR 2.6
(95% C1 0.98-7.2) vs contrels; ¥ p = 0.04, p, NS, OR 2.3 (95% CI 1.0-5.1) vs controls; ® p = 0.03, p, NS, OR
0.22 (95% C1 0.05-0.96) vs controls; p = 0.007, p_ NS, OR 0.16 (95% CI 0.034-0.70) vs MSA negative patients.

Table 3. Carrier frequency of TNF promoter genotypes in Japanese patients with IIM and controls, Values are

number (%) of patients carrying each TNF allele.

Clinical Subsets Antibody Subsets
TNF All TIM, DM, PM, Overlap, MSA (-), ARS(+), Controls,
n=120 n=72 n=30 n=18 n=77 n=37 n =265
uol1 103 (86) 60(83) 26{(87y 17(94) 68 (88) 29(78) 232 (88)
uo2 40 (33) 26 (36) 9 (30) 5(28) 2230y 1438 83 (31)
uo3 30(25) 20(28) 6 (20 4(22) 19(25) 11 (30) 69 (26)
U4 7(6) 3(4) 2N 2(11) EXC)] 2(9 14 (5)

MSA: myositis-specific autoantibody; ARS: anti-aminoacyl-tRNA synthetase autoantibody.

ILD. No significant association was observed between
HLA-DRBI and the presence or absence of ILD (Table 4).
When the TNF promoter was examined, carrier frequency of
TNF-U03 was found to be increased in patients with ILD as
compared with those without ILD [33% vs 18%, p = 0.05,
pc NS, OR 2.3 (95% CI 0.94-5.5)].

Analysis of sex effect. The sex distributions were not signif-
icantly different among DM, PM, and overlap disease

patients. To examine the sex-specific effects, the frequencies
of HLA-DRB1 and TNF alleles were compared between
patients and controls in each sex separately (Table 5). When
the HLA-DRB1 carrier frequencies were compared,
DRB1*0101 was increased in female patients with IIM
compared with female controls [p = 0.05, pc NS, OR 2.1
(95% C1 0.99-4.4)]. DRB1*0405 was increased in male IIM
patients [p = 0.02, pc NS, OR 2.6 (95% CI 1.1-5.8)] and
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Table 4. Carrier frequencies of HLA-DRBI and TNF promoter genotypes
in Japanese IIM patients with and without interstitial lung disease (ILD).
Values are the number (%) of patients.

Genotype ILD (+), ILD (-), P OR (95% CI)
n =64 n=3]
HLA-DRBI*0405 20 (31) 11 (22) NS —
HLA-DRBI*0803 14 (22) 13 (23) NS —
TNF-U01 55 (86) 44 (86) NS —_
TNE-U02 1930y 17(33) NS —_
TNF.U03 21 (33) 9 {18} 0.05 2.3(0.94-5.5}
TNF-Uo4 2(3) 4(8) NS —

NS: not significant.

male ITM patients without MSA [p = 0.05, pc NS, OR 2.5
(95% CI 0.98-6.5)] compared with male controls.
DRB1*0803 was increased in both male and female IIM
patients compared with individual control subjects. The
carrier frequency was significantly increased in male
patients with IIM without MSA [p = 0.045, pc NS, OR 2.7
(95% CI 0.99-7.5)] and female ITM patients with anti-ARS
autoantibody [p = 0.04, pc NS, OR 2.8 (95% CI 1.0-7.5)]
compared with individual controls. The distributions of TNF
haplotypes were not significantly different between patients
and controls even when male and female patients were
analyzed separately (data not shown).

DISCUSSION

The number of patients analyzed in our study is the largest
among the Japanese IIM studies examining autoantibodies
and HLA-DRB1. The distribution of autoantibody subsets in
our series was similar to that in a previous Japanese study
examining 91 IIM patients?’. Anti-EJ was the second most
common MSA and seemed to be more commoen in our series
than in those reported in Caucasians’, Anti-EJ was associ-
ated with PM as well as DM in our series, whereas others
found that this autoantibody was associated with DM%:29,
Ohsone, et al also reported that 4 out of 13 Japanese patients
with anti-ARS autoantibodies had anti-EJ, and anti-EJ was
the second most common anti-ARS autoantibody. We did
not examine anli-Mi-2 autoantibody in this study because

this autoantibody has been reported to be very rare (0%) in
Japanese IIM patients®,

in this study, our previous findings of an association of
HLA-DRB1*#08 and *0803 with Japanesz IIM (n = 84)!
were confirmed by analyzing a larger number of patients
(n = 120). We also found significant associations of HLA-
DRB1*08 and *0803 with anti-ARS autoantibodies. Since
the most common MSA are directed against ARS, these 2
results are consistent. The genetic risk factors for IIM
and MSA appear to be different between Japanese
(DR8,DRB1*0803) and Caucasians (DR3,DRB1*0301)3,

DR8 alleles are reportedly increased in African-
American IIM patients®, Hispanic SLE patients®, and
Korean autoimmune thyroiditis patients®’. Both SLE3® and
autoimmune thyroiditis®? have been reported to be associ-
ated with DR3 in Caucasians, Thus, DRS alleles might be
related to the susceptibility to IIM, SLE, and autoimmune
thyroiditis in the ethnic groups in which DR3 alleles are
rare. It was suggested that DR8 gene was generated by a
gene contraction event in a primordial DR52 haplotype
(DR3, DR11, to DR14)%. DR3 and DRS nucleotide
sequences have been reported to be similar at introns 4 and
5% ag well as the 5’ end*. These shared sequences between
DR3 and DRE may be related to the pathogenesis of ITM.

Amett, et aP reported that DR2 alleles (DRB1*13
alleles) were decreased in Caucasian and African-American
patients with PM. Also, we found that DPRB1*1502 was
significantly decreased in Japanese patients with anti-ARS
autoantibodies compared with controls. Thus, Japanese
patients with IIM may share some common features of
DRBI1 alleles with other ethnic groups.

