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Abstract: We studied whether soluble CD40 ligands
{sCD40L) are removed by means of double filtration plas-
mapheresis (DFPP), and the removal may help decrease
activity of systemic lupus erythematosus (SLE). We stud-
ted 10 female patients with active SLE. Double filtration
plasmapheresis was conducted one or two times per week.
Plasma sCD40L levels were measured before and after
each round of DFPP and throughout the treatment
course. The plasma sCD40L level of SLE patients was sig-
nificantly higher (14.09 £18.88ng/mL) than that of
healthy individuals (0.19 +0.20 ng/mL; P < 0.0001). In the
SLE patients, plasma sCD40L levels were significantly
lower following DFPP (FP=0.0251). The plasma waste
from DFPP of an SLE patient was subjected to gel filtra-

tion, and the sCD40L concentration in each fraction was
measured. We observed a peak in the fraction correspond-
ing to 260 kDa. These results indicate that trimers and
higher order complexes of sCD40L are removed during
DFPP. Plasma sCD40L level and SLE disease activity
index (SLEDAI) were decreased folfowing the treatment
course (mean 9.3 months). sCD40L exists as both a mono-
mer and trimer in the plasma of SLE patients. The trimer
as well as higher-order compounds can be removed via
DFPP. It was thought that removal of sCD40L via DFPP
may be useful for improving the overall condition of SLE.
Key Words: Antibody removal, CD40 ligand, Double fil-
tration plasmapheresis, Plasmapheresis, Systemic lupus
erythematosus.

Systemic Jupus erythematosus (SLE) is an autoim-
mune disease of unknown origin. The serum of SLE
patients contains a variety of autoantibodies, includ-
ing anti-DNA antibodies, which form immune com-
plexes that precipitate in the tissues and cause
various tissue disorders. While drug therapy is cur-
rently the standard treatment for SLE, concomitant
plasmapheresis has been found to be effective for
reducing the incidence of certain aspects of the dis-
ease, such as Iupus nephritis and neuropsychiatric
lupus.

CD40 ligand (CD40L) is a 39-kDa type-II glyco-
protein of the tumor necrosis factor (TNF) family.
CD40L primarily appears transiently on CD4-posi-
tive cells, the recipients of antigen presentation, and
plays a central role in the maintenance of humoral
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immunity. CD40L exists in a soluble form (sCD40L)
that is produced by microsomal stimulus-dependent
cleavage of the membrane-bound CD40L. sCD40L
is capable of inducing B-cell proliferation via CD40
present on B-cells, class switching of immunogiobu-
lins, and production of autoantibodies. CD40 is
known to be widely expressed on antigen-presenting
cells such as monocytes and dendritic cells as well as
on intravascular endothelial cells. By sending signals
through these cells, it enhances the expression of
costimulatory molecules, induces production of
inflammatory cytokines, and participates in the patho-
genesis of various chronic inflammatory diseases
(1,2).

The ratio of CD40L-presenting T-cells is increased
in the peripheral blood of SLE patients (3), and if
these T-cells are stimulated in vitro, CD40L is report-
edly expressed on the cell surface at higher levels and
for a longer duration than in T-cells from healthy
individuals (4). It has been reported that the sCD40L
level in the plasma of SLE patients is high, and it
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TABLE 1. Surmmary of Study Subjects

Duration Anti-DNA Ab  CH50

Patient Age Sex of SLE  Complications Treatment for SLE SLEDAI (IU/mL) (wWmL)
1 R F 1 month APS PSL 70 mg, mPSL 500 mg x 3 days 17 2920.9 1.5
2 19 F 3 years PSL 30 mg 18 174.0 25.0
3 26 F 14 years APS PSL 15 mg 10 38 424
4 26 F 6 years S8 PSL 15mg 6 56.3 294
5 18 F 7 months PSL 60 mg, mPSL 500 mg x 3 days IVCY 23 1205 15.9
6 66 F 34 years APS PSL 15 mg, mPSL 500 mg x 3 days 14 61.5 16.3
7 12 F 3 month PSL 50 mg, mPSL 500 mg x 3 days 14 14.8 7.0
8 32 F 1 morth PSL 40 mg 18 32 7.0
9 34 F  10years PSL 50 mg 20 163.4 17.1
10 35 F  20years APS PSL 30 mg 10 8090.0 7.0

APS, antiphosphelipid antibody syndrome; IVCY, intravencus cyclophosphamide; mPSL, methylprednisolone; PSL, prednisolone; SjS,

Sjogren’s syndrome; SLEDAI, SLE activity index.

correlates with disease activity and the level of anti-
double-stranded (antiDS) DNA antibodies. Further-
more, sCD40L in the plasma of SLE patients
enhances the expression of CD44 and CD95 on B-
cells (5,6), and sCDA40L itself is believed to have bio-
logical activity.

In light of the observations described above, we
hypothesized that removal of sCD40L via plasma-
pheresis may help decrease disease activity. In this
study, we measured the time-dependent changes in
the plasma sCD40L levels in SLE patients who had
undergone double filtration plasmapheresis.

MATERIALS

The subjects included 10 female patients ranging
in age from 12 to 66 years {mean 30 years) who ful-
filled the 1982 American College of Rheumatology
(ACR) revised criteria for diagnosis of SLE. The
morbidity duration ranged from 1 moath to 34 years
(mean 105.6 months). Elevated antiDS-DNA anti-
bodies were detected in all subjects, and a decrease
in complement was detected in seven patients, The
SLE disease activity index (SLEDAI) ranged
between 6 and 20 points {(mean 15 points). All sub-
jects received steroid treatment, and one subject was
concomitantly treated with intravenous cyclophos-
phamide therapy (Table 1).

METHODS

Double filtration plasmapheresis (DFPP) was con-
ducted one or two times per week. A secondary
membrane filter with a pore size of 0.03 pm was used
for DFPF. A 5% albumin solution was used as a
substitution solution. For anticoagulation, 2000 U of
heparin were initially administered followed by con-
tinuous administration of 2000 U/k. The plasma
throughput per DFPP was 2000 mL.
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Blood sample collection was conducted before and
after DFPP. Whole blood was stored at 4°C and cen-
trifuged within 30 min, and plasma was stored at
~20°C.

Plasma sCD40L levels were measured before and
after each round of DFPP and throughout the treat-
ment course.

The concentration of sCD40L in plasma was deter-
mined by sandwich enzyme-linked immunosorbent
assay (ELISA) using two non-cross-blocking antihu-
man CD40L monoclonal antibodies (Mab). Briefly,
each well of a 96-well polystyrene ELISA plate
(Corning Costar Corp., Cambridge, MA, USA) was
coated with 5 pg/mL antihuman CD40L Mab (TRAP-
1; Pharmingen, San Diego, CA, USA) in phosphate
buffered saline (PBS). After washing with PBS, the
plate was treated with a blocking buffer consisting of
1% bovine serum albumin in PBS at room tempera-
ture for 2 h. The plates were washed four times with
0.05% Tween-20 (SIGMA, Tokyo, Japan) in PBS
(washing buffer) and incubated in washing buffer at
4°C overnight. After washing, the plates were incu-
bated with 2 pug/mL biotinylated antihuman CD40L
Mab (bio-M90, Genzyme, Cambridge, MA, USA) in
washing buffer. Avidin and biotinylated horseradish
peroxidase (Elite Vectastain, Vector Laboratories,
Burlingame, CA, USA) were then added, and follow-
ing incubation and washing, 3,3°,5,5"-tetrametylben-
zidine peroxidase (Kierkegaard & Perry Laboratories
Inc., Gaithersburg, MD, USA), which served as a
substrate for detection, was added. Absorbance at
450 nm was determined using a micro-ELISA reader,
Serial dilutions of recombinant human sCD40L
(Bender Medical Systems, Vienna, Austria) were used
toconstruct the standard curve. In the control ELIS A,
isotype-matched mouse IgG (mope-21, Sigma, St.
Louis, MO, USA) was used as a coating antibody, and
biotinylated mouse IgG (Ancell, Bayport, MN, USA)
was used for detection.
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Plasma from each SLE patient and the corre-
sponding DFPP drainage were subjected to gel filtra-
tion. 0.05 M potassium phosphate containing 0.1 M
NaCl {pH 7.5) was used as an elution buffer, and a
1%x30cm column filled with Sephadex G-100
(Pharmacia, Uppsala, Sweden) was used as a gel
filtration column.

