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Figure 4. Changes in levels of the T cell activation marker CD69, and of the costimulatory molecules CD40L and inducible costimulator (ICOS) in patients
with SLE who have prolonged remission and show major clinical response following rituximab therapy. (A) Cases showing typical courses (x axis, CD4).
From top to bottom, changes from baseline to 28 days and 2 years after rituximab treatment in Patient 3 (y axis, CD69), Patient 4 (y axis, CD40L), and Patient
1 (y axis, ICOS). (B) Changes in percentages of CD69-positive cells, CD40L-positive cells, and ICOS-positive cells in the CD4-positive cell population
before and 2 years after rituximab treatment in the 8 patients with prolonged remission.

cells, as well as the levels of CD40 and CD80 on the
CD19-positive cells, increased, without any significant
change in the number of T cells (Figure 5A). This patient
was treated again with rituximab. The retreatment resulted
in the disappearance again of memory B cells from periph-
eral blood and a decrease in disease activity. The butterfly
rash disappeared, the anti-dsDNA antibody test was nega-
tive, and urinary protein excretion and occult blood
disappeared.

The patient with T cell-dominant relapse was a 29-year-old
woman (Patient 6). Despite intense immunosuppressive
therapy, she continued to have central nervous system
(CNS) symptoms and a high disease activity level (SLEDAI
9, BILAG 12). The results of tests for anti-dsDNA antibody
and anti-Sm antibody were negative. Treatment with ritux-
imab induced remission of SLE along with rapid disappear-
ance of both naive and memory B cells from the peripheral
blood. Two years later, however, the disease relapsed and
the patient presented with CNS disease manifestations.
While no changes in B cells were seen either before or after
the relapse, an increase in the population of memory T cells
was noted, along with markedly elevated levels of ICOS on
CD4-positive cells (Figure 5B). In this patient, disease
activity was found to be worse and to involve predominant-

ly T cell abnormalities. Therefore, she was retreated with
IVCY, because this drug is considered to be effective against
T cells as well. Systemic symptoms, such as fever, malaise,
and lymph node swelling, and also the psychiatric symp-
toms improved with IVCY treatment. In addition, brain per-
fusion scintigraphy showed an improvement of blood flow,
and the level of ICOS on CD4-positive T cells decreased
(data not shown).

DISCUSSION

Rituximab has recently been demonstrated to be effective in
the treatment of SLE!234.5.6.78 and we undertook our study
to determine the mechanisms of the longterm remission of
SLE induced by rituximab and the relapse after remission.
When patients with highly active SLE were treated
with rituximab, rapid depletion of CD19+IgD+CD27-
naive B cells, CD19+IgD-CD27— memory B cells, and
CD19+IgD-CD27+ memory B cells from the peripheral
blood was observed, while CDI19°VCD27high or
IgD-CD38+ plasma cells persisted in the blood until Day
28. For patients with clinical remission for about 2 years
after rituximab treatment, the plasma cells as well as mem-
ory B cells remained depleted or in markedly reduced num-
bers, although the naive B cells recovered. Analysis of the
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Figure 5. (A) Changes in levels of B cell and T cell surface antigens before and 28 days after treatment, and at the time of SLE relapse, 1.5 years after treat-
ment, in Patient 9, who showed B cell-dominant relapse. (i) Changes in CD19-positive cell subsets (x axis, IgD; y axis, CD27; changes in the numbers of
naive B cells, memory B cells, and plasma cells). (i) Changes in levels of CD40 and CD80, costimulatory molecules expressed on CD19-positive cells. (iii)
Changes in the CD4-positive cell subsets (x axis, CD4; y axis, CD45R0O; changes in the numbers of naive T cells and memory T cells). (iv) Changes in levels
of CD40L and ICOS, costimulatory molecules expressed on CD4-positive cells. (B) Changes in levels of B cell and T cell surface antigens before and 28
days after rituximab treatment, and at the time of relapse, 2 years after treatment, in Patient 6, who showed T cell-dominant relapse. (i) Changes in the
CD19-positive cell subsets (x axis, IgD; y axis, CD27; changes in the number of naive B cells, memory B cells, and plasma cells). (i) Changes in levels of
CD40 and CD80. (iii) Changes in the CD4-positive cell subset (x axis, CD4; y axis, CD45RO; changes in numbers of the naive T cells and memory T cells).

(iv) Changes in levels of CD40L and ICOS.

changes in the levels of the costimulatory molecules on the
B cells revealed that levels of both CD40 and CD80
remained suppressed until 2 years after rituximab therapy.
However, in Patient 9, who showed relapse after pro-
longed remission, an increase in the percentage of
CD19+1gD-CD27- memory B cells and CD19+IgD-CD27+
memory B cells, as well as levels of CD40 and CD80 on
these cells, was noted just before the relapse of SLE.
Further, in these patients who showed relapse, the
anti-dsDNA antibody titers increased, along with develop-
ment of lupus nephritis as organ involvement, suggesting
the correlation between changes in the B cells and the patho-

physiology of SLE. Thus, in the patients in whom B cells
were successfully depleted by rituximab therapy, the num-
bers of memory B cells and plasma cells, which express
costimulatory molecules, remained suppressed for prolonged
periods of time, even though the naive B cells recovered.
These findings suggest that reconstitution of the peripheral B
cell compartment is crucial for sustaining longterm SLE
remission and that recovery of memory B cells expressing
costimulatory molecules precedes the SLE relapse.

A significant finding was that rituximab used to produce
B cell depletion also affected T cell differentiation and acti-
vation. In cases with highly active SLE complicated by
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lupus nephritis or CNS disorders, findings suggestive of T
cell subset involvement in the pathophysiology of SLE have
been reported, such as reduction in the population of naive
T cells and an inverse correlation with the antibody-forming
potential?324252627 T patients with sustained SLE remis-
sion for 2 years after rituximab treatment, however, there
were significant increases in the peripheral blood CD4-pos-
itive and CD4+CD45RA+ naive T cells. Further, although
no changes were seen in the number of CD4+CD45RO+
memory T cells, the expression of CD45RO decreased
(CD45ROVYight 1o CD45ROQintermediatey = gyggesting the
reduced activation potential of the cells. In fact, reduction or
disappearance of the expression of CD69 and the costimula-
tory molecules CD40L and ICOS was noted. As described,
activated B cells in patients with SLE showed enhanced
expression of MHC class II antigens and costimulatory mol-
ecules and an antigen-presenting potential close to that of
dendritic cells, suggesting T cell activation. However, the
costimulatory molecule-expressing B cells disappeared,
thereby reducing the costimulatory molecule-expressing
memory T cells, a change that probably contributes to
longterm remission in patients with SLE.

The case of Patient 6 in this study is interesting because
the SLE relapse was associated with predominant T cell
abnormalities. With regard to the clinical presentation of this
patient, there were marked systemic symptoms such as fever
(over 38°C), polyarthritis, and lymphadenopathy, along with
CNS involvement. However, this patient cannot be viewed
as a specific or extraordinary case of SLE. The fact that an
increase in the memory T cells and an increase in the levels
of ICOS on the CD4-positive cells preceded the relapse of
SLE, without any changes in the number of B cells, B cell
subsets, or surface antigen expression, indicated that T cell
activation was predominantly involved in the SLE relapse.