‘We found an association between DRB1*0405 and anti-
ARS autoantibodies in Japanese IIM patients. And the
frequency of HLA-DRB1*0405 seemed to be increased in
DM patients compared with controls; however, the differ-
ence was not statistically significant. Horiki, et al reported a
significant association between Japanese PM patients with
ILD and DRB1*0405% however, our current study was not
able to confirm this. HLA-DRB1*0405 was associated with
anti-ARS autoantibodies in our present study. Since 28
(78%) patients with anti-ARS autoantibodies had compli-
cating ILD, it may be possible that the association reported

Table 5. Carrier frequencies of HLA-DRBJ alleles in Japanese [IM patients and controls by sex. Values are the number (%) of patients.

Male Female
HLA-DRBI ANTIM, MSA{-), ARS{(+), Controls, AllITIM, MSA (-), ARS (+), Controls,
n=30 n=2] n=28 n=148 n=90 n=>57 n=29 n=116
*0101 1(3) 0 1(13) 12 (8) 20 (33)* 15 (26) 57 14 (12)
*0405 13 (43 9 (43)*+* 4 (50) 34 (23} 22 (24) 9 (16) 1138 3127
*0803 9 (30} 7 (33 2295 23 (16) 19 (21) 9(16) 828" 14(12)

MSA: myositis-specific autoantibody; ARS: anti-aminoacyl-(RNA synthetase autoantibody. * p = 0.05, p_ NS, OR 2.1 (95% C10.99-4.4), ** p=1002,p_NS,
OR 2.6 (95% C11.1-5.8); *** p = 0.05, p, NS, OR 2.5 (95% C10.98-6.5), 1 p = 0.045, p, NS, OR 2.7 (95% CI 0.99-7.5); ' p = 0.04, p, NS, OR 2.8 (95%

Cl1.0-7.5).
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by Horiki, er al was primarily due to the association with
anti-ARS autoantibodies. In Japanese, DRB1%0405 allele is
associated with rheumatoid arthritis®®, Crohn’s disease!4,
arthritis, and rheumatoid factor in systemic sclerosis®.
These results suggest a similar genetic background among
these autoimmune diseases in Japanese.

Since the HLA-DQA1*0501 or *0401 allele was
reported to be commonly increased in Caucasian and
African-American patients with IIM, while different DRB1
alleles were associated with the disease in each ethnic popu-
lation, Amett, e af suggested that susceptibility to IIM may
be localized in the DQA1 locus®. However, we! and others™®
did not observe that the susceptibility to IIM was primarily
associated with the DQA1 locus in the Japanese. We also
examined distribution of MSA in 83 IIM patients for whom
DQAI alleles were analyzed in our previous study and
found no significant association of MSA with DQAL alleles
{data not shown).

We found an association of TNF-U03 with ILD in this
study. Previous studies concerning the promoter activity of
TNE-U03 are conflicting, i.e., increased'?, unchanged?®, or
decreased®®. TNF is considered to have a disease-promoting
effect for ILD*4? and some reports suggest that blockade of
TNF may be beneficial for ILD*1. TNF-U03 was recently
reported to show a higher binding to the transcriptional
factor OCT-1, compared with the common TNF-UO0I
allele®2.

Qur results suggest that the association of HLA-
DRB1*0101 and HLA-DRB1*0405 with IIM may be influ-
enced by sex. Although previous IIM smdies have not
showed any sex differences in genetics, we*? and others™43
have reported significant sex influences on modifier loci in
other autoimmune diseases. Our data suggest that the asso-
ciation of some loci with IIM may be influenced by sex.

We confirmed in this study our previous findings of
immunogenetic features of Japanese patients with IIM.
Further studies of non-HLA as well as HLA genes are
needed for determining’ the genetic contribution of the
susceptibility and the pathogenesis of IIM.
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Ameliorative Effects of Follistatin-Related
Protein/TSC-36/FSTL1 on Joint Inflammation
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Objective. To clarify the in vivo function of
follistatin-related protein (FRP)/TSC-36/FSTL1 in
rheumatoid arthritis (RA), we investigated the roles of
FRP in a mouse model of arthritis.

Methods. Arthritis was induced in BALB/c mice
by injecting anti-type II collagen monoclenal antibody
and lipopelysaccharide. Mice were treated with daily
intraperitoneal injections of 20 pg of recombinant FRP.
Development of arthritis was assessed by the clinical
score and footpad swelling. Histologic examination of
affected paws was performed on day 21 after the onset of
arthritis. The gene expression profiles of affected paws
in FRP-treated and untreated mice were compared
using commercially available complementary DNA
(cDNA) arrays. The difference in gene expression was
confirmed by real-time quantitative reverse
transcription—polymerase chain reaction.

Results. Treatment with recombinant FRP
showed significant amelioration of the arthritis severity.
Histologic analyses confirmed this finding and revealed
the alleviation of cellular infiltration into the synovium
as well as cartilage damage. The significant decrease in
the amount of urinary deoxypyridinoline also indicated
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the ameliorative effect of FRP on joint destruction.
Moreover, cDNA array analysis of the gene expression
profile in FRP-treated arthritic lesions revealed a re-
duced expression of the c-fos, ets-2, IL6, MMP3, and
MMP9 genes, some of which are thought to be associ-
ated with synevial inflammation and joint destruction.

Conclusion. These findings from in vivo experi-
ments suggest that FRP could be one of the key mole-
cules in the treatment of inflammatory joint diseases
such as RA.

Rheumatoid arthritis (RA) is a chronic systemic
disease characterized by destructive polyarthritis, and its
etiology remains to be elucidated. In the pathogenesis of
RA, an antigen-driven immune response involving syno-
vial T cells and B cells is thought to play a central role in
persistent joint inflammation (1}. Therefore, several self
antigens, such as type II collagen (CII), heat-shock
protein 60, calpastatin, human cartilage glycoprotein 39,
and glucose-6-phosphate isomerase, have been reported
to be candidate target antigens of pathogenic autoanti-

* bodies in RA (2-6).
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In an effort to find such antigens, we have cloned
novel target proteins of autoantibodies from RA syno-
vium with the use of RA synovial fluid IgG probes by an’
expression cloning method; one of these clones was
follistatin-related protein (FRP) (7). FRP was originally
isolated as the product of TSC-36, one of the genes
found to be up-regulated by transforming growth factor
Bl (TGFpB1) in the mouse osteoblastic cell line
MC3T3-El1 (8). Rat and human homologs have been
cloned from glioma cell lines (9).