The plasma sCD40L levels of healthy individuals
and SLE patients were compared using the Mann—
Whitney non-paired non-parametric test. The plasma
sCD40L levels of each SLE patient before and after
DFPP were compared using the paired Student’s ¢-
test and the SLEDAI and plasma sCD40L levels
before and after treatment were compared using the
Wilcoxon signed-ranks test.

RESULTS

The plasma sCD40L levels of 15 healthy individu-
als and 10 SLE patients were measured. The plasma
sCD40L level of SLE patients was significantly
higher (14.09 + 18.88 ng/fmL) than that of healthy
individuals (0.19+0.20 ng/mL; P <(0.0001) (Fig.1).
In the SLE patients, plasma sCD40L levels were sig-
nificantly lower following DFPP (P = 0.0251) (Fig. 2).
In one of the ten SLE patients (Patient no. 5),
increased sCD40L levels were observed following
DFPP, but the sCD40L levels tended to decrease
gradually over the course of the treatment, suggest-
ing that the post-DFPP increase was transient, Dur-
ing DFPP, thrombocytes receive an activation
stimulus as a result of the contact between the blood
and the membrane. When thrombocytes are acti-
vated, molecules such as CD40L appear on the
thrombocyte surface (7). Additionally, when throm-
bocytes are stimulated by thrombin, CD40L is
expressed on the cell surface, and within a short time,
its soluble form (sCD40L} is released (8). It seems
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FIG. 1. Plasma sCD40L levels (ng/mL) of 15 healthy individuals
and 10 systemic fupus erythematosus (SLE) patients. Mean plasma
sCD40L levels were significantly higher in SLE patients{14.09 +
18.88 ng/mL) compared to healthy individuals(0.19 £ 0.20 ng/mL}
{Mann-Whitney’s non-parametric non-paired test, P < 0.0001).
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FIG. 2. Plasma sCD40L levels before and after a single round of
double filtration plasmapheresis (DFPP) in systemic lupus erythe-
matosus patients. Plasma sCD40L levels were significantly
decreased following DFPP (Paired s-test, P =0.0251).

possible therefore that a tramsient post-DFPP
increase in sCD40L levels may be caused by throm-
bocyte activation.

The mean rate of sCD40L removal from the
plasma of SLE patients (50.71%) during a single
round of DFPP was much higher than the mean
removal rates of either IgG (25.06%) or albumin
(14.09%) (Fig.3), suggesting that the molecular
weight of the sCD40L removed during DFPP is
higher than that of either albumin or IgG. To deter-
mine the molecular weight of the sCD40L present in
the plasma of SLE patients and in the plasma waste
from DFPP, corresponding samples were subjected
to gel filtration, and the sCD40L concentration in
cach fraction was measured using ELISA. In the
plasma, peaks corresponding to the expected molec-
ular weights of sCD40L monomers (~20 kDa) and
trimers (~60 kDa) were observed. In the DFPP
drainage fluid, a peak was observed in the fraction
corresponding to 260 kDa (Fig. 4). These results indi-
cate that trimers and higher-order complexes of

100 1
90 +
80 +
70 T
60 +
50 A
40 + IgG
a0 L sCD40L I

20 i

10 T L . T

0 H i s e T : :

FIG. 3. The removal rates of sCD40L, [2G, and albumin from

plasma of SLE patients during a single round of DFPP. The

removal rates were 50.71 % 41.09% for sCD40L, 25.01 +7.02% for

Ig(, and 14.81 £3.52% for albumin, The high removal rate of
sCD40L suggests that it has the highest molecular weight.
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FIG. 4. Plasma from each systemic lupus erythematosus (SLE)
patient and the corresponding double filtration plasmapheresis
(DFPP) drainage fluid were subjected to gel filtration, and the
sCD40L concentration in each fraction was measured. The con-
centration is shown as absorbance. (#) indicates SLE patient
plasma and (@) indicates DFPP waste fluid. In the plasma of SLE
patients, peaks were observed at ~20 kDa and ~60 kDa. In the
DFPP waste fluid, one peak =60 kDa was observed. The ~20 kDa
peak is thought to correspond to the expected molecular weight
of the sCD40L monomer, and the -60 kDa peak is thought 1o
correspond to its trimer.

sCD40L are removed during DFPP. Follow-up anal-
yses conducted in seven out of the 10 SLE patients
revealed a change in plasma sCD40L level following
the treatment course. The mean treatment duration
was 9.3 months, and a mean of 19.2 rounds of DFPP
were performed. The stercid doses remained con-
stant or were decreased in all patients during the
treatment course. The plasma sCD40L level
decreased following treatment in all patients. The
SLEDAI score was significantly lower following
treatment, suggesting that the sCD40L level
decreased with the decrease in the SLE activity
(Fig. 5).

DISCUSSION

Double filtration plasmapheresis (DFPP) has been
concomitantly used with drug therapy to treat intrac-
table SLE patients. Treatment effect of DFPP is
based on the non-specific removal of the medium
to large molecules including immunocomplexes,
antiDS-DNA antibodies, and y-globulin from the
plasma protein fraction of the treated patients. DFPP
has been found to be effective for the treatment of
many of the clinical conditions associated with SLE
including active lupus nephritis, central nervous sys-
tem { CNS) lupus, dermatological manifestations, vas-
culitis, and thrombocytopenia (9).

The results of this study confirm that the plasma
sCDA40L levels in SLE patients are significantly
higher than those of the healthy individuals. Early
et al. reported that in model mice of SLE, antiDS-
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DNA antibody production could be supported by
treatment with antimouse CD40L antibody in vivo
(10). It is also known that the CD40~CD40L interac-
tion plays a significant role in SLE pathogenesis. In
the recent clinical studies to treat lupus nephritis
patients with humanized monoclonal antibody spe-
cific for CD40L, reduction in antiDS-DNA antibody
titers, proteinuria, hematuria, and SLEDAI score
were reported (11-13). In light of these findings, it
was thought that the removal of sCD40L by using
plasmapheresis might be useful for improving the
overall condition of SLE patients.

There were, however, two questions on the
removal of sCD40L by using DFPP. The first question
was whether sCD40L could be removed by DFPP. A
previous report has indicated that the molecular
weight of sSCD40L is 18-20 kDa. sCD40L. exists in the
body as a trimer form, and it may be biologically
active by itself (14). In our study, to determine if
sCD40L can be removed by DFPP, we examined the
molecular weight of sSCD40L by using a gel filtration
method. Our results suggest that sCD40L exists as
both monomer and trimer forms in the plasma of
SLE patients. The trimer as well as higher-ordered
compounds considered primary biological active
compounds, and they can be removed by DFPP. The

——
)
L]

P<0,05

D~
[ B =
—

[4)]
(-]
1
T

sCD40IL {ng/ml)

e

P<0.05

\.

— N W A
[ T < T o T o T o ]
1 4 { I

®)
25

20 +

10+

SLEDAI score

after treatment

FIG. 5. Follow-up of seven patients (Patients nos. 1,2, 3,4, 8,9
and 10} following the treatment course. Significant decreases
in the (a) plasma sCD40L level and (b) SLEDAI score were
observed following treatment in all patients {Wilcoxon sign-
ranked test, P < 0.05).
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second question was whether pathogenic substances
other than sCD40L could be removed by DFPP.
Because DFPP removes non-specific medium to
large molecules, certain substances involved in the
pathogenesis of SLE other than sCD40L can be
removed. More studies should be done in order to
answer this question.

It has been hoped that development of a more
selective treatment against CD40-CD40L will hap-
pen in the future, It is known that compared to drug
therapy, plasmapheresis is safer treatment with fewer
adverse effects. In the future, we intended to study
more about DFPP and the possibility of the develop-
ment of selective removal of sCD40L by immunoad-
sorption plasmapheresis technique.

In our study, all of the seven patients we followed
were taking steroid as the major drug. The degree to
which DFPP contributed the overall treatment
effects among the various treatments including ste-
roid is not clear. However, it appears that the
removal of sCD40L by DFPP might be one of the
factors for the improvement of the symptoms we
have observed.
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Treatment of Rheumatoid Arthritis With
Humanized Anti-Interleukin-6 Receptor Antibody

A Multicenter, Double-Blind, Placebo-Controiled Trial

Norihiro Nishimoto,! Kazuyuki Yoshizaki,! Nobuyuki Miyasaka,” Kazuhiko Yamamoto,?
Shinichi Kawai,* Tsutomu Takeuchi,’> Jun Hashimoto,! Junichi Azuma,}
and Tadamitsu Kishimoto!