Many clinical studies revealed that some patients do not
benefit at all from peripheral B cell depletion therapy with
rituximab!?713. When those findings are considered with
our findings, it would appear that the existence of T
cell-dependent/B cell-independent abnormalities may be
involved in the pathogenesis of SLE. This may reflect the
heterogeneity in the pathophysiology of SLE. Indeed, the
patient with B cell-dominant relapse in our study responded
well to retreatment with rituximab, and a favorable outcome
of the patient with T cell-dominant relapse was obtained fol-
lowing treatment with IVCY. Thus, a higher efficacy of B
cell-targeted therapy may be obtained in patients with B
cell-dominant SLE, while T cell-targeted therapy may be
needed for patients with T cell-dominant SLE.

Our findings support the notion that activated T cells, in
addition to activated B cells, may be potentially involved in
the pathogenesis of SLE, and that interaction between acti-
vated B cells and T cells may worsen the pathophysiology
of SLE. Depletion of B cells by rituximab may result in the
reconstitution of B cells in the peripheral compartment. That

could cause inhibition of T cell activation and differentiation
mediated by memory B cells, which in turn might lead to
longterm remission of SLE.
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Incidence and Risk Factors for Serious Infection in
Patients with Rheumatoid Arthritis Treated with
Tumor Necrosis Factor Inhibitors: A Report from the
Registry of Japanese Rheumatoid Arthritis Patients for
Longterm Safety

YUKIKO KOMANO, MICHI TANAKA, TOSHIHIRO NANKI, RYUJI KOIKE, RYOKO SAKAI, HIDETO KAMEDA,
ATSUO NAKAJIMA, KAZUYOSHI SAITO, MITSUHIRO TAKENO, TATSUYA ATSUMI, SHIGETO TOHMA,
SATOSHI ITO, NAOTO TAMURA, TAKAO FUJIIL, TETSUJI SAWADA, HIROAKI IDA, AKIRA HASHIRAMOTO,
TAKAO KOIKE, YOSHIAKI ISHIGATSUBO, KATSUMI EGUCHI, YOSHIYA TANAKA, TSUTOMU TAKEUCHI,
NOBUYUKI MIYASAKA, and MASAYOSHI HARIGAL, for the REAL Study Group

ABSTRACT. Objective. To compare tumor necrosis factor-o. (TNF-00) inhibitors to nonbiological disease-modify-
ing antirheumatic drugs (DMARD) for the risk of serious infection in Japanese patients with rheuma-
toid arthritis (RA).

Methods. Serious infections occurring within the first year of the observation period were examined
using the records for patients recruited to the Registry of Japanese Rheumatoid Arthritis Patients for
Longterm Safety (REAL), a hospital-based prospective cohort of patients with RA. The analysis
included 1144 patients, 646 of whom were treated with either infliximab or etanercept [exposed
group: 592 4 patient-years (PY)]. The remaining 498 patients received nonbiological DMARD with
no biologics (unexposed group: 454.7 PY).

Results. In the unexposed group, the incidence rate for all serious adverse events (SAE) was 9.02/100
PY and for serious infections, 2.64/100 PY. In the exposed group, SAE occurred in 16.04/100 PY and
serious infections in 6.42/100 PY. The crude incidence rate ratio comparing serious infections in the
exposed group with the unexposed group was 2.43 (95% CI 1.27—4.65), a significant increase. A
multivariate analysis revealed that the use of TNF inhibitors is a significant independent risk factor
for serious infection (relative risk 2.37,95% CI 1.11-5.05, p = 0.026).

Conclusion. Our study has provided the first epidemiological data on Japanese patients with RA for
the safety of TNF inhibitors compared to nonbiological DMARD for up to 1 year of treatment.
Anti-TNF therapy was associated with a significantly increased risk for serious infections, compared
to treatment with nonbiological DMARD. (First Release April 15 2011; J Rheumatol 2011;
38:1258-64; doi:10.3899/jrheum.101009)
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The introduction of tumor necrosis factor-o; (TNF)
inhibitors for treatment of rheumatoid arthritis (RA) is a
major therapeutic breakthrough!. Because biologics, includ-
ing TNF inhibitors, have become important and widely used
clinical tools for treatment of RA, assessment of their safe-
ty is important. There are significant concerns relating to the
association between opportunistic infections and TNF
inhibitors. One example of this association is the observed
reactivation of latent tuberculosis?. Serious bacterial, granu-
lomatous, and fungal infections have also been reported to
be associated with TNF inhibitor use3*.

To develop the safety profiles of biologics, several
groups from Europe and the United States have established
registries for patients receiving these drugs. Some of these
have reported elevated risk for infections in patients with
RA treated with biologics, including TNF inhibitors, com-
pared to treatment with nonbiological disease-modifying
antirheumatic drugs (DMARD)>6.789.10.1L Tg date, there

has been no comparable report on the safety of biologics for
Asian patients with RA. Because racial and geographic dif-
ferences occur in morbidities of such infections as
Mycobacterium tuberculosis, the Coccidioides species, and
Pneumocystis jirovecii, the development of a defined safety
profile for treatment with biologics in each geographlc area’
is crucial for clinicians!%13:14.15,

In Japan, postmarketing surveillance programs of all
cases treated with infliximab and etanercept were imple-
mented, revealing several important safety concerns for
these TNF inhibitors during the first 6 months of the thera-
py- These studies identified infection as the most important
serious adverse event (SAE) during treatment with the TNF
inhibitors!6:17. These studies, however, had serious deficien-
cies related to the absence of appropriate comparator groups
and the short tracking period. We therefore established the
Registry of Japanese Rheumatoid Arthritis Patients for
Longterm Safety (REAL) database in 2005 to compare the
safety’ of midterm to longterm treatment with biological
DMARD to treatment with nonbiological DMARD.

The primary purpose of our study was to use the
REAL database to compare the incidence of serious infec-
tions between TNF inhibitor-treated and nombiological
DMARD-treated patients with RA. A second objective was
to identify independent risk factors for serious infections in
this population.

MATERIALS AND METHODS
Data source. The REAL database is a hospital-based prospective cohort of
patients with RA administered by the Department of Pharmacovigilance of
the Tokyo Medical and Dental University. The ethics committee of the
Tokyo Medical and Dental University Hospital and those of the participat-
ing institutions approved our study. Twenty-three institutions participate in
REAL, including 15 university hospitals and 8 referring hospitals.
Enrollment to the REAL database began in June 2005.

The criteria for admission to the REAL database include those patients
(1) meeting the 1987 American College of Rheumatology criteria for RA;
(2) = 20 years old and able and willing to provide written informed consent
and comply with the requirements of the protocol, or, for those patients <
20 years, having parents or legal guardians willing and able to provide writ-
ten informed consent and to comply with the requirements of the protocol;
and (3) starting treatment with biologics (the exposed group) or nonbiolog-
ical DMARD (the nonexposed group) at the time of study entry. In addi-
tion, patients receiving treatment with nonbiological DMARD at the time
of study entry are also enrolled as the nonexposed group. Exclusion crite-
ria include (1) patient participation in a clinical trial for approval of drugs
at the time of enrollment or during the followup in the study, and (2)
patients withdrawing consent to join the study. We identified all patients
who were registered from the participating hospitals of our study to the
postmarketing surveillance programs for each biclogical DMARD that
were implemented by the comresponding pharmaceutical companies.
Participating physicians at each hospital enrolled all of these patients to the
REAL database. In addition, patients who fulfilled the inclusion criteria
were consecutively recruited for both groups by participating physicians at
each hospital.