FRP is a secreted glycoprotein, and it is ex-
pressed in all organs, except for peripheral bloed leuko-
cytes (7). FRP shares a characteristic structural module
(the FS domain) with follistatin, an inhibitor of activin
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EFFECTS OF FRP ON JOINT INFLAMMATION IN MICE

Follistatin Nz (317, 344)
FRP/TSC-36/FSTL1 NHz FSJ ] (308)
FLRG/FSTL3 NH, I X FSTUFS T 289)

SPARC nHy I CFS) ] (a03)

Figure 1. Schematic representation of follistatin and related FS
domain-bearing proteins. Follistatin and follistatin-related gene pro-
tein (FLRG)/follistatin-like 3 (FSTL3) have more than 2 FS domains
in the COOH terminus. Follistatin-related protein (FRP)/TSC-36/

FSTL1 contains a single follistatin domain in the NH, terminus. -

Numbers in parentheses represent amino acid residues in the human
proteins. Signal peptides are shown in the solid portions of the bars.

(10) (Figure 1). In addition to follistatin and FRP, other
FS domain-bearing proteins, such as secreted protein,
acidic and rich in cysteine (SPARC), SCl/hevin, testican,
QR1, and follistatin-related gene protein (FLRG), have
been cloned, and together, they compose the follistatin
family (11). FLRG is a translated product of follistatin-
related gene (FLRG), which was isolated from a B cell
leukemia cell line (12). FRP and FLRG are different
proteins (12,13) and are listed in the OMIM database
under the names follistatin-like 1 (FSTL1) and
follistatin-like 3 (FSTL3), respectively (13,14). Follista-
tin and FLRG have activin-binding activity and inhibit
activin-mediated gene transcription (15). Other follista-
tin family proteins, including FRP, have not been dem-
onstrated to bind activin or related TGFB family pro-
teins. SPARC, the best-studied of the group, is known to
regulate cell-matrix interactions and thereby regulate
tissue remodeling and homeostasis (11). FRP has been
reported to play some roles in cell-cycle inhibition and to
have negative regulatory effects on growth in human
lung cancer cells (8,16). However, the exact physiologic
function of FRP remains to be clarified.

We previously reported that serum autoantibod-
ies to FRP were detected in 30% of patients with RA,
and their appearance correlated with disease activity (7).
Recently, our in vitro experiments demonstrated that
FRP suppressed the production of matrix metallopro-
teinase 1 (MMP-1), MMP-3, and prostaglandin E, in
synovial cells derived from patients with RA, and sug-
gested that FRP could act as a joint defensive factor in
RA (17). :

To examine the in vivo effect of FRP on arthro-
pathy in inflammatory joint diseases such as RA, recom-
binant FRP was administered in a mouse model of
arthritis. In this experiment, we induced arthritis in mice
with the use of anti-CII monoclonal antibodies and
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lipopolysaccharide (LPS) in order to achieve high repro-
ducibility (18). We then examined the macroscopic and
microscopic effects of FRP on arthritis. To obtaim insight
into the FRP signaling pathway, we analyzed the gene
expression profiles of affected joint tissues using com-
plementary DNA (cDNA) arrays.

MATERIALS AND METHODS

Recombinant human FRP. Escherichia coli—expressed
glutathione S-transferase (GST)-FRP was prepared as previ-
ously described (7). The GST tag was removed from GST-FRP
using a GSTrap FF column (Amersham Pharmacia Biotech,
Uppsala, Sweden), and the protein was purified by an anion-
exchange chromatography method with 2 Mono Q HR column
{Amersham Pharmacia Biotech). Finally, the protein was
filtered with a Zetapore Dispo filter (CUNQO, Meriden, CT) to
remove endotoxins.

Induction and evaluation of arthritis. Arthritis was
induced in 7-8-week-old female BALB/c mice (Japan SLC,
Hamamatsu, Japan) by intraperitoneal injection with 500 ul of
phosphate buffered saline (PBS) containing 4 monoclonal
antibodies to CII (500 g of D1, D8, A2, and F10, respectively;
Chondrex, Redmond, WA). After 72 hours, the mice were
injected intraperitoneally with 100 ul of PBS containing 50 ug
of LPS (Sigma, St. Louis, MO). The mice were maintained
under specific pathogen-free conditions,

The severity of arthritis in each paw was estimated in a
blinded manner, Paws were assessed by both visual inspection
and measurement of limb swelling with calipers. Each paw was
scored on a scale of 0-3, as previously described (19), where
0 = no swelling, 1 = swelling of finger joints or mild swelling
of the ankle or wrist joint, 2 = severe inflammation of the
entire paw, and 3 = deformity or ankylosis. The severity of
arthritis in each mouse was the sum of the scores in the 4 paws
(maximum possible score 12). Institutional approval of the
bioethics of the study was obtained prior to these experiments
(approval no. 02004).

Treatment with FRP. The mice were randomly as-
signed to 1 of 2 treatment groups before the onset of arthritis:
FRP treatment or PBS treatment (control). The mice in the
FRP treatment group were injected intraperitoneally with 20
ug (1 mg/ke) of recombinant human FRP daily for 10 days,
starting 1 hour before injection of the monoclonal antibody.
The mice in the PBS treatment group were injected intraperi-
toneally with 250 ul of PBS daily for 10 days.