Objective, Interleukin-6 (IL-6) is a pleiotropic
cytokine that regulates the immune response, inflam-
mation, and hematopoiesis. Overproduction of IL-6
plays pathologic roles in rhenmatoid arthritis (RA), and
the blockade of IL-6 may be therapentically effective for
the disease. This study was undertaken to evaluate the
safety and efficacy of a humanized anti-IL-6 receptor
antibody, MRA, in patients with RA.

Methods. In a multicenter, double-blind, placebo-
controlled trial, 164 patients with refractory RA were
randomized to receive either MRA (4 mg/kg body weight
or 8 mg/kg body weight) or placebo. MRA was admin-
istered intravenously every 4 weeks for a total of 3
months. The clinical responses were measured using the
American College of Rheumatology (ACR) criteria,

Results. Treatment with MRA reduced disease
activity in a dose-dependent manner. At 3 months, 78%
of patients in the 8-mg group, 57% in the 4-mg group,
and 11% in the placebo group achieved at least a 20%
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itmprovement in disease activity according to the ACR
criteria (an ACR20 response) (P < 0.001 for 8-mg group
versus placebo). Forty percent of patients in the 8§-mg
group and 1.9% in the placebo group achieved an
ACRS0 response (P < 0.001). The overall incidences of
adverse events were 56%, 59%, and 51% in the placebo,
4-mg, and §-mg groups, respectively, and the adverse
events were not dose dependent. A blood cholesterol
increase was cbserved in 44.0% of the patients. Liver
function disorders and decreases in white blood cell
counts were also observed, but these were mild and
transient, There was no increase in antinuclear antibod-
ies or anti-DNA antibodies. Anti-MRA antibodies were
detected in 2 patients.

Conclusion. Treatment with MRA was generally
well tolerated and significantly reduced the disease
activity of RA.

Rheumatoid arthritis (RA) is a chronic inflam-
matory disease characterized by persistent synovitis and
progressive joint damage, and it is often associated with
the presence of antiimmunoglobulin autoantibodies,
rheumatoid factors (1). Although the causes of RA are
not fully understood, proinflammatory cytokines are
involved in the development of the discase (2,3). These
cytokines and their actions may be potential targets to
block for the treatment of RA. Interleukin-6 (IL-6) is a
pleiotropic cytokine that regulates the immune re-
sponse, inflammation, hematopoiesis, and bone metab-
olism (2). Constitutive overproduction of IL-6 is thought
to play pathologic roles in RA. Elevation of IL-6 levels
was observed in both serum and synovial fluid in patients
with RA (4-6), and serum IL-6 levels correlated with
disease activity and radiographic joint damage (7-11).
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Administration of mouse monoclonal anti-IL-6 antibody
to 5 patients with RA was shown to ameliorate disease
activity, although the effect was transient (12). There-
fore, interference with the action of IL-6 may be effec-
tive for treating RA.

MRA is a humanized anti-human [L-6 receptor
(anti-IL-6R) monoclona! antibody that inhibits the
binding of IL-6 to IL-6R (13). The antibody was human-
ized by grafting the complementarity-determining re-
gions from the murine anti-IL-6R antibody into human
Ig(G1, thereby creating a functioning antigen-binding site
in a reshaped human antibody. Safety studies in healthy
adult male volunteers revealed that intravenous admin-
istrations of MRA were well tolerated. There were
trends toward reductions in discase activity in 2 safety
and dose-finding studies, 1 of single-dose MRA (14) and
1 of repetitive treatment for 6 months (15), involving
small numbers of RA patients in the UK and Japan,
respectively. On the basis of these findings, we con-
ducted a multicenter, double-blind, placebo-controlled
trial of MRA in patients with established and active RA.

PATIENTS AND METHODS

Patients. The study began in March 2001, and patients
were enrolled from April 16, 2001 to November 26, 2001.
Eligible patients were age =20 years, fulfilled the American
College of Rheumatology (ACR; formerly, the American
Rheumatism Association) 1987 revised criteria for RA (16),
had a history of >6 months of disease activity, and were in
functional class 1, II, or HI according to the Steinbrocker
criteria (17). All candidates had been treated unsuccessfully
(due to lack of efficacy) with at least 1 disease-modifying
antirheumatic drug (DMARD) or immunosuppressant.

No DMARDs, immunosuppressants, parenteral
and/or intraarticular use of corticosteroids, plasma exchange
therapies, or surgical treatments were allowed during a 4-week
washout period before the first dose and throughout the study
period. Patients receiving predaisolone (maximum of 10 mg/
day) and/or nonsteroidal antiinflammatory drugs (NSAIDs)
were eligible if the dosage had not increased during the
washout period. Both medications remained stable during the
study period. In addition, eligible patients had white blood cell
counts of at least 3,500/mm> and platefet counts of at least
100,000/mm?® at enrollment. The necessary degree of disease
activity at enrollment was confirmed by a finding of =6 swollen
joints, =6 tender joints, and I of the following 2 criteria: a
Westergren erythrocyte sedimentation rate (ESR) of at least
30 mm/hour or a C-reactive protein (CRP) level >1.0 mg/dl.

Sexually active premenopausal women were required
to use effective contraception during the study period. Women
in this category also had to have a negative urine pregnancy
test result before enrollment. Patients were excluded if they
had a medical history of a serious allergic reaction, significant
cardiac, blood, respiratory system, neurologic, endocrine, re-
nal, hepatic, or gastrointestinal diseases, or an active intercur-
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rent infection requiring medication. Patients were not
screened for purified protein derivative of tuberculin because
most Japanese receive BCG vaccine. Chest radiographs spe-
cifically to rule out either active tuberculosis or old granulo-
matous disease were not required in the study protocol, but
were often done to screen for active intercurrent respiratory
infections.

Study protocol. The study protocol was approved by
the Ministry of Health, Labor and Welfare of Japan and by the
ethics committee at each participating center. Before enroll-
ment, patients gave written informed consent, had a complete
medical history taken, and underwent a complete examination.
The examination consisted of a physical examination, mea-
sures of disease activity, and laboratory tests. In addition,
serum was obtained for testing blood IL-6, soluble IL-6R
(sIL-6R), anti-DNA antibodies, antinuclear antibodies
{ANAs), and bone metabolism markers (blood osteocalcin,
C-terminal type I procollagen propeptide [PICP]) on day ( and
at week 12 or 4 weeks after the last dose of the study drug.
Serum for testing antibodies to MRA (neutralizing antibodies
and IgE antibodies) was collected on day 0, every 2 weeks after
the administration day, 1 month after the last infusion, and
before the extension study when MRA was no longer detect-
able in the serum.

Baseline clinical assessments included the following:
complete count of swollen and tender joints (49 joints evalu-
ated; cervical spine and hips evaluated only for tenderness),
physician’s and patient’s global assessment of disease status on
a visual analog scale (VAS) from 0 (asymptomatic) to 100
(severe symptoms), patient’s assessment of pain on a VAS
from 0 (no pain) to 100 (severe pain), functional disability
measured with a modified Health Assessment Questionnaire
(18), Westergren ESR, and CRP Ievel (19). Disease activity
assessments were repeated on day O and every 4 weeks
throughout the study. Each patient was assessed by the same
rheumatologist at each visit.

Treatment. Patients were randomly assigned to 1 of 3
treatment groups: placebo, 4 mg of MRA per kg of body
weight (4-mg group), or 8 mg of MRA per kg of body weight
(8-mg group). Patients were administered an allocated study
drug 3 times at 4-week intervals for 3 months. MRA was
supplied as a sterile liquid formulation with 200 mg of MRA
per 10-ml vial. The placebo was a liquid formulation not
containing active substance and indistinguishable from the
MRA vial. The appropriate amount of MRA was diluted to a
total volume of 250 ml in sterile saline and administered over
a period of 1 hour by intravenous drip infusion using a 0.2-pm
in-ling filter under careful monitoring.