Exposed group. Because infliximab was introduced in Japan in 2003, etan-
ercept in 2005, and adalimumab and tocilizamab in 2008, few data for
patients receiving adalimumab or tocilizumab were available in the REAL
database at the time we conducted our study. We therefore included only
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those patients with RA who had started infliximab or etanercept at enroll-
ment in the REAL database. Nonbiological DMARD were used for these
patients at the attending physicians’ discretion. Six hundred forty-six
patients were enrolled in the exposed group. Patients who switched from
infliximab to etanercept or etanercept to infliximab were included in the
analysis using the combined time of the treatment. For those pétients no
longer receiving either infliximab or etanercept, only the time of actual use
of these TNF inhibitors was analyzed.

Unexposed group. Four hundred ninety-eight patients were enrolled in the
unexposed group. At the time of enrollment in our study, 57.6% of the
patients in the unexposed group were being treated with methotrexate
(MTX), 20.3% with salazosulfapyridine, 18.7% with tacrolimus, and 13.9%
with bucillamine. Nonbiological DMARD used in fewer than 10 patients
were leflunomide, actarit, gold salt, auranofin, mizoribine, D-penicillamine,
and cyclosporine. Sixty-four patients (12.9%) of the unexposed group were
given combination therapy with > 1 nonbiological DMARD agent during
the observation period. Some patients who were initially enrolled in the
unexposed group received biologics when clinically indicated; the time peri-
od following this change was excluded from the analysis.

Data collection. Each patient’s recorded baseline data included demo-
graphy, disease activity, comorbidities, treatments, and laboratory data at
the start of the observation period. The same followup forms were used for
both groups and included queries about RA disease activity, treatments, lab-
oratory data, and occurrence and details of SAE. The followup forms were
submitted every 6 months by the participating physicians to the REAL Data
Center at the Department of Pharmacovigilance of Tokyo Medical and
Dental University. The participating physicians in each hospital confirmed
their submitted data to the REAL Data Center. Data were retrieved from the
REAL database on November 30, 2008, for our study.

Baseline characteristics of patients. The observation period for 646
patients in the exposed group was 5924 patient-years (PY). For 498
patients in the unexposed group, the observation period was 454.7 PY. In
the exposed group, 300 patients (272.1 PY) received infliximab but not
etanercept and 343 patients (320.3 PY) received etanercept but not inflix-
imab. Three patients were switched from infliximab to etanercept during
the observation period. The median length of the observation period was 1
year in both groups, and the percentage of patients followed up for a year
was 83.1% in the exposed and 82.1% in the unexposed group. Minimal
duration of followup was 2 months in the unexposed group and 3 months
in the exposed group. The primary reason for not having at least a full year
of followup in about 18% of the patients was that they were enrolled in the
REAL database for < 1 year before November 30, 2008, when the data were
retrieved from the database. Baseline data at the start of the observation
period for the patients are shown in Table 1. Compared to the unexposed
. group, the exposed group was younger (p < 0.001), had more severe dis-
eage activity (p < 0.001), was treated with higher dosages of MTX (p <
0.001) and corticosteroids (p = 0.001), and had failed a larger number of
DMARD (p < 0.001). Percentages of the patients on their first DMARD at
baseline were 30.1% for the unexposed group and 24.0% for the exposed
group (p < 0.012). Significantly more patients having comorbidities,
including chronic pulmonary diseases (p = 0.046) and diabetes (p = 0.024),
were seen in the exposed group compared to the unexposed group.

Definition of SAE. Our definition of an SAE was based on events described
in the report by the International Conference on Harmonization'®. In addi-
tion, bacterial infections that required intravenous administration of antibi-
otics, as well as opportunistic infections, including tuberculosis, P. jirovecii
pneumonia (PCP), systemic fungal infection, cytomegalovirus infection,
and herpes zoster were also regarded as SAE. The diagnosis of infections
was based on a physician’s clinical diagnosis, a comprehensive evaluation
based on physical findings, laboratory data, and radiological examinations.
The detection of infectious pathogens was not mandatory for making a
diagnosis of infection. SAE were classified using the System Organ Class
(SOC) of the Medical Dictionary for Regulatory Activities (MedDRA;
version 11.1).

Table 1. Comparison of patients with rheumatoid arthritis (RA) treated
with (exposed) and without (unexposed) the tumor necrosis factor-o (TNF)
inhibitors infliximab or etanercept at the start of the observation period.
Values are mean + SD unless otherwise stated. :

Exposed Group, Unexposed

Characteristics n =646 Group,n=498 p
Age, yrs 583132 614128 <0.001
Women, % 82.0 833 0.568
Disease duration, yrs 9586 92+92 0.654
Steinbrocker stage

(D orIV), % 55.1 43.8 < 0.001
DAS28 (3/CRP) 39x1.0, 28+10, <0.001

n=642 n =495

MTX use, % 69.0 60.2 0.002

MTX dose, mg/wk 716+£22 6.4+20 <0.001

MTX dose > 8 mg/wk, % 111 5.0 < 0.001
Use of immunosuppressive drugs,

except for MTX, %* 37 20.5 < 0.001
Corticosteroid use, %** 714 62.0 0.001
Prednisolone dose, mg/day 57x30 46x2.1 < 0,001

> 7.5 mg prednisolone/day, %  13.6 3.1 <0.001
No of failed DMARD 1.6+1.1 13+1.1 <0.001
Chronic pulmonary disease, %*** 214 16.7 0.046
Diabetes, % 107 6.8 0.024

* Including tacrolimus, leflunomide, mizoribine, and cyclosporine.
#* Converted to corresponding prednisolone dosage. *** Including inter-
stitial pneumonia, chronic obstructive pulmonary disease, bronchial asth-
ma, prior pulmonary tuberculosis, and bronchiectasis. DAS28: 28-joint
count Disease Activity Score; CRP: C-reactive protein; MTX: methotrex-
ate; DMARD: disease-modifying antirheumatic drug. T Number of
DMARD that were tried but did not bring about a response.

Statistical analyses. Serious infections observed within the first year of the
observation period were analyzed for each patient. The observation period
for the present analysis was defined as follows: for patients who initiated
treatment with the TNF inhibitors infliximab or etanercept or nonbiological
DMARD at the time of study entry, the start of the observation period was
the date these agents were first administered; for patients receiving the
treatment with nonbiological DMARD at the time of study entry, the start
of the observation period was the date of their enrollment in the REAL
database. The observations ended 1 year after the start of the observation
period, or on the day a patient died or met the exclusion criteria, or for the
exposed group, no longer received either infliximab or etanercept, or for the
unexposed group, started biologics, whichever came first. Patients were not
removed even after the development of SAE as long as they did not meet
the above criteria for censoring a patient. Considering the time it takes for
pharmacokinetic/pharmacodynamic effects and data to appear from previ-
ous studies of at-risk periodsé, we considered any SAE occurring within 90
days after the last administration of infliximab or etanercept that was with-
in the first year of the observation period to be attributable to the effects of
the TINF inhibitors. Because the length of the at-risk period (90 days) after
the date of discontinuation of treatment is more than 10 times as long as the
half-lives of the 2 TNF inhibitors (i.e., 8.1 days for infliximab and 4.8 days
for etanercept), we defined the date of drug discontinuation as the date of
last administration, instead of the date of the first missed dose, which was
the method used by another study®. The same number of SAE was found in
the exposed group of our study using either definition for the date of drug
discontinuation (data not shown). The date of the last administration of
infliximab or etanercept was retrieved from medical records and reported

- by the participating physicians.