Histopathologic evaluation. Pairs of arthritic hind
paws from representative mice in each group (n = 6 animals,
12 paws) were removed at the end of the experiment (day 21),
fixed in 10% buffered formalin, decalcified in 10% formic acid,
and then embedded in paraffin. Serial sagittal sections of
whole hind paws were subjected to hematoxylin and eosin
staining for histologic analyses and to Safranin O and fast
green/firon hematoxylin staining for estimation of the loss of
cartilaginous proteoglycan. Synovial lesions were scored on a
scale of 0-3, where 0 = normal synovium, 1 = mild synovial
hyperplasia and/or mild synovial infiltration, 2 = moderate
synovial hyperplasia and/or moderate synovial infiltration, and
3 = severe synovial hyperplasia and/or severe synovial infiltra-
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Figure 2. Changes in expression levels of transforming growth factor
B1 (TGFBL1) and follistatin-related protein (FRP) mRNA during the
development of arthritis. Levels of TGFB1 and FRP mRNA expres-
sion (in arbitrary units [AU]) were quantified by real-time reverse
transcription-polymerase chain reaction. Anti-CIL = anti-type II
collagen; mAb = monoclonal antibody.

tion. Cartilage depletion was identified by the presence of
diminished Safranin O staining of the matrix and was scored on
a scale of 0-3, where 0 = no cartilage destruction (full staining
with Safranin ©), 1 = localized cartilage erosions, 2 = more
extended cartilage erosions, and 3 = severe cartilage erosions
(depletion of entire cartilage). Histologic analyses were per-
formed in a blinded manner. )
Quantitative reverse transcription-polymerase chain
reaction (RT-PCR) for TGFS1 and FRP messenger RNA
(mRNA) expression. Groups of mice were killed on days 0, 3,
4.5.6,7,9, 14, and 21, and total RNA was obtained from 6
a;thritic hind paws in each group by mixing wiFh TRIzol
reagent (Gibco BRL, Gaithersburg, MD) according to the
manufacturer’s instructions. Five micrograms of total RNA
was subjected to RT using the SuperScript First Strand Syn-
thesis system (Invitrogen, Carlsbad, CA). Each reaction was
run in duplicate using SYBR Green PCR Master Mix (PE
Applied Biosystems, Foster City, CA) accorgimg to the manu-
facturer’s protocol. The primer pairs used in these reactions
were as follows: for TGFB1, 5-AGA-TCT -CCC-TCG-GAC-
CTG-CT-3' and 3'-GGG-TCT-CCC-AAG-GAA-AGG-TA-
3'; for FRP, 5-GGA-AGA-GAG-CGT-GAA-GGA-CA-3
and 3-CGG-AGG-CTC-AAA-GAA-AGG-AT-3'; and for
GAPDH, 5'-CGC-TGA-GTA-CGT-CGT-GGA-GT-3" and
5"-GGT-GCT-AAG-CAG-TTG-GTG-GT-3'. Amplification
reactions, data acquisition, and analysis were performed with

the ABI Prism 7900 HT instrument (PE Applied Biosystems),
and relative levels of gene expression were normalized based
on those of the GAPDH gene.

Urinary deoxypyridinoline levels. Mouse urine was
collected on day 9, and urinary levels of deoxypyridinoline
were measured with an Osteolinks DPD enzyme-linked immu-
nosorbent assay kit (Metra Biosysterns, Mountain View, CA).

Complementary DNA array analysis. Arthritic mice
treated with FRP (20 pg/day) and untreated mice were killed
on day 10, and total RNA was prepared from 3 hind paws by
mixture in each group as described above. Moreover, mRNA
was purified from the total RNA with a MagExtractor mRNA
kit (Toyobo, Osaka, Japan). The Gene Navigator cDNA Array
system (Toyobo) was used in this analysis. The ¢cDNA array
consisted of 561 species of immunologically related mouse
c¢DNA fragments (20). (The Microsoft Excel file can be
downloaded from http://www.toyobo.co.jp/seihin/ar/product/
mouse%20immunology.xls) The biotin-labeled probes were
prepared from the sample mRNA with biotin-16-dUTP with
the Gene Navigator cDNA Amplification system {Toycbo).
Signals produced by the hybridized probe-avidin-biotinylated
alkaline phosphatase complex and substrate (Vistra ECF sub-
strate; Amersham Pharmacia Biotech) were detected with the
Imaging High Chemifluorescence detection kit (Toyobo). The
chemifluorescence image of the cDNA array filter was ana-
lyzed using ImaGene software version 4.2 (Takara Bio, Otsu,
Japan). The net signal intensity of genes was calculated from
the measured raw signal intensity minus that of the back-
ground. Expression of individual genes was evaluated by their
net signal intensity ratio compared with the standard house-
keeping gene. :

Confirmation of differentially expressed genes by
quantitative RT-PCR. Expression levels of mRNA were esti-
mated by real-time quantitative PCR using SYBR Green I. We
obtained cDNA from the hind paws of FRP-treated (n = 3)
and PBS-treated (n = 3) mice killed on day 10 as described
above. Each reaction was run in triplicate using SYBR Green
PCR Master Mix according to the manufacturer’s protocol.
The primer pairs used in these reactions were as follows: for
¢-Fos, 3'-CTA-TGC-AGC-AGA-CTG-GGA-GC-3’ and 5'-
ACA-GCC-TGG-TGT-GTT-TCA-CG-3'; for Ets-2, 5'-CTT-
CCA-AAA-GGA-GCA-ACG-AC-3' and 5'-GTC-CTG-GCT-
GAT-GGA-ACA-GT-3'; for interleukin-6 (IL-6), 3'-CAG-
AGG-ATA-CCA-CTC-CCA-ACA-3' and 3'-CCA-GTT-
TGG-TAG-CAT-CCA-TC-3"; for MMP-3, 5'-CGA-TGG-
ACA-GAG-GAT-GTC-AC-3" and 5'-CCC-TCG-TAT-AGC-
CCA-GAA-CT-3'; for MMP-9, 3-ACT-TTC-CCT-TCA-
CCT-TCG-AG-3' and 5'-GAA-CAG-GCT-GTA-CCC-TTG-
GT-3'; and for GAPDH, 5'-CGC-TGA-GTA-CGT-CGT-
GGA-GT-3' and 5-GGT-GCT-AAG-CAG-TTG-GTG-GT-
3. The amplification reactions, data acquisition, and analysis
were performed with the ABI Prism 7900 HT instrument, and
relative levels of gene expression were normalized against
those of the GAPDH gene.

Statistical analysis. Differences between experimental

groups were tested using the Maon-Whitney U test and
Student’s unpaired ¢-test. P values less than 0.05 were consid-

- ered significant.
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Figure 3. Amelioration of disease in arthritic mice treated with recombinant follistatin-related protein (FRP). A, Disease progress
estimated by the arthritis score and fooipad swelling (n = 6 mice per group). Anti-type 1l collagen (anti-CII} monoclonal antibodies
(mAb) were injected on day 0, and 50 ug of lipopolysaccharide was injected on day 2. Recombinant FRP (R} or phosphate buffered saline
(PBS; vehicle control) ([J) was administered daily for 10 days, beginring on day 0 {arrowheads). B, The arthritis score and footpad swelling
in both the PBS-treated (n = 12) and the FRP-treated (n = 11} groups were evaluated at the peak of arthritis (day 9). Bars show the mean
and SEM. « = P < 0,05; *+ = P < (.01, by Mann-Whitney U test. C, Photographs showing representative paws of mice from each group

on day 9.