Statistical analysis. The primary end point was the
incidence of a 20% improvement in disease activity according
to the ACR criteria (ACR20) (19} at week 12 with the last
observation carried forward (LOCF) method. The closed
testing procedure for multiple comparisons was used in the
primary dose-response analysis. The first- and second-step
compatisons were those for 8 mg/kg MRA versus placebo and
4 mg/kg MRA versus placebo, respectively. Secondary end
points included the Disease Activity Score in 28 joints
(DAS28) (20), the incidences of 50% and 70% improvement in
disease activity according to the ACR criteria {ACRS50 and
ACRT0, respectively), the presence of overall improvement in
the ACR criteria from week 0 to week 12, and the different
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164 patients
underwent randomization
|| 1 excluded 1 not treated
(protocol violation) (ineligible)
53 assigned to 54 assigned to 55 assigned to
placebo 4 mg of MRAKke § mg of MRA/kg
25 withdrawn
12 for lack of efficacy 2 withdrawn 4 withdrawn
requiring DMARD 1 for exacerbation of 2 for adverse events
|| 3 for patients’ requests disease [ 1 for emergence of anti-
6 for both lack of efficacy 1 for emergence of anti- MRA antibodies
and patients’ requests MRA antibodies I for non-compliance
4 for adverse events
28 (53%) 52(96%) 51 (93%)
completed completed completed

Figure 1. Randomization, reasons for withdrawal, and numbers of patients who completed the trial, MRA =
humanized anti-interleukin-6 receptor antibody; DMARD = disease-modifying antirheumatic drug.

variables within the ACR core set (21). Statistical analyses
were performed with SAS version 8.2 TS2ZMO (SAS Institute,

DAS28

Cary, NC). The incidences of improvements were analyzed by

use of the chi-square test. The differences among groups of

Table 1.

Characteristics of patients at study entry*

scores and the individual variables of the ACR core set

were analyzed by use of Student’s r-test.

We determined that a sample size of 39 patients per

group was needed in order to obtain 80% power to detect a

Treatment group

Placebo 4 mg/kg MRA 8 mg/kg MRA
(n=53) {n = 54) (n = 55)

Age, median (range) years 53.0 (31-73) 53.5(21-74) 56,0 (25-74)
No. of men/no. of women 14/39 14/40 9/46
Functional classt

I 3 3 3

11 35 36 35

111 15 15 17

v 0 0 0
RA staget

1 0 3 0

II 13 14 12

I 21 20 24

v 19 17 19
Duration of disease, median (range) years 8.4 (0.7-52.7) 7.3 (0.6-35.8) 8.3(1.3-45.7)
No. of failed DMARDs, median (range) 5(1-10) 4 (2-8) 5(1-11)
Tender joint count, mean *= SD 182+ 84 19190 178298
Swollen joint count, mean = SD 141 = 6.1 160 = 9.1 136 x 6.9
ESR, mean * SD mm/hour 68.7 x 31.2 712 291 67.4 > 30.9
CREP level, mean * SD mg/dl 5542 47=x129 4533

* MRA = humanized anti-interleukin-6 receptor antibody; RA = rheumatoid arthritis; DMARDs =
disease-modifying antirheumatic drugs; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein,
+ RA functional status determined by American College of Rheumatology criteria. RA stage determined

by Steinbrocker criteria.
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statistically significant (P < 0.05) difference in incidences
between the placebo group and the 8-mg group by use of the
two-sided chi-square test, where response rates in the popula-
tion were assumed to be 2(1% and 50% in the placebo and 8-mg
groups, respectively. We decided to recruit 45 patients per
group to allow for anticipated withdrawals.

ANAs, anti-DNA antibodies, serum MRA levels, and
anti-MRA antibodies. ANAs w2re measured indirectly by
fluorescent antibody with HEp-2 ccil substrate; a titer of =1:40
was considered positive. Anti-DN A antibodies were measured
by '*I radiobinding assay; a valu: of =6.0 IU/ml was consid-
ered positive.

Serum MRA levels were assessed by enzyme-linked
immunosorbent assay (ELISA). Briefly, 100 u! of recombinant
human sIL-6R (1 pg/ml} was added to the wells of an
immunoplate precoated with MT18 and incubated at room
temperature for 2 hours. After washing, bound MRA was
measured using alkaline phosphatase (AP)-conjugated goat
anti-human IgG. The calorimetric reaction was measured with
a microplate reader.

Serum anti-MRA antibodies neutralizing MRA activ-
ities were measured by ELISA. Briefly, serum was added to
wells coated with 100 ul of Fab fragment of MRA (0.2 pg/ml)
and incubated for 2 hours. After washing, biotin-conjugated
Fab fragment of MRA was added and developed with AP
conjugated to streptavidin. IgE-type anti-MRA antibodies
were also measured by ELISA. In this case, whole MRA was
used because an antigen coated each cup, and enzyme-linked
anti-IgE antibodies were used as second antibodies.

RESULTS

Characteristics of the patients. One hundred
sixty-four patients were enrolled in the study (Figure 1).
After enroliment, 1 patient was found to be ineligible
(due to exacerbation of renal disease) for entry into the
study and was withdrawn before administration of drug
or placebo. Another patient was judged to be ineligible
because of intravenous infusion of prednisolone during
the washout period. A total of 162 patients (37 men and
125 women) were included in the full analysis set. The
baseline demographic and clinical data are summarized
in Table 1.

The groups were well matched according to their
pretreatment characteristics or baseline levels of disease
activity. The median age of the groups was 54 years, and
the median duration of disease was 7.6 years. A median
of 4-5 DMARDs had previously been tried unsuccess-
fully in the patient population. Furthermore, all patients
had active disease in terms of high counts of swollen and
tender joints and increased ESRs and CRP levels.
Therefore, the population of included patients probably
had relatively severe disease. Ninety-five percent of the
patients completed MRA treatment (96% in the 4-mg
group and 93% in the 8-mg group) compared with 53%
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Figure 2. Rheumatoid arthritis disease activity assessments, Solid
triangles indicate placebo-treated group. Open circles indicate group
treated with 4 mg/kg humanized anti-interleukin-6 receptor antibody
(MRA). Solid circles indicate 8 mg/kg MRA~treated group. Values are
the mean for each group at each time point. » = P < 005; f = P <
0.01; £ = P < 0.001 versus placebo, by Student’s t-test. CRP =
C-reactive protein; ESR = erythrocyte sedimentation rate; M-HAQ =
modified Health Assessment Questionnaire.

of the patients receiving placebo. Among the 109 pa-
tients receiving MRA, 6 withdrew (2 for ¢emergence of
anti-MRA antibodies, 2 for adverse events, 1 for exac-
erbation of disease, and 1 for noncompliance because of
changing an NSAID). Among the 53 patients receiving
placebo, 25 withdrew (12 for lack of efficacy that re-
quired introduction of a DMARD at the discretion of
the treating physician, 3 at the patients’ requests, 6 for
both lack of efficacy and patients’ requests, and 4 for
adverse events).

Efficacy. MRA treatment significantly improved
all measures of discase activity in the ACR core set, and
a dose-response relationship was observed between the
4-mg and 8-mg groups (Figure 2). The efficacy was
apparent at week 4 and became most pronounced at the
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Table 2. Percentage of responders according to the American College of Rheumatology (ACR) improvement criteria and the Disease Activity

Score in 28 joints (DAS28)*

Treatment group b
Placebo 4 mg/kg MRA 8 mg/kg MRA Placebo vs. Placebo vs. 4 mg/kg MRA vs,

Response criteria (n=53) (n =54) (n = 55) 8 mg/kg MRA 4 mg’kg MRA 8 mg/kg MRA
ACR improvementt

ACR20 11.3 574 782 <0.001 <0.001 0.020

ACRS0 19 259 40.0 <0.001 <0001 0.118

ACRT0 0.0 204 16.4 0.002 0.001 0.589
DAS28%

Good 0.0 5.6 182 0.001 0.085 0.042

Good or moderate 189 722 90.9 <0.001 <0.001 0.012

* Except where indicated otherwise, values are the percentage of patients achieving a given response. MRA = humanized anti-interleukin-5 receptor
antibody; ACR20 = 20% improvement in disease activity according to ACR criteria.

T See ref. 19,
I See refs. 20 and 22.

end of treatment (week 12). In particular, complete
normalization of the CRP level was observed in 76% and
20% of the patients in the 8-mg and 4-mg groups,
respectively, while the CRP level was normalized in only
1.9% of patients in the placebo group. Seventy-eight
percent of the 8-mg group achieved at least an ACR20
response compared with 57% of the 4-mg group (P =
0.02) and 11% of the placebo group (P < 0.001) (Table
2). There were also significantly more ACRS50 and
ACR70 responses in the 8-mg group than in the placebo
group (P < 0.001 and P = 0.002, respectively). The
efficacy was also confirmed by the percentages of pa-
tients in the DAS28 categories (20); the incidence of
“good or moderate” (22) was 91% in the 8-mg group
compared with 72% in the 4-mg group (£ = 0.012) and
19% in the placebo group (P < 0.001) (Table 2).