The incidence rates (IR) per 100 PY and incidence rate ratios (JRR)
with their 95% CI were calculated. For univariate analysis, the chi-squared
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test for categorical variables and the Student t-test or Mann-Whitney U
tests for continuous variables were used for comparisons among groups.
For multivariate analysis, Poisson regression analyses were used to esti-
mate the risk of serious infection with the TNF inhibitors infliximab and
etanercept, and to identify any variable having a significant and independ-
ent influence on the development of serious infections. Variables that were
included in the multivariate analysis were chosen using the results of uni-
variate analysis. The analyses were conducted using SPSS (version 16.0,
SPSS Inc., Chicago, IL, USA) and R statistical language software (version
2.8.1, R Foundation for Statistical Computing, Vienna, Austria). All p val-
ues were 2-tailed and p < 0.05 was considered statistically significant.

RESULTS

Types and incidence rates of SAE. One hundred thirty-six
SAE were reported during the observation period, 41 in the
unexposed group and 95 in the group exposed to infliximab
or etanercept. Based on the SAE categories classified using
the SOC, infections and infestations were the most common,
followed by injury, poisoning, and procedural complica-
tions, in which fractures accounted for 76% (Table 2). In the
exposed group, there were 38 serious infections including
25 bacterjal, 11 opportunistic (6 cases of herpes zoster, 3
PCP, 1 pulmonary cryptococcosis, and 1 pulmonary nontu-
berculous mycobacterial infection), and 2 other infections.
In the unexposed group, 12 serious infections occurred,
including 8 bacterial, 3 opportunistic (1 each PCP, pul-
monary tuberculosis, and pulmonary nontuberculous
mycobacterial infection), and 1 viral infection. The respira-

Table 2. Categories of serious adverse events (SAE) using the system organ
class (SOC).

No. SAE in Study Patients

Exposed ~ Unexposed

System Organ Class Group, Group,
Allocation n =646 n =498 Total
Cardiac disorders 2 1 3
Endocrine disorders 1 0 1
Eye disorders 1 1 2
Gastrointestinal disorders 6 4 10
General disorders and administration

site conditions 2 1 3
Hepatobiliary disorders 4 4 8
Infections and infestations 38 12 50
Injury, poisoning, and procedural

complications 12 5 17
Metabolism and nutrition disorders 0 1 1
Musculoskeletal and connective

tissue disorders 1 1 2
Neoplasms benign, malignant, and

unspecified 4 5 9
Nervous system disorders 1 1 2
Renal and urinary disorders 3 2 5
Reproductive system and breast

disorders 1 0 1
Respiratory, thoracic, and mediastinal

disorders 14 2 16
Skin and subcutaneous tissue disorders 2 1 3
Vascular disorders 3 0
Total 95 41 136

tory system was the most frequent infection site (23 for the
exposed group and 9 for the unexposed group), followed by
skin and subcutaneous tissue (9 for the exposed and 1 for the
unexposed), urinary tract (1 for each group), and bone and
joints (1 for each group). The rates of treatment discontinu-
ation after serious infections were 2.19/100 PY in the
exposed group and 0.22/100 PY in the unexposed group.
The rate ratio comparing the exposed group with the unex-
posed group was 9.98 (95% CI 1.31-76.29), a significant
elevation. On the other hand, the rates of treatment discon-
tinuation after SAE other than serious infections were not
statistically different between the 2 groups [1.86/100 PY in
the exposed group and 0.66/100 PY in the unexposed group;
the rate ratio was 2.81 (95% CI 0.79-10.09)].

In the exposed group, the IR of SAE was 16.04/100 PY
and the IR of serious infection was 6.42/100 PY. The crude
IRR comparing the exposed group with the unexposed
group for SAE was 1.78 (95% CI 1.23-2.57) and for serious
infections was 2.43 (95% CI 1.27-4.65); both of these IRR
were significantly elevated (Table 3).

Contribution of TNF inhibitors to the development of seri-
ous infections. Because the background data of the patients
differed considerably between the exposed and unexposed
groups (Table 1), we performed univariate analysis to iden-
tify candidate risk factors for the development of seridus
infections (data not shown) and selected age, chronic pul-
monary diseases, Steinbrocker stage!?, disease activity, cor- -
ticosteroid dosage, and MTX dosage as covariates for multi-
variate analyses. We used the Poisson regression model to
evaluate the risk for development of serious infection from
the use of TNF inhibitors. The use of TNF inhibitors was
found to constitute a significant risk factor for serious infec-
tion. The relative risk (RR) was 2.37 (95% CI 1.11-5.05,
p = 0.026; Table 4).

Among the confounding factors, we found that these fac-
tors were independently associated with development of
serious infection (Table 4): increasing age (RR 1.82 per 10-
year increment; 95% CI 1.32-2.52; p = 0.00031), chronic
pulmonary diseases (RR 2.61; 95% CI 1.38-494; p =
0.0031), advanced disease (Steinbrocker stage Il or IV; RR
2.07;95% CI 1.07-3.97; p = 0.03), and dosage of MTX > 8
mg/week (RR 2.61; 95% CI 1.40-4.86; p = 0.0024). When

the dosages of MTX and prednisolone (PSL) were recatego-

rized as MTX use (yes/no), MTX dosage > 6 mg/week
(yes/no), PSL use (yes/no), and PSL dosage > 5 mg/day
(yes/no), or were used as continuous variables, the analyses
gave essentially the same results (data not shown).

Risk factors for infection during treatment with the TNF
inhibitors infliximab or etanercept. To identify the risk fac-
tors contributing to the development of serious infections
during treatment with infliximab or etanercept, we com-
pared the background data of those patients who did or did
not develop serious infections, using univariate analyses
(Table 5). The patients who developed serious infections
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Table 3. Number and incidence of serious adverse events (SAE) in patients with rheumatoid arthritis who were
treated with (exposed) and without (unexposed) the tumor necrosis factor-o inhibitors infliximab or etanercept.

Exposed Group, Unexposed Group,
n =646 n =498 Crude IRR

Event 59235 PY 454774 PY (95% CI)
All SAE, no. events 41 0

IR (/100 PY) 16.04 (12.81-19.26)  9.02 (6.26-11.78)  1.78 (1.23-2.57)
Serious infection, no. events 12

IR (/100 PY) 6.42 (4.38-8.46) 264 (1.15-4.13) 243 (1.27-4.65)
Serious respiratory tract infection, no. events 9

IR (/100 PY) 3.88 (2.30-5.47) 1.98 (0.69-3.28)  1.96 (0.91-4.24)

PY: patient-years; IR: incidence rate; IRR: incidence rate ratio.

Table 4. Multivariate analysis of independent risk factors for serious infec-
tions in the Registry of Japanese Rheumatoid Arthritis Patients for
Longterm Safety (REAL) database. The relative risk (RR) of biologics for
development of serious infection for up to 1 year of the observation period
was calculated using the Poisson regression model after adjusting for the
confounding factors of age, chronic pulmonary disease, Steinbrocker
stage, disease activity, corticosteroid dosage, and methotrexate dosage.

Table 5. Comparison of background data for patients with rheumatoid
arthritis (RA) who were treated with the tumor necrosis factor inhibitors
infliximab or etanercept. Values are mean =+ SD, unless otherwise stated.