RESULTS

First, to assess the regulation of FRP and its
synovial inducer TGFB1 in arthritis, we examined time
course changes in their mRNA expression levels in
arthritic paws from monoclonal antibody-injected mice
(Figure 2). Depending on arthritis activity, both TGFg1
and FRP were elevated temporarily. The elevation of
TGFpB1 preceded up-regulation of FRP. Interestingly,
after TGFp1 began to decrease, FRP continued to rise
for a time. Thus, some molecule besides TGFB1 may
regulate FRP expression.

To investigate the antiarthritic properties of FRP
in vivo, we studied its effect on mouse arthritis using
anti-CII antibodies and LPS. In this mouse model,
severe arthritis occurs about 24 hours after LPS injection
and persists for more than 3 weeks (18). As shown in
Figure 3, FRP treatment demonstrated a significant
ameliorative effect on the arthritis by reducing the
clinical score and preventing the development of foot-
pad swelling. On day 9, we could not detect a significant
difference in the arthritis score in the small number of

mice shown in Figure 3A (n = 6), but a significant
difference was detected in the larger sample shown in
Figure 3B (n = 11). Macroscopically, redness and swell-
ing of the fore paws and hind paws were milder in the
FRP-treated mice than in the PBS-treated mice (Figure
3C). The 10 daily 20-ug doses of FRP produced no
significant change in body weight and no macroscopi-
cally abnormal findings in FRP-treated mice.
Tarsocrural joints from normal mice had no
synovial inflammation or cartilage erosion (Figure 4a).
Joints from PBS-treated mice with an arthritis score of 2
had severe synovial inflammation, cartilage erosion, and
bone resorption (Figure 4b), while joints from FRP-
treated mice with an arthritis score of 1 had mild
synovial inflammation and no cartilage or bone erosion
(Figure 4c). The weak staining by Safranin O in the
articular cartilage of the PBS-treated mice indicated a
loss of proteoglycans from the cartilage matrix (Figure
4e). In contrast, Safranin O staining of articular cartilage
from FRP-treated mice was equivalent to that in carti-
lage from normal mice (Figures 4f and d). Histologic
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Figure 4. Histologic analysis of tarsocrural joints from normal and arthritic BALB/c mice. All
specimens from normal, phosphate buffered saline (PBS)-treated, and follistatin-related protein
(FRP)-treated mice were collected on day 21 after monoclonal antibody injection and stained with
either hematoxylin and eosin {a, b, and ¢) or Safranin C (d, ¢, and [}, a and d, Joints from normal
mice exhibit normal histologic features, with intact arsicular cartilage and no evidence of
inflammation or erosion. b and e, Affected joints from PBS-treated mice show severe synovitis,
pannus formation (p), and cartilage/bone erosion (arrows). Abscnee of Safranin O staining
indicates depletion of proteoglycans. ¢ and f, In contrast, synovitis, cartilage/bone erasion, and loss
of Safranin O staining of the cartilage were mild in FRP-treated arthritic mice. {Original

magnification X 200.)

scores assessed on day 21 were significantly lower in the
FRP-treated mice than in the PBS-treated mice. This
confirmed the ameliorative effects of FRP on joint
inflammation and cartilage destruction (Figure 5). Thus,
FRP seemed to prevent cartilage breakdown in arthritis.

Because deoxypyridinoline is one of the common
markers of bone resorption, we measured urinary levels
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Figure 5. Comparison of histologic scores in phosphate buffered
saline (PBS)-treated and follistatin-related protein (FRP)-treated
mice vn day 21. Bars show the mean and SEM (n = 6 mice per group).
+ = P < (0.03; = = P < 001, by Mann-Whitney U test.

of deoxypyridinoline on day 9 in arthritic mice treated
with recombinant FRP or PBS. The urinary levels of
deoxypyridinoline were markedly higher in the arthritic
mice than in the normal mice. However, those in the
FRP-treated arthritic mice were significantly lower than
those in the PBS-treated mice (Figure 6}. This suggested
that FRP worked against the bone destruction in arthri-
tis.

To identify the genes that are affected by FRP
administration in this mouse model of arthritis, we
examined the gene expression profiles by cDNA array
techniques in joint tissues from normal, PBS-treated,
and FRP-treated mice (n = 3 per group). We studied the
expression of 561 genes blotted on the ¢cDNA array,
including 9 housekeeping genes and 2 negative control
genes (see Materials and Methods). As a result, we
found a change of >1.3-fold in the expression levels of
170 genes in the FRP-treated group versus the PBS-
treated group. Five of these 170 genes (c-fos, ets-2, IL6,
MMP3, and MMP9) were down-regulated in the FRP-
treated group (Figure 7A); these genes have been

— 407 —



EFFECTS OF FRP ON JOINT INFLAMMATION IN MICE

25( l
5 8 .
220t —
£ 8
S (o) 8_
Est O o
°
'é (@]
10r o
g L
| *

o 5 ™

4]

o ]
ns

Nermal PBS FRP
Arthritic

Figure 6. Urinary deoxypyridinoline levels in normal and arthritic
mice. Urinary levels of deoxypyridinoline (expressed in nmoles/mmole
of creatinine [Cr]) were significantly decreased in the follistatin-related
protein (FRP)-treated arthritic mice compared with the phosphate
buffered saline (PBS)-treated arthritic mice. Deoxypyridinoline levels
were measured by enzyme-linked immunosorbent assay in samples
collected on day 9 (n = 5 mice per group). * = P < 0.05, %+ = P < 0.01,
by Mann-Whitney U test. n.s. = not significant.
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reported to be responsible for the destructive joint
inflammation in RA (21-24).