In addition to the ACR core set of disease
activity measures, considerable improvement occurred
in platelet counts and in levels of hemoglobin, fibrino-
gen, serum amyloid A, and albumin (Table 3). Interest-
ingly, fibrinogen levels and platelet counts remained in
the low-to-normal range. Rheumatoid factors were pos-
itive in 102 of 109 patients (94%) in the MRA groups at
baseline. Their titers decreased significantly in the 8-mg
group (Table 3), and 3 patients became negative for
rheumatoid factors at week 12. However, there was no
statistically significant correlation between the decrease
in rtheumatoid factor titer and ACR response rate in this
3-month study. MRA treatment also significantly in-
creased serum levels of the bone formation markers
osteocalcin and PICP and simultanecusly decreased
levels of the bone absorption markers urinary pyridino-
line and deoxypyridinoline.

Safety. Treatment tolerance of MRA was good.
The incidences of adverse events were 56%, 59%, and
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51% of the patients in the placebo, 4-mg, and 8-mg
groups, respectively, and were not dose dependent. Most
of the adverse events were mild and acceptable relative
to the benefit provided. Table 4 shows the adverse
events appearing in >>3% of patients in this study. These
adverse events did not require cessation of MRA treat-
ment. Upper respiratory infection (common cold) was
the most common adverse event overall, but the inci-
dences were similar among the groups. Skin eruptions
were reported in 5 patients in the MRA groups. Skin
eruptions in 2 of these patients were classified as unre-
lated to MRA. The other 3 patients had mild and
transient redness or papule of the skin. All 5 patients
continued MRA treatment, and no exacerbation was
observed. Infusion reactions, defined as any adverse
experience occurring during or after the infusion on the
treatment day, were found in 15%, 13%, and 16% of the
patients in the placebo, 4-mg, and 8-mg groups, respec-
tively. Most of them were mild and transient. Sleepiness
(2.8%), mild headaches (2.8%), and increases in blood
pressure (2.8%) were observed. Three patients had
transient increases in blood pressure after infusion
(138/75 mm Hg before, 165/80 mm Hg after; 134/82 mm
Hg before, 140/90 mm Hg after; 150/88 mm Hg before,
192/104 mm Hg after), and 2 of these patients had had
hypertension before entry into the study.

Five serious adverse events were reported in this
study: 3 in the MRA group (2.8%) and 2 in the placebo
group (3.8%). One patient died of reactivation of
chronic active Epstein-Barr virus (EBV) infection and
consequent hemophagocytosis syndrome 61 days after
receiving a single 8-mg/kg dose of MRA. She showed
fluctuating liver function and CRP levels that were
inversely correlated with white blood cell counts, and she
had increased EBV DNA in plasma before enrollment.
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Table 3. Laboratory parameters*

NISHIMOTO ET AL

Treatment group

Placebo 4 mg/kg MRA 8 mg/kg MRA
(n = 53) {n = 54) (n = 55}

Hemoglobin, gm/dl

Baseline 11315 113+16 113=11

Week 12 112+ 15 12.2 = 1.5¢% 128 = 1.3¢
Platelets, X10%ul

Baseline 366 130 364 £ 87 26x92

Week 12 385119 29.6 = 8.8% 21.8 = 6.5¢
Fibrinogen, mg/dl

Baseline 4702 = 118.1 430.0 = 110.0 453.8 + 102.1

Week 12 4879 = 130.1 396.2 = 130.3t 2316 + 103.3¢
Serum amyloid A, mg/ml

Baseline 383.3 = 3430 404.9 * 355.6 364.8 + 288.6

Week 12 391.8 £375.2 202.0 = 267.9t 75.0 £ 259.9%
Albumin, gm/dl

Baseline 36x04 36+04 3504

Week 12 37 =047 4.0 = 041 42 * 04t
Rheumatoid factors, IU/ml

Baseline 3376 = 364.8 297.9 + 3777 3455 + 436.2

Week 12 3482 = 402.6 261.2 x 4155 235.6 * 365.6%
Osteocalcin, ng/ml

Baseline 58+x28 5.7+28 51x22

Week 12 6.2 =31 6.6 = 3.1% 6.5 = 2.7¢
PICP, ng/m!

Baseline 135.4 £ 65.7 127.0 = 63.5 1172 £ 47.7

Week 12 1443 =778 146.4 = 70.6¢ 166.4 = 78.7t
Urinary pyridinoline, pmoles/mole creatinine

Baseline 60.3 = 32.6 588 + 327 58.5x29.8

Week 12 62.6 = 309 49.0 * 29.5¢ 477 £ 24.2¢%
Deoxypyridinoline, pmoles/mole creatinine

Baseline 7.8 >34 7.6 £ 3.5 74*+31

Week 12 7.6 +38 6.6 = 3.2% 69 £ 3.1%

* Values are the mean = SD. MRA = humanized anti-interleukin-6 receptor antibody; PICP = C-terminal type I procollagen

propeptide.

TP < 0.05 versus baseline of each assessment, by paired -test.

Two weeks after injection of the study drug, her liver
function became worse in association with the EBV
DNA increase in the plasma, followed by the hemo-
phagocytosis syndrome. Another patient in the §-mg
group was hospitalized because of allergic pneumonitis
after completion of the 3 doses of MRA. One patient in

Table 4. Adverse events observed in at least 3% of patients*

Treatment group

Placebo 4 mg/kg MRA 8 mgkg MRA

(n =53) (n = 54) (n = 55)
Common cold 7 (13.0) 9(16.7) 5(9.1)
Headache 1(1.9) 2(3.7) 3(5.5)
Pruritus 3(5.6) 3(5.6) 2(3.6)
Skin eruption 1(1.9) 2(3.7) 3(5.5)
Stomatitis 237 3(3.6) 4(7.3)
Fever 1(1.9) 3(5.6) 3(5.5)

* Values are the number (%) of patients. MRA = humanized anti-
interleukin-6 receptor antibody.
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the 4-mg group was hospitalized because of infection
secondary to a grade 2-3 burn on the leg, but she
continued MRA treatment. Both patients were cured by
medication. In the placebo group, a subarachnoid hem-
orrhage and a fracture of the neck of the femur were
reported as serious adverse evenis, '

For the laboratory profiles, abnormalities were
observed in 41%, 57%, and 76% of patients in the
placebo, 4-mg, and 8-mg groups, respectively. Lipid
metabolism-related reactions such as increases in total
cholesterol, triglycerides, and high-density lipoprotein
(HDL) cholesterol were common in the MRA groups
(Figure 3). A blood cholesteral increase was observed in
48 of 109 patients (44.0%) in the MRA groups. Total
cholesterol levels did not continue increasing, but be-
came stable at a certain level in the extension study (data
not shown). No cardiovascular complications were ob-
served in association with the increase in total choles-
terol. Liver function disorders were observed in 14 of
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Figure 3. Changes from baseline in serum levels of total cholesterol,
high-density lipoprotein (HDL) cholesterol, and triglycerides in pa-
tients with rheumatoid arthritis. Solid triangles indicate placebo-
treated group. Open circles indicate group treated with 4 mgkg
humanized anti-interleukin-6 receptor antibody (MRA). Solid circles
indicate 8 mg/kg MRA-treated group. Each parameter was compared
with its bascline value. Values are the mean for each group at each
time point. * = P < 0.05; ¥ = P < 0.01; $ = P < 0.001 versus baseline,
by paired ¢-test.

109 patients (12.8%) in the MRA groups. An increase to
grade 2 in alanine aminotransferase was observed in 2
patients, and the others had grade 1 according to the
World Health Organization (WHO) guideline. An in-
crease to grade 1 in aspartate aminotransferase was
observed in 8 patients. These increases were transient
and normalized with repeated administration of MRA.
Decreases in white blood cell counts were observed in 17
of 109 patients (15.6%) (to grade 3 in 1 patient, to grade
2 in 5 patients, and to grade 1 in the other patients
according to the WHO guideline). The decreases in
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white blood cell counts recovered without any treatment
in all patients, mostly within 2 weeks. Only 1 patient
stopped taking the study drug. There was no serious
infection associated with transient neutropenia.

ANAs were positive in 69 of 109 patients (63.3%)
at baseline. Eight patients became negative for ANAs at
week 12 (according to the LOCF method), while 6
patients became positive. Anti-DNA antibodies were
positive in 7 of 109 patients (6.49) at baseline. Five
patients became negative for anti-DNA antibodies at
week 12 (according to the LOCF method), and only 1
patient became positive. Anti-MRA antibodies were
detected in 2 patients who received MRA (1.8%), and
although these patients were asymptomatic, they were
withdrawn according to the study protocol.

DISCUSSION

This randomized, double-blind, placebo-
controlled trial provided evidence for a rapid reduction
in disease activity in response to MRA in patients with
active RA. The efficacy was dose related, and 8 mg/kg of
MRA provided marked clinical benefit. The success in
the treatment of RA with MRA confirmed that IL-6
plays important pathologic roles in RA.