RR (95% CI) P

TNF inhibitor* (yes)
Age, by decade
Chronic pulmonary disease (yes)

2.37 (1.11-5.05) 0.026
1.82 (1.32-2.52) 0.00031
2.61 (1.38-4.94) 0.0031

Stage 1L or IV (vs Stage I or II)** 2.07 (1.07-3.97) 0.030
MTX dose > 8.0 mg/iwk 2.61 (1.40-4.86) 0.0024
DAS28 (3/CRP) . 0.87 (0.66-1.14) 0.31
Prednisolone dose > 7.5 mg/da 1.21 (0.58-2.55) 0.61

* Infliximab or etanercept. ** Steinbrocker classification!® was used to
define RA disease stages. TNF: tumor necrosis factor-o; DAS28: 28-joint
count Disease Activity Score; CRP: C-reactive protein; MTX: methotrexate.

were significantly older (p < 0.001) and had longer disease
duration (p = 0.008) as well as more advanced disease
(Steinbrocker stage III or IV; p = 0.01). The percentages of
patients given corticosteroids and having chronic pulmonary
diseases were higher for patients who developed serious
infections. The contributions of age, disease duration, corti-
costeroid use, and chronic pulmonary disease to the devel-
opment of serious infections in the exposed group were ana-
lyzed using the Poisson regression model. This multivariate
analysis showed increasing age per 10-year increment (RR
1.97; 95% CI 1.34-2.84) and the use of corticosteroids (RR
2.97; 95% CI 1.04-8.50) to be significantly associated (p =
0.00058 and p = 0.042, respectively) with the development
of serious infection during TNF inhibitor therapy.

DISCUSSION

In our prospective study of a Japanese hospital-based cohort
of patients with RA, the multivariate analysis demonstrated
that treatment with the biologic TNF inhibitors infliximab or
etanercept was associated with an increased risk for serious
infections. Increasing age, chronic pulmonary diseases, an

Without
Infection, Infection,
Factors n=612 n=34 P
Age, y1s 579+133 67.1+81 <0001

Women, % 82.0 824 0961
RA disease duration, yrs 9385 130+102 0.008
Steinbrocker stage

(I or IV), %* 539 764 0010

DAS28 (3/CRP) 3910 37+12 0356
MTX dose mg/wk 52+39 56+42 0.387
Use of immunosuppressive drugs

except for MTX, %** 38 29 0.636
Corticosteroid use, % 620 714 0.001
Prednisolone dose, mg/day*** 40+36 4734 0214
Chronic pulmonary disease, %' 204 382 0014
Diabetes, % 10.3 176 0.143

* Steinbrocker classification!® was used to define RA disease stages.
#* Including tacrolimus, leflunomide, mizoribine, and cyclosporine.
##% Converted to corresponding prednisolone dosage. ¥ Including intersti-
tial pneumonia, chronic obstructive pulmonary disease, bronchial asthma,
prior pulmonary tuberculosis, and bronchiectasis. DAS28: 28-joint count
Disease Activity Score; CRP: C-reactive protein; MTX: methotrexate.

advanced disease stage of RA, and dosage of MTX were
also identified as independent risk factors for serious infec-
tions in this population.

The IR of serious infection in the exposed group (6.4/100
PY: 95% CI 4 .4-8.5) is comparable to those reported previ-
ously [6.2-6.4/100 PY from a German RA registry and
6.1/100 PY (95% CI 5.7-6.5) from a British RA registry]>S.
Our data were also consistent with the results of the post-
marketing surveillance programs in Japan, which found the
IR of serious infection during the first 6 months of anti-TNF
therapy was 8.1/100 PY in patients treated with infliximab
and 7.7/100 PY for those treated with etanercept!6:17:20,
Schneeweiss, et al® reported a lower IR for serious infection,
4.8/100 PY (95% CI 3.1-6.6), in patients receiving TNF
inhibitors. This difference from our results can probably be
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explained by variations in such methodologies as inclusion
criteria or definition of infectious events. Schneeweiss, et
al® focused on hospitalizations of elderly patients due to
serious bacterial infections while being treated with TNF
inhibitors. The IR of SAE and serious infections in the unex-
posed group of our study were similar to those of other clin-
ical trials conducted in Japan?!22:23 as well as to those
reported from 4 European registries (IR 2.3-3.9/100
PY)>682, Thus, we postulate that our results did not under-
estimate the risk of serious infections during treatment with
nonbiological DMARD. Examining the infection sites in
our study, the respiratory system was the most frequent site
for both exposed and unexposed groups, followed by skin
and subcutaneous tissue, which is consistent with other epi-
demiological studies of patients with RA724,

Evaluating patients with RA for predisposing factors for
infection prior to initiating TNF inhibitor therapy is impor-
tant. The independent risk factors identified in our study
were in overall agreement with previous reports of predic-
tors of infection among patients with RAZ’, First, the asso-
ciation of corticosteroid use with serious infection, as shown
by the multivariate analysis of the exposed group, is consis-
tent with several reports describing corticosteroid use as an
important risk factor for infection®®. The relatively low
number and rate of serious infections in the unexposed
group probably resulted in a lack of enough power to detect
the risk from corticosteroid in the analysis of the total pop-
ulation of our study. Second, finding an association between
Steinbrocker stage and increased risk for serious infection is
also supported by the results of the postmarketing surveil-
lance of infliximab in Japanese patients with RA, which
found that Steinbrocker stage III or IV was a predictor for
bacterial pneumonia by multiple logistic regression analy-
sis!6. It has been reported that the Health Assessment
Questionnaire (HAQ) score is associated with serious infec-
tion in patients with RA7-!1, Because the HAQ comprises
disease activity-related and joint damage-related compo-
nents?, it is plausible that joint damage can be a risk factor
for serious infection. The results of our study and those of
postmarketing surveillance of infliximab in Japan!6 support
this concept. Third, we found that MTX dosage was associ-
ated with increased risk of serious infection; however, this
association disappeared when the unexposed and exposed
groups were analyzed separately. According to some reports
using cohorts much larger than ours, the immunosuppres-
sive DMARD, such as leflunomide, cyclosporine, and aza-
thioprine, were associated with an increased risk of infec-
tion, but MTX was not327. Others have found the use of
MTX to be a risk factor for infection in patients with RA%.
Further studies are needed to assess any association between
MTX dosage and serious infection in a larger number of
Japanese patients with RA.

Our study provides the first pharmacoepidemiological
evidence of the safety of treatment with the TNF inhibitors

infliximab or etanercept in Japanese patients with RA, com-
pared to nonbiological DMARD. In our study cohort, treat-
ment with infliximab or etanercept was associated with
increased risk for serious infections when compared to treat-
ment with nonbiological DMARD. The results of our study
suggest that careful pharmacovigilance procedures are
essential to insure safe use of TNF inhibitors in patients with
RA.
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Systemic sclerosis (SSc) is a chronic disease of unknown etiology that is characterized by multiple tissue
fibrosis. Transforming Growth Factor-beta (TGF-B) is thought to be the most important mediator that
induces fibrosis. However, the molecular mechanisms by which fibrosis is induced have not been fully
elucidated. In this study, the role of activin, a member of the TGF-§ superfamily, was investigated in the
pathogenesis of fibrosis in SSc. Serum activin A levels in patients with SSc were measured by ELISA, and
the expression of the activin receptor type IB (ACVRIB/ALK4) and the activity of the signaling pathway via

g‘;}s’z ‘r)r:jcss clerosis ACVRIB/ALK4 were investigated using western blotting. To evaluate a potential therapeutic strategy for
Fibroblasts SSc, we also attenuated the ACVRIB/ALK4 pathway using an inhibitor. Serum activin A levels were
Activin significantly higher in SSc patients than in normal controls. Activin A and ACVRIB/ALK4 expression were