To confirm whether the change in the expression
of the 5 genes was in fact significant, we performed a
reai-time RT-PCR analysis using the same cDNA
sources as those for the cDNA array. We found that the
expression levels of the c-fos, ers-2, IL6, MMPF3, and
MMP9 genes were significantly lower in paws from the
FRP-treated mice than in the paws from the PBS-
treated mice (Figure 7B). Therefore, FRP seemed to
exert its preventive effect on the arthritis, in part, by
down-regulating disease-promoting genes such as the 5
we identified.

DISCUSSION

In this study, we demonstrated that FRP had
therapeutic effects on murine arthritis. Because of its
rapid induction and high reproducibility, we used a
mouse model of acute, destructive arthritis (resembling
human RA) induced by anti-CII monoclonal antibodies
and LPS. The expression of endogenous FRP and its
synovial inducer TGF1 was higher in the arthritic paws
of this model than in the normal paws. In addition, the
expression of FRP was maintained at a high level even if
the arthritis had peaked. A recent study also showed that
the expression of FRP was increased at the synovium-—
bone erosion interface in early and late-phase collagen-
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Figure 7. Gene expression in joint tissues of normal, phosphate buffered saline {PBS)-treated, and follistatin-related protein (FRP)-treated mice,
as analvzed by cDNA arrays and real-time quantitative reverse transcription-polymerase chain reaction (RT-PCR). In both experiments, mRNA was
extracted from joint tissues on day 10 of the experiment {n = 3 mice per group). A, The results of cDNA arrays analysis showed that the gene
expression levels of c+fos, eis-2, IL6, MMP3, and MMP9 were lower in the joinis of FRP-treated mice than in the joints of PBS-treated mice. = =
ratio of signal intensity (in arbitrary units [AU]) in PBS-treated mice 10 that in FRP-treated mice >1.5. TNF-a = tumor necrosis factor a. B,
Real-time quantitative RT-PCR studies confirmed the significantly reduced levels of gene expression in FRP-treated mouse joints compared with
PBS-treated mouse joinis (control) for e-fos, ets-2, IL6, MMP3, and MMP9. #= = P < 0.01, by Student’s unpaired f-test.
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induced arthritis (25). Thus, we presumed that endoge-
nous FRP was induced by TGFBl mainly from the
synovium as the arthritis developed and may contribute
to the regulation of arthritis. Our previous in vitro
experiments suggested that FRP could prevent destruc-
tive arthritis (17). Therefore, we postulated that abun-
dant exogencus FRP, in addition to feedback-regulated
FRP, may improve arthritis.

FRP is a genetically highly conserved protein,
having 925 amino acid sequence identity between hu-
mans and mice (9), and our previous in vitro study
strongly suggested that recombinant human FRP may
function in other species (17). Accordingly, we used
recombinant human FRP for the present in vivo exper-
iments. Treatment of mice with recombinant FRP just
before the onset of arthritis brought about a significant
improvement in the clinical parameters of arthritis (i.e.,
arthritis score and footpad swelling), indicating that
FRP had preventive effects on joint inflammation. In
addition, the striking benefit of FRP administration was
the prevention of joint destruction. Postmortem histo-
logic examination of tarsocrural joints from the FRP-
treated mice revealed not only reduced synovial cellular
infiltration, but also retained cartilage proteoglycan.
Moreover, the reduction in urinary levels of deoxypyr-
idinoline, one of the metabolic markers of bone resorp-
tion in RA (26), confirmed that FRP _protectgd joints
against destructive arthritis by preventing cartilage de-
gradation and bone resorption. Therefore, FRP has
antidestructive as well as antiinflammatory effects, and
therapeutic potential in inflammatory joint diseases such
as RA.

FRP is considered to be an orphan molecule
because its receptor has not yet been identified, and
there has been no information about the signaling
system of FRP. Thus, to investigate the mo_lecular
mechanisms through which FRP treatment amelhorated
murine arthritis, we compared the gene expression pro-
files in FRP-treated and PBS (vehicle)-treated joints.
Among 170 genes with significant changes in expression
levels, 5 down-regulated genes, c-fos, ets-2, IL6, MMP3,
and MMP9, have been reported to be closely associated
with immune response and joint destructifm ir} inflam-
matory arthritis. Their reduced expression in _F R?-
treated mice was confirmed by a real-time quantitative
RT-PCR method.

The expression of IL6 was significantly re.du§e.d
in joints from FRP-treated mice, suggesting that inhibi-
tion of IL-6 could be one of the reasons for the
antiinflammatory effects of FRP. IL-6 is thought to be
one of the proinflammatory cytokines responsible for

disease progression in RA, together with TNFx and IL-1
(23). Thus, FRP could be expected to have beneficial
effects on joint inflammation in other animal models of
arthritis and still greater effects in human diseases such
as RA. However, a recent study indicated that in this
mouse model of arthritis induced by anti-CII monoclo-
nal antibodies and LPS, IL-6 was not as responsible for
the progression of arthritis as TNFa and IL-1 were (27).
There may be other mechanisms by which FRP amelio-
rates joint inflammation than by antagonism of IL-6.

The inhibitory effect of FRP on MMP3 and
MMP9 was notable because these MMPs are thought to
play a crucial role in the joint destruction of RA, where
they are major direct effectors that degrade the extra-
cellular matrix components of the joint structure, such as
collagen and proteoglycan (24). Serum levels of MMP-3
in particular have been reported to be correlated with
joint damage in RA (28). Synovial down-regulation of
MMP-3 by FRP was also observed in our previous in
vitro experiments {17). Gene expression of these MMPs
is strongly up-regulated by proinflammatory cytokines,
such as TNFa and IL-1, in the RA synovium (24}, and it
is considered that conditions in which the activities of
the MMPs overwhelm the activities of the tissue inhibi-
tors of metalloproteinases and MMP inhibitors, the joint
destructive process is facilitated, as in RA (29). For
these reasons, inhibition of MMPs has been considered
as a new therapeutic approach to rheumatoid joint
destruction (24). It has been reported that specific
inhibition of individual MMPs has almost no effect in
the treatment of murine arthritis, possibly due to an-
other MMP compensation (30), but broad-spectrum
MMP inhibition was shown to successfully reduce the
clinical severity and cartilage destruction in a mouse
model of RA (31,32). In our study, FRP inhibited the
expression of MMP3, MMP9, and MMPI3. The decrease
ratio was significant in MMP3 and MMP9 (>1.5), but
slight in MMPI3 (<1.5). Therefore, we hypothesized
that one of the major mechanisms by which FRP pre-
vented joint destruction was the down-regulation of
several MMPs, such as MMP-3 and MMP-9.