Recently, biclogic agents targeting tumor necro-
sis factor (TNF) have been used successfully to treat RA
(23-26). However, ~30% of patients failed to respond
to the TNF inhibitors. Further study will be required to
establish whether MRA is effective for those patients.

MRA showed benefit in some safety profiles.
MRA did not induce anti-DNA antibodies, while anti-
TNF therapy induced anti-double-stranded DNA anti-
bodies in 16% of patients (23). The benefit of a human-
ized antibody was also demonstrated in the repetitive
treatment, because anti-MRA antibodies were detected
in <2% of MRA-treated patients without requiring the
use of immunosuppressive agents such as methotrexate.
Although serious infections were rare in repetitive treat-
ment with MRA, 1 patient died of reactivation of
chronic active EBV infection and consequent hemo-
phagocytosis syndrome. After that event, we screened all
patients who were receiving MRA in this and other
studies (>200 patients) for plasma EBV DNA, and the
patient who died was the only one with detectable EBV
DNA in the plasma (data not shown).

We have detected EBV DNA in whole blood
(including white blood cells) in some other patients;
however, those patients have not experienced any severe
adverse events during MRA treatment for more than 1
year in the extension study. Furthermore, blood EBV
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DNA became undetectable during MRA treatment in
some patients, Although we do not currently know the
exact mechanism for the reactivation of chronic active
EBV infection, we can exclude such a patient if we
carefuily examine eligibility, especially regarding existing
infection. A long-term safety study is also required, since
some serious infections associated with TNF inhibitors
were reported after they became commercially available
{27,28).

MRA markedly improved inflammation markers,
such as CRP levels and ESRs, in a manner similar to that
of TNF and IL-1 inhibitors (23,29,30). Specifically,
MRA completely normalized CRP levels in 76% of
patients in the 8-mg group. These results indicate that
IL-6 is a major cytokine responsible for acute-phase
protein production in RA. IL-6 was also proven to be a
potent regulator of lipid metabolism in vivo. Dose-
dependent increases in total cholesterol, HDL choles-
terol, and triglycerides were observed and were above
the normal range in some patients. This finding is
concordant with previous reports that administration of
recombinant IL-6 decreased serum cholesterol in cancer
patients (31,32) and that IL-6-deficient mice showed an
increase in triglycerides and very-low-density lipoprotein
in the blood in association with suppressed energy
expenditure and increased food intake, with no increase
in HDL cholesterol (33). However, MRA treatment also
increased HDL cholesterol. The precise mechanisms of
this phenomenon are uncertain, but total cholesterol
levels did not continue increasing, and no cardiovascular
complications were observed. Therefore, the findings do
not preclude further use of MRA for RA, Since RA
patients reportedly have an increased risk of developing
cardiovascular complications (34), we are examining the
safety issue of cardiovascular complications after long-
term treatment in the extension study.

A mild and transient decrease in white blood cell
counts was sometimes observed in the MRA groups. A
similar phenomenon was reported in clinical studies with
other biologic agents such as anti-CD20 antibody (35)
and anti-TNFe antibody (36). Therefore, the phenome-
non is not specific to MRA treatment. Most of the liver
function disorders observed in the MRA groups were
also mild and transient. However, we should be careful
when we use MRA in combination with methotrexate.

This clinical trial indicates an acceptable safety
profile relative to the clinical benefit. Further studies are
therefore required to determine the long-term safety
and efficacy of MRA as well as the feasibility of pre-
venting joint damage in RA patients.
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Expression of Interleukin-22 in Rheumatoid Arthritis

Potential Role as a Proinflammatory Cytokine

Hidekazu Ikeuchi, Takashi Kuroiwa, Noriyuki Hiramatsu, Yoriaki Kaneko, Keiju Hiromura,
Kazue Ueki, and Yoshihisa Nojima

Objective. Interleukin-22 (IL-22) is a novel cyto-
kine of the IL-10 family. Although its pathophysiologic
function is largely nnknown, induction of acute-phase
responses by IL-22 has suggested proinflammatory
properties. In this study, we sought to examine whether
IL-22 plays a role in the pathogenesis of rheumatoid
arthritis (RA).

Methods. Expression of IL-22 and IL-22 receptor
1 (IL-22R1) was examined by reverse transcription-
polymerase chain reaction (RT-PCR), Western blot, and
immunohistochemical analysis. The effects of recombi-
nant [1L-22 (rIL-22) on cultured synovial fibroblasts
derived from RA patients (RASF), with regard to the
proliferation of synovial fibroblasts and production of
monocyte chemeattractant protein ¥ (MCP-1), were
examined by alamer blue assay and enzyme-linked
immunosorbent assay, respectively.

Results. TL-22 messenger RNA was detected by
RT-PCR in RA synovial tissues and mononuclear cells
isolated from RA synovial fluid samples. High levels of
IL-22 were expressed both in the lining and the sublin-
ing layers of RA synovial tissues. Staining for vimentin
and CD68, as markers of synovial fibroblasts or macro-
phages, respectively, showed that the majority of 1L-22~
positive cells were synovial fibreblasts and macro-
phages. IL-22R1 was also expressed in both the lining
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and the sublining layers of RA synevial tissues. The
majority of cells expressing I1.22R1 were positive for
vimentin, but not for CD68. Expression of IL-22 and
1L-22R1 in RASF was confirmed by RT-PCR and West-
ern blot analysis. According to the in vitro findings,
rIL-22 significantly increased proliferation of RASF and
production of MCP-1 by RASF above the value of
medium controls, Moreover, MAPK activation was in-
duced in RASF in response to IL-22 stimulation,

Conclusion. These data suggest that 11-22, pro-
duced by synovial fibroblasts and macrophages, pro.
motes inflammatery responses in RA synovial tissues by
inducing the proliferation and chemokine production of
synovial fibroblasts.

Rheumatoid arthritis (RA) is a systemic disease
that causes progressive joint damage and disability.
Rheumatoid synovium is histologically characterized by
prominent infiltration of inflammatory mononuclear
cells, such as T cells and macrophages, and the prolifer-
ation of synovial fibroblasts. Inflammatory cytokines,
including tumor necrosis o (TNFa), interleukin-183 (IL-
1B), and IL-6, mainly produced by macrophages, play a
central role in the development of such synovitis (1,2).
For example, TNFe is shown to directly induce synovial
fibroblast proliferation, which leads to pannus formation
(3). TNFa is also critical for the expression of inflam-
matory chemokines and adhesion molecules, which, in
combination, facilitate further recruitment of inflamma-
tory leukocytes and perpetuation of inflammatory re-
sponses (2).

Neutralization of these inflammatory cytokines is
proven to be effective in treating human RA (4). How-
ever, many patients do not respond to such anticytokine
therapy, indicating heterogeneity of the disease, Differ-
ent cytokines may play a dominant role in these patients.
In this regard, efforts should be continued to search for
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any novel cytokines that are critically involved in the
pathogenesis of RA.

In contrast to proinflammatory cyte<ines such as
TNFea, IL-10 is regarded as an immunomodulatory
cytokine with a broad spectrum of biologic activities,
including antiinflammatory and immunosuppressive ef-
fects. Collagen-induced arthritis can be ameliorated by
administration of IL-10 (5). In the rheumatoid syno-
vium, large amounts of IL-10 are produced, and neutral-
ization with anti-IL-10 antibodies increases the produc-
tion of the proinflammatory cytokines, including TNFa
and IL-18 (6). These data have established the antiin-
flammatory role of IL-10 in RA, although the results of
clinical trials with administration of IL-10 to RA patients
have not been encouraging.

Recently, a novel IL-10 family cytokine, 1L-22,
was identified. By use of the complementary DNA
(cDNA) subtraction method, IL-22 was cloned as a
molecule induced by IL-9 in murine T cells. IL-22
encoded 180 amino acids, showing 22% amino acid
identity with IL-10 (7). Subsequently, a human homolog
was cloned and found to have 25% identity with human
IL-10. Initial studies have shown that IL-22 is expressed
by thymic Iymphocytes, mast celis, T cells activated with
anti-CD3, or concanvalin A (8). Another study has
shown that in peripheral blood mononuclear cells (PB-
MCs), expression of IL-22 was exclusively detected in T
cells, especially upon Thl polarization, and natural killer
cells (9). In vivo, IL-22 was shown to be expressed in the
thymus and the brain (8).