ALK also higher in cultured SSc fibroblasts. Activin A stimulation induced phosphorylation of Smad2/3 and
CTGF expression in SSc fibroblasts. Procollagen production and Colla. mRNA also increased upon stim-
ulation by activin A. The basal level of Smad2/3 phosphorylation was higher in cultured SSc fibroblasts
than in control cells, and treatment with the ALK4/5 inhibitor SB431542 prevented phosphorylation of
Smad2/3 and CTGF expression. Furthermore, production of collagen was also induced by activin
A. Activin A-ACVRIB/ALK4-Smad-dependent collagen production was augmented in SSc fibroblasts,
suggesting the involvement of this signaling mechanism in SSc. Inhibition of the activin A-ACVRIB/ALK4-
Smad pathway would be a new approach for the treatment of SSc.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Systemic sclerosis (SSc), a systemic disorder characterized by
tissue fibrosis of the skin and other organs, is often associated with
extensive vascular damage resulting in Raynaud’'s phenomenon.
The molecular mechanisms of fibrosis in SSc have been studied for
many years. It is known that increased extracellular matrix (ECM)
proteins, particularly type 1 collagen, vascular damage and aber-
rant immune activation are involved in the pathogenesis of fibrosis.
However, the molecular mechanisms responsible have not yet been
fully elucidated, although we do know that cytokines and growth
factors are critical for the regulation of fibroblast activation.
Because of its prominent profibrotic function, the transforming
growth factor-beta (TGF-B) signaling pathway has been extensively
studied [1-5]. Alterations to the TGF-B signaling pathway,
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including up-regulation of TGF-B receptor(s), have been reported
[1—4] and suggest that the constitutively elevated synthesis of ECM
is due to the overactivation of TGF-p signaling. TGF-f binds either to
the type IlI TGF-B receptor (TBRIII), which presents it to the type II
receptor (TPRI), or directly to TBRI on the cell membrane.
The binding of TGF-8 to TBRII then leads to binding of the type I
TGF-B receptor (TBRI). This type I receptor is also known as activin
receptor-like kinase 5 (ALK5), which is then phosphorylated by the
type Il receptor. After being activated, the TBRI/ALKS5 protein kinase
phosphorylates the transcription factors Smad2 or Smad3. Phos-
phorylated Smad2 or Smad3 bind to Smad4, the common Smad,
and the resulting complex moves from the cytoplasm into the
nucleus. In the nucleus, the Smad complex interacts in a cell-
specific manner with various other transcription factors [6—8] and
then trans-activates fibrosis-associated genes such as type I
collagen and CTGF [6] [9].

Activin is a TGF-B superfamily member that was originally
identified as an inducer of follicle-stimulating hormone (FSH)
release from the pituitary. It is also a dimeric protein that consists of
two activin B subunits and exists in three distinct forms: activin A
(BABA), activin B (BBBB), and activin AB (BAPB). All of these forms
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initially bind to the type II activin receptor (ACVRII or ACVRIIB) and
then recruit the type I receptor (ACVRIB; ALK4). Receptor hetero-
dimerization subsequently results in phosphorylation and activa-
tion of Smad2/3, as it does after activation by TGF-B [10]. Activin
exerts many functions in cell proliferation, differentiation,
apoptosis, metabolism, homeostasis, immune response, wound
repair, and endocrine function [10]. With regard to connective
tissue function, activin A is strongly expressed in wounded skin and

acts in wound repair and skin morphogenesis through stimulation -

of keratinocytes and stromal cells [11]. Activin also participates in
tissue regeneration by accelerating capillary formation and
inducing fibroblast growth factor (FGF) expression [12], as
demonstrated by the overexpression of activin A in the epidermis of
transgenic mice and the resulting improved wound healing and
decreased scar formation [11,13]. A series of studies has implicated
activin A in the pathogenesis of fibrosis, especially bleomycin-
induced pulmonary fibrosis [14—17] and fibrosis of the liver [18,19],
pancreas [20], and kidney [21,22]. The mechanism of fibrosis by
activin A is speculated to be via CTGF expression [12,23].

There is strong evidence for a genetic role in SSc pathology, but
this evidence is still not compelling by traditional genetic princi-
ples. cDNA expression microarray analysis revealed that ACVRIB/
ALK4 is highly expressed in SSc monozygotic twins [24], which
prompted us to investigate the role of activin A in the regulation of
SSc fibrosis. We found that activation of the activin A-ACVRIB/
ALK4-Smad pathway plays a critical role in fibroblastic change in
SSc and that this pathway would be a potential therapeutic target
for SSc.

2. Materials and methods
2.1. Study participants

SSc patients were diagnosed using the classification criteria of
the American College of Rheumatology and were classified into two
subsets—the diffuse cutaneous type and the limited cutaneous
type—according to LeRoy's criteria. Patients with overlapping
syndromes were excluded from this study. The present study was
approved by the ethical committee of our institution (Institute of
Rheumatology, Tokyo Women'’s Medical University), and informed
consent was obtained from all patients.

2.2. Cells and cell culture

Skin biopsies from the dorsal forearm were performed as
a diagnostic procedure in patients with SSc of the diffuse cutaneous
type and from age-and gender-matched healthy volunteers
(normal controls) after informed consent. No medical interven-
tions, including administration of corticosteroid or immunosup-
pressive agents, were performed before skin biopsy. After the skin
biopsy specimen had been washed in phosphate-buffered saline
(PBS) with penicillin/streptomycin in a Petri dish, the tissues were
transferred to a new Petri dish, where minced pieces adhered to the
plastic surface. RPMI1640 (Invitrogen, Carlsbad, CA) with 10% fetal
bovine serum (FBS) with penicillin/streptomycin was carefully
added into a Petri dish after a 30 min incubation on room air.
Minced tissues were cultured at 37 °C with 5% CO, for several days.
When the cells spread around the minced tissues were of a suffi-
cient quantity, they were detached with 0.05% trypsin and 0.5 mM
EDTA and plated in 25 cm? culture flasks for proliferation. Cells
were passaged at a split ratio of 1—3 after reaching high confluence.

Established fibroblasts were cultured in Dulbecco's modified
Eagle’s medium (DMEM, Invitrogen) containing 10% fetal bovine
serum (Invitrogen). Cells from the third to fifth passages were used
in the current study.

2.3. Immunohistochemical staining

Indirect immunoperoxidase staining on formaldehyde-fixed,
de-paraffinized tissue sections was performed using the Vectastain
Elite kit (Vector, Burlingame, CA) with DAB substrate. Anti-ACVRIB/
ALK4 antibody (MAB222, R & D Systems, Minneapolis, MN) was
used as the primary antibody at a 1:50 dilution.

For immunocytological staining, cells were fixed with 4% para-
formaldehyde and blocked with 5% horse serum. Anti-activin A
antibody (AF338, R & D Systems) was used as the primary antibody,
which was detected using horseradish peroxidase (HRP)-conju-
gated anti-rabbit antibody with DAB substrate.

24. Quantitative reverse transcription-polymerase chain reaction
(RT-PCR)

RNAs were extracted using TRI Reagent (Invitrogen) according
to the manufacturer’s instructions. For real-time PCR analysis, the
RNA was treated with DNase I (Invitrogen), and cDNA was gener-
ated using SuperScript HlI (Invitrogen) with Oligo dT primers. Real-
time PCR analysis was carried out on Chromo4 (Bio-Rad, Hercules,
CA) using the TagMan Gene Expression Assays (Applied Bio-
systems, Foster City, CA) for COL1A and GAPDH.