How does FRP regulate MMP gene transcrip-
tion? We found that 2 transcription factor genes, c-fos
and ets-2, were down-regulated in FRP-treated joints.
Their expression has been associated with a proliferative
role in many tissues {21,33). It has been reported that
c-fos and ers-2 expression was higher in rheumatoid
synovial tissue than that in normal synovial tissue, sug-

gesting that they may play an important role i the

progression of RA (22,34,35). The nuclear oncogene
¢c-fos and its product c-Fos bind to activator protein 1
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sites on matrix-degrading genes, such as MMP3 and
MMP9. The gene ets-2 is one of the Ets family of
transcription factors that binds to polyomavirus en-
hancer 3 (PEA-3) sites (36). Genes involved in the
degradation of the extracellular matrix, such as MMP3
and MMP9, contain PEA-3 sites in their regulatory
sequences, and the binding of Ets-2 to PEA-3 sites
accelerates their transcription (37). Moreover, Ets-2
cooperates with other transcription factors, including
¢-Fos, to stimulate the transcription of matrix-degrading
proteases (37). Therefore, it is likely that FRP negatively
regulates ¢-fos and ets-2 gene expression and, as a result,
the transcription of MMP3 and MMP9 is suppressed.

In this series of experiments, for the limited
amount of available recombinant FRP and the relatively
short disease duration in this mouse model of arthritis,
we performed preventive therapy for the arthritis by
administering FRP just before the onset of disease.
However, for further estimation of the therapeutic po-
tential of FRP in arthritis, another series of experiments
conducted according to the controlled curative therapy
protocol will be required, involving the administration of
FRP and control drugs during disease progression in
other mouse models of chronic arthritis.

In conclusion, we demonstrated that the progres-
sion of murine arthritis can be inhibited by recombinant
FRP treatment. Its beneficial effect was the prevention
of joint destruction, which seemed to be mainly due to
the reduction in MMP activities at the transcription
level. In inflammatory joint diseases such as RA, FRP
may be one of the key molecules that prevents the
disease progression and a candidate as a new therapeutic
biologic agent that may block the disease process in a
manner different from that of TNFa, IL-1, and IL-6
antagonists.
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Abstract We report the cases of six patients who developed
acute Reiter’s syndrome following intravesical bacille bilié
de Calmette-Guérin (BCG) immunotherapy for superficial
bladder cancer. After the third to eighth BCG intravesical
injection, the patients developed conjunctivitis, aseptic
urethritis, and polyarthritis consistent with a diagnosis of
Reiter’s syndrome. HLA-B27 antigen was negative in five
of the patients examined. Two of the patients responded to
nonstercidal anti-inflammatory drugs for polyarthritis, and
the other four responded to steroids (prednisolone 5-10mg/
day). The frequent use of intracavitary BCG may increase
the incidence of BCG-induced Reiter’s syndrome, Further
analysis of the relationship between HLA-B and -DR
alleles and arthritis should shed light on the mechanism
of BCG-induced Reiter’s syndrome.

Key words Bladder carcinoma - Intravesical bacille bilié de
Calmette-Guérin (BCG}) - Reiter’s syndrome - Therapy

Introduction

Intravesical bacille bilié de Calmette-Guérin (BCG) immu-
notherapy is an effective treatment for superficial bladder
cancer and carcinoma in sitw.' The most common adverse
effects are persistent fever, malaise, and irritable urination.
Arthralgia and arthritis are reported to occur in .5% of
patients treated with intravesical BCG.? We report six cases
of BCG-induced Reiter’s syndrome, discuss the possible
pathogenesis, and review the literature.,
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Case reports

Patient 1

A 79-year-old man with a history of pulmonary tuberculosis
at 18 years of age was admitted to the hospital because
of persisting macrohematuria. Endoscopic examination
revealed a superficial bladder carcinoma, which was
confirmed histopathologically to be a transitional cell carci-
nema (Grade 2}, stage TINOMO according to the TNM
classification. The bladder carcinoma was removed by en-
doscopic resection, which was followed by four courses of
weekly intravesical BCG therapy to prevent a relapse of the
bladder cancer. After each BCG injection, the patient re-
ported self-limiting fever and ureteral pain for a few days.
Five days after the fourth injection, he developed bilateral
conjunctivitis (Fig. 1a), and 7 days later he developed soft
tissue swelling and effusions in. the right shoulder joint, and
both wrists and knees (Fig. 1b), bilateral first metacar-
pophalangeal (MCP) joints (Fig. 1c), and the left ankle
(Fig. 1d).

Hematological investigations showed leukocytosis of
9100/mm’, increased erythrocyte sedimentation rate {ESR)
of 106mm/h, and high C-reactive protein (CRP) of 11.3mg/
dl. Blood chemistry was within normal limits. Antinuclear
antibody (ANA) was positive at 1:1280, with a speckled
pattern. Anti-DNA antibody, anti-Sm antibody, anti-RNP
antibody, anti-S5-A antibody, and anti-SS-B antibody were
negative. Rheumateid factor (RF) and HLLA-B27 antigen
were negative (HLA B46, B61), and DR4 and 8 were posi-
tive. A tuberculin test was positive at 12mm in diameter. A
chest X-ray was normal, and an X-ray of the knees revealed
the presence of bilateral joint effusion. Thirty-five millilitres
of yellowish-white synovial fluid (SF) was aspirated from
the right knee. The SF was aseptic and the leukocyte count
was normal. Urinary and blood cultures were negative. Se-
rological tests for Chlamidia trachomatis were negative, and
PCR for Chlamidia trachomatis was also negative. An oph-
thalmological examination confirmed the presence of bilat-
eral conjunctivitis.
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Tig. 1. a Bilateral conjunctivitis
after intravesicat bacillus
Calmette—Guérin (BCG)
therapy. b Swelling of the knee
joints. e Swelling of bilateral first
metacarpophalangeal joints.