A receptor for IL-22, IL-22 receptor 1 (IL-22R1),
was cloned and the functional IL-22 receptor was then
identified as a complex of IL-22R1 and IL-10R2 (the
second chain of the IL-10 receptor complex) (10).
11-22R1 is expressed in tissues such as those from the
liver, kidney, pancreas, and skin, but not in PBMCs (11).
Upon lipopolysaccharide (LPS) stimulation, IL-22R1
messenger RNA (mRNA) expression is highly up-
regulated in the liver, in contrast to JL-10R2, which is
expressed constitutively in a variety of tissues (11). A
soluble receptor that binds to IL-22 was also cloned as a
way of identifying the class II cytokine receptor family,
and this was designated as IL-22 binding protein (IL-
22BP). IL-22BP has 34% amino acid identity with the
extracellular domain of the IL-22R1 and has been shown
to neutralize the effects of 1L-22 (12,13).

Although the pathophysiologic function of JL-22
is fargely unknown, the following data suggest that it has
proinflammatory properties, in contrast to IL-10. IL-22
induced up-regulation of serum amyloid A (SAA) in
HepG2 cells. In vivo, IL-22 also increased SAA expres-
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sion in the liver, and in turn, LPS injection induced
up-regulation of 11.-22 in various tissues, including those
of the kidney and the liver (14). In contrast to IL-10,
IL-22 neither inhibited production of proinflammatory
cytokines by macrophages nor induced immunoglobulin
production by activated human B cells (15). IL-22
activated STAT-3 and, to a lesser extent, STAT-5 in
MES13 cells, and STAT-1 and STAT-3 in HepG2 cells.
Of interest, a recent study has shown that IL-22 in a rat
hepatoma cell line, H4IIE, activated not only STAT, but
also kinases such as ERK, JNK, and p38 MAPK (16).
Since p38 MAPK is regarded to be an important kinase
for the inflammatory responses, these data support the
proinflammatory property of 1L-22,

In this study, we examined whether IL-22 plays a
role in the pathogenesis of RA. To this aim, we analyzed
the expression of IL-22 at both the mRNA and the
protein level, using samples derived from RA patients,
We further examined the effects of recombinant IL-22
(rIL-22) on cultured synovial fibroblasts derived from
RA patients (RASF). Our results demonstrate that high
levels of IL-22 are expressed in RA synovial tissues, and
that rIL-22 induces synovial fibroblast proliferation and
production of chemokines by RASF.

PATIENTS AND METHODS

Antibodies and cytokines. Goat anti-human [L-22
polyclonal antibodies were from Santa Cruz Biotechnology
(Santa Cruz, CA). Rabbit anti-human IL-22R1 polyclonal
antibodies were from Prosci Incorporated (Poway, CA).
Mouse anti-CD3 monoclonal antibodies were from Nichire;
{Tokyo, Japan). Mouse antivimentin, anti-CD20, anti-CD68
menoclonal antibodies, horseradish peroxidase (HRP)-
conjugated rabbit anti-goat polyclonal antibodies, and HRP-
conjugated goat anti-rabbit polyclonal antibodies were from
Dako (Glostrup, Denmark). Rabbit anti-ERK-1/2, anti-
phospho-ERK-1/2, anti-p38, and anti-phospho-p38 were from
Cell Signaling Technology (Frankfurt, Germany). Recombi-
nant human 1L-10, IL-20, and IL-22 were obtained from R&D
Systemns (Minneapolis, MN).

Patients’ samples. Synovial tissues from either RA or
osteoarthritis (OA} patients were obtained after joint replace-
ment surgery. All synovial tissues were fixed in 4% parafolm-
aldehyde overnight and then paraffinized. Synovial fluids were
isolated from RA patients during therapeutic arthrocenthesis,
Mononuclear cells from the synovial fluid or peripheral blood
of normal donors were isolated by Ficoll-Hypaque density
gradient centrifugation. All samples were obtained after the
patients had given their informed consent,

Immuonohistochemical analysis, Three-micrometer—
thick paraffinized synovial tissues were deparatfinized, placed
in 0.01M of sodium citrate buffer (pH 6.0), and heated 2 times
for 5 minutes in a microwave oven. After inactivation of
endogenous peroxidase with 0.5% metaperiodic acid in phos-
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phate buffered saline (PBS) for 10 minutes, sections were
incubated with 10% horse serum in PBS for 1 hour. Sections
were incubated at 4°C overnight with optimally diluted primary
antibodies (goat anti-human IL-22 antibodies, rabbit anti-
human JL-22R1 antibodies, mouse anti-human CD3, CD20,
CD68, and vimentin antibodies). Sections were incubated with
the Dako Envision Plus system to amplify the signal after
washing with PBS. The signals were finally developed with
diaminobenzidine (Nichirei)

For dual-tabeling immunofuorescense, tissue sections
were deparaffinized and blocked as described above. Sections
were then incubated with a mixture of primary antibodies at
4°C overnight. After washing in PBS, slides were next reacted
with HRP-conjugated anti-goat or, anti-rabbit IgG. After am-
plification by the TSA-biotin system, sections were finally
incubated with a mixture of anti-mouse IgG labeled with
phycoerythrin, streptavidin—{fiuorescein isothiocyanate, and
4’6-diamidino-2-phenylindole (Roche Molecular Biochemi-
cals, Indianapolis, IN) for 1 hour. Images were acquired and
processed digitally.

Cell culture. RASFs were isolated and cultured as
previously described (17). Briefly, synovial tissues were minced
into 2-3-mm pieces and treated for 2 hours with 2 mg/ml of
type 1 collagenase in Dulbecco’s modified Eagle’s medium
(DMEM) (Sigma, St. Louis, MO) at 37°C under continuous
shaking. After removal of tissue debris through a nylon mesh,
the cells were washed with DMEM and then harvested in
75-cm? flasks in DMEM supplemented with 10% heat-
inactivated fetal calf serum (FCS) (Sigma). Cells were cultured
until reaching 80% confluence, before being used in experi-
ments, All in vitro experiments were carried out using primary
RASF cultures between passages 3 and 8.

Reverse transcription—polymerase chain reaction (RT-
PCR) of synovial tissues, RASKF, and monenuclear cells,
Homogenized RA synovial tissues, mononuclear cells in syno-
vial fluid, and PBMCs were stimulated with or without 10
ng/ml of phytohemagglutinin-leukoagglutinin {PHA-L}
(Sigma) for 8 hours, and RASF were prepared. Total RNA was
obtained with an RNeasy mini kit (Qiagen, Chatsworth, CA)
according to the manufacturer’s instructions. Single-stranded
cDNA was synthesized by reverse transcription of 2 ug total
RNA, using oligo(dT)} primer {(Invitrogen, San Diego, CA) and
the Omniscript RT kit (Qiagen), to a final volume of 20 pul.
Amplification of the cDNA template was performed in a 50-ul
PCR mix containing 1 pl cDNA template, 200 pM dNTP, 5 pl
PCR Gold Buffer (Applied Biosystems, Foster City, CA), 2.5
mM MgCl,, 1.25 units AmpliTag Gold DNA polymerase
(Roche Laboratories, Nutley, NJ), and 0.5 pM of each primer.
Amplification conditions for B-actin and IL-22 were as follows:
10 minutes at 94°C followed by 35 cycles, each consisting of 30
seconds at 94°C, 30 seconds at 60°C, and 45 seconds at 72°C,
and finally followed by 7 minutes at 72°C. For IL-22 receptors,
conditions were 10 minutes at 95°C followed by 30 cycles, each
consisting of 30 seconds at 94°C, 30 seconds at 60°C, and 45
seconds at 72°C, and finally 7 minutes at 72°C. The sequences
of oligonucleotide primers used for PCR were as follows: for
B-actin, 5-GAACTITGGGGGATGCTCGC-3" and 5'-
CGGGAAATCGTGCGTGACAT-3' (18); for IL-22, 5'-
ACAACACAGACGTTCGTCTCATTG-3 and5"-GAACAG-
CACTTCTTCAAGGGTGA-Y' {9): and for IL-22R1, 5'-CCT-

GAGCTACAGATATGTCACCAAG-3' and 5'-GGCTGG-
AAAGTCAGGACTCG-3' (9).