2.5. Western blotting

Aliquots of 1 x 108 cells were washed with PBS and lysed in RIPA
buffer (150 mM NaCl, 1.0% NP-40, 0.1% SDS, 0.05% sodium deoxy-
cholate, 5 mM EDTA, and 10 mM Tris—HCl, pH 7.4) containing
protease inhibitors. Protein concentration was measured using the
DC protein assay (Bio-Rad). After being boiled with SDS sample
buffer (2% SDS, 10% glycerol, 5% 2-mercaptoethanol, 0.002% bro-
mophenol blue, and 62.5 mM Tris—HCl, pH 6.8), 30 ug of protein
was subjected to SDS-PAGE. To detect ACVRIB/ALK4, cells were
directly lysed in SDS sample buffer with ultrasound sonication and
then subjected to SDS-PAGE. After transfer to Cellulose Nitrate
Membranes (Whatman, GE Healthcare, Pollards Wood, UK), the
blots were blocked with 5% skim milk and probed with anti-Smad
2/3 antibody (Cell Signaling, Danvers, MA), anti-phospho-Smad2
(Ser 465/467, Cell Signaling), anti-CTGF (L-20, Santa Cruz, Santa
Cruz, CA), anti-ACVRIB/ALK4 (ab78415, Abcam, Cambridge, UK) or
anti-B-actin (Sigma—Aldrich, St. Louis, MO) antibodies. Primary
antibodies were detected by binding HRP-conjugated anti-rabbit
or -mouse second antibody (GE Healthcare) with ECL chem-
iluminescence (GE Healthcare).

2.6. Measurement of type I procollagen and activin A

Cultured fibroblasts were prepared at a density of 40,000 cells/well
in 24-well culture plates with DMEM plus 10% FBS. After 24 h of
culture, the medium was removed, and the cells were cultured in
serum-free medium (QBSF-5, Sigma—Aldrich). Concentrations of type
I procollagen in the fibroblast supernatants were measured using
a Procollagen type 1 C peptide (PIP) EIA kit (TAKARA, Otsu, Japan).
The activin A concentration in serum and cultured supernatant was
measured using a Quantikine ELISA kit (R & D Systems).

2.7. Reagents

Recombinant human activin A (338-AC) and recombinant
human follistatin were purchased from R & D Systems. ALK-4
inhibitor (SB431542) was purchased from TOCRIS Bioscience
(Ellisville, MO).
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2.8. Statistical analysis

The statistical analysis was carried out using non-parametric
t-tests. The Wilcoxon test was performed to compare the paired
treatments. A probability value of p < 0.05 was considered statis-
tically significant.

3. Results
3.1. ACVRIB/ALK4 is abundantly expressed in SSc patient ﬁbroblaSts

The expression level of ACVRIB/ALK4 was investigated by
immunohistochemistry using skin biopsy specimens. Normal
control and SSc patient-derived skin specimens both showed
positive ACVRIB/ALK4 expression (Fig. 1A), but the amount of
expression seen in the SSc-derived skin specimens was relatively
higher. To more precisely evaluate the expression of ACVRIB/ALK4,
we performed western blotting analysis using cultured fibroblasts
established from normal control and sporadic SSc patients. The SSc
fibroblasts showed strikingly increased expression of ACVRIB/ALK4
(Fig. 1B), suggesting ACVRIB/ALK4 involvement in $Sc pathogenesis.

3.2. Activin a expression is elevated in skin fibroblasts
and sera of SSc patients

We also investigated levels of activin A, the ligand for ACVRIB/
ALK4, in fibroblasts, cultured serum, and serum from SSc patients.

A Control

ACVR1B

Control lgG3

B Control

Although activin A was detected in both normal control and
SSc-derived cultured fibroblasts (Fig. 2A), activin A secretion into
cultured supernatant was much higher in SSc-derived fibroblasts
than in control supernatant (Fig. 2B). Additionally, in a clinical
setting, serum activin A levels were significantly higher in SSc
patients than in normal controls, with diffuse cutaneous SSc having
a much higher concentration of activin A serum levels than limited
cutaneous SSc (Fig. 2C). These observations suggest that the degree
of skin fibrosis may correlate with the level of serum activin.

3.3. The activin A-ACVRIB/ALK4 pathway is activated in SSc
fibroblasts

The ACVRIB/ALK4 receptor signals through the Smad pathway,
which was investigated using a phospho-specific antibody.
Surprisingly, phosphorylation of Smad2/3 was strikingly augmented
in SSc fibroblasts without any activin stimulation. The addition of
a neutralizing antibody (MAB222) attenuated the phosphorylation
of Smad2/3 in normal and SSc fibroblasts, while the addition of the
ALK4/5 inhibitor SB431542 completely blocked this process (Fig.3A).
To gain further insight into the role of the activin A-ACVRIB/ALK4
signaling pathway in SSc pathogenesis, normal and SSc-derived
fibroblasts were stimulated with activin A. Phosphorylation of
Smad2/3 was decreased to undetectable levels after serum starva-
tion with extensive washing with serum-free medium. Subsequent
stimulation with activin A-induced phosphorylation of Smad2/3,
and the addition of SB431542 blocked phosphorylation of Smad2/3

$8c¢

ACVR1B

Fig. 1. A, Immunohistochemical analysis of ACVRIB/ALK4 expression in normal and SSc-derived skin specimens. B, Western blot analysis of ACVRIB/ALK4 expression (two normal
control-derived fibroblasts and two SSc-derived fibroblasts). Representative data from duplicate experiments are shown.
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Fig. 2. A, Immunocytological staining of activin A. Normal and SSc-derived fibroblasts were stained with an anti-activin A antibody. Representative data from duplicated exper-
iments are shown. B, The concentration of activin A was measured by an ELISA assay using cultured supernatants at the indicated time point. The open column is cultured
supernatant from normal control, and the closed column is cultured supernatant from SSc-derived fibroblasts, C, Serum activin A concentration was measured by an ELISA assay
(ISSc, limited cutaneous SSc; dSSc, diffuse cutaneous SSc). Data were obtained from triplicate experiments. The mean values are shown in a bar graph with standard errors.

(Fig. 3B). Interestingly, the phosphorylation of Smad2/3 was
augmented in SSc-derived fibroblasts compared to controls. Because
CTGF significantly impacts collagen production and is regulated by
the Smad2/3 signaling pathway, we measured its expression and
found that CTGF expression was also induced by activin A stimula-
tion, again with augmented expression in SSc-derived fibroblasts.
These experiments establish an important role for the activin
A-ACVRIB/ALK4-Smad pathway in SSc fibroblasts and suggest the
autocrine activation of activin A~ACVRIB/ALK4-Smad2/3.

3.4. Effects of activin A on collagen production in normal fibroblasts

Increased CTGF expression following activin A stimulation
suggests that the production of procollagen might also be stimu-
lated by activin A. Procollagen production and Colla. mRNA
expression were investigated in normal fibroblasts after activin A
stimulation, and we found that activin A treatment induced Colla
mRNA expression in a dose- and time-dependent manner and
increased the production of procollagen (Fig. 4A and B).