d Swelling of the left foot

Fig. 2. The clinical course of
patient 1. CRP, C-reactive
protein
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The diagnosis established was Reiter’s syndrome based
on polyarthritis, aseptic urethritis, and conjunctivitis. Dis-
continuation of the intravesical BCG resulted in a complete
recovery from urethritis in 7 days. Bilateral conjunctivitis
was treated with steroidal eye ointment for a few days,
resulting in complete recovery. However, the administra-
tion of loxoprofen (180mg/day) failed to resolve the arthri-

Jan, 2000 Feb

tis. QOral prednisclone at 10mg/day was started (Fig. 2).
However, the polyarthritis and serological inflammatory
findings gradually resolved to normal within about 2
months, The patient has remained asymptomatic, without
any joint symptoms or medication, during the last 2 years of
follow-up.
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Patient 2

A 54-year-old man was diagnosed with a recurrence of
transitional cell carcinoma of the bladder. After the
second intravesical injection of BCG, he developed ureteral
pain for a day. Two days after the fourth injection, he pre-
sented with arthritis affecting both knees, and 6 days later
presented with bilateral conjunctivitis. Laboratory tests
showed increased ESR (56mm/h) and CRP (11.5mg/dl).
Blood chemistry was normal. ANA and RF were negative.
HLA-B27 was negative, but HLA-DR was not checked.
Blood and urine cultures were negative. Treatment with
etodolac (400 mg/day) caused liver dysfunction. The patient
was then switched to prednisolone at Smg/day, which re-
sulted in an improvement in his symptoms. Prednisolone
was discontinued after 2 months, and he remains asymp-
tomatic 1 year later.

Patient 3

A 58-year-cld woman was diagnosed with a recurrence of
transitional cell carcinoma of the bladder. One day after the
third injection of BCG intravesically, she developed hema-
turia and ureteral pain, followed by arthritis of the costo-
transverse and left fourth metatarsophalangeal (MTP)
joints at 10 days, and bilateral conjunctivitis at 17 days.
Laboratory tests showed increased ESR of 82mm/h, and
increased CRP of 1.8mg/dl. Blood chemistry was normal.
ANA and RF were negative. HLA-B27 was negative (HLA
B39, B61), but HLA-DR was not checked. Blood and urine
cultures were negative. Discontinuation of the intravesical
BCG resulted in a complete recovery from urethritis in
a few days. Bilateral conjunctivitis was treated with
pranoprofen eye ointment for 5 days, resulting in a com-
plete recovery. The joint symptoms disappeared after 2
months of etodolac treatment (400mg/day). The patient
remains asymptomatic 1 year later.

Patient 4

A 68-year-old woman was diagnosed with a recurrence of
transitional cell carcinoma of the bladder. One day after
the second intravesical injection of BCG, she developed
pollakiuria and ureteric pain. Two days after the fifth BCG
injection, she presented with arthritis of the ribs and both
knees, and bilateral conjunctivitis. After the sixth BCG in-
jection, the joint symptoms had disappeared, but the ure-
teric pain persisted after the eighth BCG injection. ESR,
CRP, and blood chemistry were normal. ANA, RF, and
HLA-B and HLA-DR were not checked. Blood and urine
cultures were negative. Bilateral conjunctivitis was treated
with steroidal eye ointment for a few days, resulting in
a complete recovery. The administration of loxoprofen
{120mg/day) resulted in a gradual improvement in the ure-
teric pain, which disappeared after 23 months of loxoprofen
treatment.’ '

Patient 5

A 47-year-old man was diagnosed with a recurrence of tran-
sitional cell carcinoma of the bladder. One day after the
sixth intravesical injection of BCG, he complained of ure-
teric pain, and 5 days after the eighth BCG injection he
developed arthritis of the ribs and bilateral conjunctivitis.
Eleven days later, he developed arthritis of the right wrist,
knee, and foot. Laboratory tests showed high ESR (48 mm/
h) and CRP (1.2mg/dl}. Blood chemistry was normal. ANA
and RF were negative. HLA-B27 was negative {(HLA B61,
B70), but HLA-DR was not checked. Blood and urine cul-
tures were negative. Treatment with diclofenac (75 mg/day)
resulted in liver dysfunction. He was then treated with pred-
nisolone at 5mg/day, which resulted in an improvement
in his symptoms. One year later, prednisolone was discon-
tinued. He has remained asymptomatic during the last 6
months of follow-up.

Patient 6

A 42-year-old man was diagnosed with a recurrence of tran-
sitional cell carcinoma of the bladder. One day after the
fourth intravesical injection of BCG, he developed ureteric
colic. Four days after the sixth BCG injection, he presented
with arthritis of the right knee, the right second proximal
interphalangeal (PIP) joint and the left fourth PIP joint, and
bilateral conjunctivitis. One day after the seventh BCG
injection, he presented with arthritis of the left knee.
Laboratory tests showed an increased CRP of 3.8mg/dl.
Blood chemistry was normal. ANA and RF were negative.
HLA-B27 was negative (HLA B46, B52), but HLA-DR
was not checked. Fifty millilitres of yellowish-white SF was
aspirated from the left knee, The SF was aseptic and his
leukocyte count was normal. Blood and urine cultures were
negative. The administration of diclofenac (75 mg/day) pro-
vided only partial relief. Daily treatment with sulfasalazine
at 1000mg caused severe headache. He was then switched
to prednisclone at Smg/day, which resulted in an improve-
ment in his symptoms. Five months later, prednisolone was
discontinued. He has remained asymptomatic during the
last 6 months of follow-up.

Discussion

Most patients with synovitis occurring after intravesical
BCG immunotherapy show the infiltration of mononuclear
cells without granulomas in their synovial membrane.’ Im-
munochistochemical studies, after intravesical BCG therapy,
of serial bladder biopsies from patients with bladder carci-
noma in situ have shown a large number of infiltrating
mononuclear cells, consisting mainly of CD4+ T cells and
macrophages, into the bladder. The antitumoral effect of
BCG is thought to be mediated by T cell immunity, Al-
though the antitumoral effect of BCG injection is consid-
ered to be limited to the urinary bladder, systemic reactions,
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