Quantitative real-time PCR. To determine the mRNA
expression of monocyte chemoattractant protein 1 (MCP-1),
quantitative real-time PCR was performed as previously de-
scribed, using the ABI Prism 7700 Sequence Detection System
(Perkin Elmer Applied Systems, Foster City, CA) and the
SYBR Green I PCR kit (Qiagen) (18). Each reaction con-
tained 25 ul of 2xX SYBR Green Master Mix, 5 uf of a 1:10
dilution of the prepared ¢DNA and 300 nM primers, and water
to 50 pl. The sequences of primers used for MCP-1 were as
follows: 5'-GATCTCAGTGCAGAGGCTCG-3° and 5'-
TGCTTGTCCAGGTGGTCCAT-3' (18). For MCP-1 and
B-actin, conditions were 15 minutes at 94°C followed by 40
cycles, each consisting of 30 seconds at 94°C, 30 seconds at
58°C, and 30 seconds at 72°C, and finally 7 minutes at 72°C,
The ABI Prism 7700 Sequence Detection System software was
used to determine the mRNA expression of MCP-1 relative to
B-actin in each sample. The final MCP-1 mRNA expression
levels in each sample were determined after correction for
f-actin expression.

Western blot analysis, Cells were washed with PBS and
homogenized in lysis buffer containing 1.5% Triton X-100, 150
mM Tris HCl, pH 7.2, 150 mM NaCl, 15 mM EDTA, 3 mM
phenylmethylsulfonyl fluoride, 30 mg/ml aprotinin, 30 mg/ml
pepstatin A, 3 mM sodium orthovanadate, and 15 mM pyro-
phosphate, After centrifugation at 14,000 revolutions per
minute for 10 minutes, the protein concentration of the
supernatants was determined using a micro BCA protein assay
kit (Pierce, Rockford, IL). Protein samples containing 20 pg
total protein were separated on 10% denaturing sodium
dodecyl sulfate—polymacrylamide gel and transferred onto a
polyvinyl difluoride membrane. Blots were initially incubated
in Tris-buffered saline containing 0.1% Tween 20 and 5%
nonfat dry milk powder (T-TBS milk) to block nonspecific
binding. This was followed by further incubation overnight
with specific antibodies optimally diluted in T-TBS milk at 4°C,
Signals were detected by HRP-conjugated anti-rabbit imrmu-
noglobulins (Dako). For visualization, SuperSignal West Dura
Extended Duration Substrate {Pierce) was used in accordance
with the manufacturer’s protocol.

Enzyme-linked immunosorbent assay (ELISA) and
cell proliferation assay. The concentration of MCP-1 in cell-
culture supernatamnts was determined by an ELISA obtained
from R&D Systems. Cell proliferation was assessed by alamer
blue assay. Briefly, RASF were seeded at 1 X 10 cellsiwell in
24-well plates. After 3 days of incubation with 1L-22, 50 ul of
alamer blue (Biosource, Camarillo, CA) was added to each
well, After 4 hours, the optical density of each well was
determined wvsing a microplate reader set at 544 nm (excita-
tien) and 590 nm (emission).

Detection of ERK-1/2 and p38 MAPK activation by
Western blot. RASF were grown to semiconfluence in 6-well
plates, and cell growth was rested for 24 hours in DMEM
containing 1% FCS. Celis were then stimulated with 100 ng/ml
tIL-22 for the indicated periods. Cells were harvested and
Western blot was performed using specific antibodies against
phosphorylated ERK-1/2 and phosphorylated p38 MAPK in
accordance with the manufacturer’s manual of instructions.

Statistical analysis. All experiments were repeated at
least 3 times. Results reported are representative of several
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Figure 1. Interleukin-22 (IL-22) mRNA expression in rheumatoid
arthritis (RA) synovial tissues (A} and mononuclear cells in RA
synovial fluid {B). Reverse transcription—polymerase chain reaction for
IL-22 or B-actin was performed using mRNA extracted from synovial
tissues (A) or mononuclear cells in synovial fluid (B) from 4 RA
patients (RA1-RA4). Peripheral blood mononuclear celfs from nor-
mal donors, stimulated with phywhemaggtutinin (PC)y or without
phytohemagglutinin (NC), were used as positive and negative controls,
respectively.

experiments. All results are expressed as the mean = SEM of
3 separate experiments. Statistical significance was determined
by one-way analysis of variance followed by Scheffe’s F test. A
P value of less than 0.05 was considered to represent a
statistically significant difference between group means.

RESULTS

IL-22 expression in RA synovial tissues and
mononuclear cells in RA synovial fluid, To examine
whether IL-22 is involved in the pathogenesis of RA, we
first examined the mRNA expression of IL-22 in RA
synovial tissues and mononuclear cells isolated from RA
synovial fiuid samples. To this end, RT-PCR was per-
formed. As shown in Figure 1A, significant levels of
IL-22 mRNA were detected in all RA synovial tissues.
PBMCs from normal donors, incubated with or without
PHA-L, were used as positive or negative controls,
respectively. IL-22 mRNA was also expressed in mono-
nuclear cells in RA synovial fluid (Figure 1B). IL-22
mRNA expression in synovial tissues and mononuclear
cells from the synovial fluid was examined in 8 patients
with active RA. The results were consistent in all
patients examined, and representative results from 4
patients are shown in Figure 1.
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We next sought to examine the localization of
11-22 in RA synovial tissues and performed immunchis-
tochemical analysis with a specific antibody against
IL-22, As shown in Figure 2A, IL-22 was expressed in
both the synovial lining and the sublining layers. In the
negative control, no significant signals were detected
with nonspecific immunoglobulins (Figure 2E). We also
examined IL-22 in synovium from patients with QA
(compared with noninflammatory arthropathy as a con-
trol). As shown in Figure 2D, modest expression of IL-22
was observed in the synovial lining layers of OA tissue.
However, expression of I1L-22 was relatively weaker in
the sublining layers in OA synovium, which is in contrast
with the high expression levels in the respective areas in
RA synovium.

To identify the cell types expressing IL-22, vi-
mentin or CD68 were stained in sequential shices as
markers of synovial fibroblasts or macrophages, respec-
tively. Because the distribution of cells positive for IL-22
and vimentin was similar, the majority of IL-22-positive
cells were thought to be synovial fibroblasts (Figures 2A
and B). CDé8-positive macrophages were detected in
the lining and sublining layers; however, it was difficult
to determine whether these cells were positive for IL-22.
Therefore, to further examine the cell types expressing
IL-22, immunofluorescence double-staining with anti-
IL-22 and anti-CD68 antibodies was performed. In the
same section, IL-22—positive cells were stained in green
(Figure 3A) and CD68-positive cells were in red (Figure
3B). The merged image showed substantial numbers of
CD68 cells, but not all were also positive for IL-22
(Figure 3D).

A previous study has shown that T cells produce
IL-22 in response to IL-9 (7). Using a double-staining
method, we further examined whether infiltrating T cells
expressed IL-22 in the rheumatoid synovial tissues. As
shown in Fignre 3H, the majority of, but not all,
CD3-positive cells were negative for IL-22. Taken to-
gether, these results show that high levels of IL-22 were
expressed in rheumatoid synovial tissues. The major
source of IL-22 was thought to be the synovial fibroblasts
and macrophages, but predominantly the synovial fibro-
blasts.

IL-22R1 expression in RA symovial tissues, A
functional IL-22 receptor was recently identified as a
complex of IL-22R1 and IL-10R2 (10). We therefore
examined IL-22R1 mRNA expression in the rheumatoid
synovial tissues. RT-PCR with specific primers against
IL-22R1 revealed that significant levels of IL-22R1
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Figure 2. Immunohistologic localization of interleukin-22 (TL-22) in rheumatoid synovial tissues. I'ﬁ;nunohis':ochcmical analysis in séquenced slices
of the rhevmatoid syaovium was performed using specific antibodies apainst 1L-22 (A},_vimc.l_lrin (B), CDE8 (C), or control 1gG (E). Synovial tissue
from osteoarthritis patients was also stained with anti-1L-22 antibodies (D). Sections were counterstained with hematoxylin (original magnification X

200).

mRNA were expressed in RA synovial tissues (Figure 4).
As a positive control, mRNA isolated from HepG?2,
known as the IL-22-responsive human hepatoma cell
line in a previous study {(8), was used.

In the next experiment, we determined the cellu-
lar distribution of IL-22R1 in the rheumatoid synovium,
by immunohistochemical analysis. As shown in Figure
SA, high levels of I1.-22R1 expression were observed in
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both the liting and the sublining layers. In immunofiu-
orescence staining, IL-22R1 expression was also de-
tected in both the lining and the sublining layers (Figure
5C, green), Vimentin was expressed in a very similar
manner (Figure 5D, red). In the merged image, the
majority of cells expressing IL-22R1 were also stained
with antivimentin antibodies, indicating that the domi-
nant cell type for IL-22R1 is the synovial fibroblast