3.5. An ALK inhibitor as a potent therapeutic agent for SSc

Attenuation of Smad pathway activation in SSc fibroblasts, using
either an ACVRIB/ALK4 neutralizing antibody (MAB222) or an ALK
inhibitor, prompted us to investigate the possibility of a new
therapeutic approach for SSc. SB431542 was examined to evaluate
whether they are capable of blocking collagen production.
SB431542 blocks both the activin A-ACVRIB/ALK4 and the TGF-
B-ALK5 pathways. The treatment of fibroblasts with SB431542
attenuated activin A-induced procollagen production in a dose-
dependent manner, especially in SSc-derived fibroblasts (Fig. 5).

4. Discussion

The relationship between the TGF-B pathway and fibrosis has
been well characterized in patients with SSc¢ [2,3,25—27]. In contrast
to our observation of increased expression of activin A-ACVRIB/
ALK4 and activation of the downstream Smad pathway in SSc
fibroblasts, the production of TGF-B is equivalent between normal

Fig. 3. Ligand-induced activation of the Smad signaling pathway examined by western blot analysis. A, 1 x 10° cells were plated into 6 cm plate the day before experiment. After
washing the cell with PBS, cells were serum-starved for 3 h and then treated with PBS or an anti-ACVRIB/ALK4 neutralizing antibody (MAB222) at a concentration of 100 ng/ml,
with or without SB431542 (5 uM final) for 1 h. Then, cells were subjected western blotting analysis. B, 1 x 10° cells were plated into 6 cm plate the day before experiment. After
washing the cell with PBS, cells were serum-starved and pretreated with DMSO or SB431542 (5 uM final) for 3 h. Cells were then stimulated with PBS or rActivin A at
a concentration of 10 ng/ml for 4 h under DMEM with FBS. Then, cells were subjected western blotting analysis. Representative data from triplicate experiments are shown.
Phosphrylation of SMAD was quantitated by densitometry (Image J), and values were provided as a bar graph beneath the gel data.
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Fig. 4. A, The expression of COL1a, mRNA was quantified using real-time quantitative PCR. B, The production of procollagen type I was measured by an ELISA after treatment with
recombinant activin A at various concentrations: @ 10 ng/ml, B 2 ng/ml, [ 0.5 ng/ml, and [J PBS. Data were obtained from triplicate experiments, The mean values are shown in

a bar graph with standard errors. *: P < 0.01.

and SSc fibroblast cell lines [28]. Therefore, the explanation of SSc
etiology using only the TGF-B signaling pathway is insufficient, as
many undetermined factors are likely involved in the development
of SSc. ACVRIB/ALK4 is a receptor for the TGF-8 superfamily of
signaling ligands. However, the relationship between the activin A
pathway and fibrosis in patients with SSc has not been thoroughly
investigated. Our observations and several previous reports that
describe activin A-induced fibrosis in various organs provide the
possibility of an activin A contribution to the development of SSc.

As described in Fig. 3a, activin A-ACVRIB/ALK stimulation
strikingly activated Smad pathway. However, faint phosphorylation
of Smad is still detected even signaling pathway was blocked by
neutralizing antibody to ALK. Smad pathway is utilized by not only
activin  A-ACVRIB/ALK but also TGF-B—TBRII stimulation. This
observation raised the possibility that phosphorylation of Smad is
partially achieved by indirect effect such as TGF-B, and suggested
the presence of autocrine like secretion of TGF-B by Activin
A-ACVRIB/ALK activation.

Interestingly, activin demonstrates both pro- and anti- inflam-
matory effects. Synovial concentrations of activin A are elevated in
patients with rtheumatoid arthritis but not in those with osteoar-
thritis [29]. Activin A accelerates the proliferation of fibroblast-like
synoviocytes, and several reports suggest that activin A induces
pro-inflammatory cytokines such as interleukin-1 § (IL-1 B) and
tumor necrosis factor (TNF) o that may contribute to fibrosis
development [30,31]. In contrast, IL-1 B, TNFa, and TGF-p activate
fibroblast-like synoviocytes to secrete activin A, suggesting
a significant role for activin as a positive regulator of the inflam-
matory cytokine feedback loop [30]. Activin also affects anti-
inflammatory action involving inflammatory cytokine production
[29,32]. These dual roles of activin in inflammatory tissue are
tightly regulated, and understanding how its functions are linked to
fibrosis and inflammation requires further evaluation.

The development of fibrosis in SSc patients involves many factors
in addition to cytokine signaling. We have previously reported that
nitric oxide (NO) production is markedly increased in early-stage
diffuse cutaneous SSc patients with active fibrosing alveolitis and
that constitutive inducible nitric oxide synthase (iNOS) expression

in SSc fibroblasts may contribute to increased NO production [33].
Nitric oxide (NO) production via iNOS was observed in response to
activin A, strongly suggesting a link between NO and activin
A-dependent fibrosis in patients with SSc [31].

We also previously reported that aberrant angiotensin II (Ang II)
production may be involved in tissue fibrosis through the excessive
production of extracellular matrix components in SSc dermal
fibroblasts [34]. Ang Il increases the binding capacity of TGF- and
upregulates the expression of the TGF-B type I receptor
(TBRI/ALKS), which may counteract the Ang II-promoted growth of
vascular smooth muscle cells [35]. Abnormal Ang II production
in SSc fibroblasts could explain the increased expression of ACVRIB/
ALK4 in these pathological cells.

Fibroblast-specific constitutively active TBRI/ALK5 transgenic
mice share the remarkable fibrotic phenotype observed in SSc
patients [36]. Keratin 14 promoter-driven activin A transgenic mice
show abnormalities in their skin in which fatty tissue is replaced by
connective tissue, and a severe thickening of the epidermis is seen
[13]. These observations are similar to those resulting from
connective tissue fibroblasts in SSc¢ patients.

Activin A also participates in the wound repair process [37].
However, the hyperactivated cytokine network in SSc skin induces
cell damage in connective tissue instead of promoting healing. It is
speculated that a recycling wound repair process is occurring in SSc
skin continuously, secondary to persistent connective tissue
damage. It is hypothesized that development of SSc is a final feature
of this recycled regeneration, proliferation, and death in connective
tissue. Activation of the activin A pathway may provide an
uncontrollable wound repair process in pathological SSc skin, or it
may provide a controlled, recycled wound repair process as seen in
normal skin.

No selective therapy for SSc has been established until now.
Inhibition of TPRIJALK5 using the selective inhibitor SD208 or
SB41352 reduced the fibrotic marker expression with SSc-derived
fibroblasts [38,39]. Using several methods, we observed that inhi-
bition of the activin A pathway attenuated collagen production in
cultured fibroblasts, especially in SSc-derived fibroblasts. Follistatin,
which binds activin with high affinity and blocks activin signaling,
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Fig. 5. Production of procollagen type I was attenuated by SB431542 treatment. Cells
were pretreated with [ DMSO, @ SB431542 (final 5 pM) for 3 h. Then cells were
stimulated with PBS or rActivin A at a concentration of 10 ng/ml. Production of pro-
collagen type I was measured at the indicated time points. Data were obtained from
triplicate experiments. The mean values are shown in a bar graph with standard errors.
*: P < 0.05.

could be a candidate for biomodulation therapy because the
administration of recombinant follistatin has been shown to
attenuate belomycin-induced lung fibrosis [14] and CCls-induced
liver fibrosis in vivo [40]. Neutralizing antibodies for the activin A
receptors are another candidate for biomodulation therapy for SSc,
and recent advances in antibody-mediated therapy encourage the
development of therapeutic trials. Several ALK inhibitors have been
developed for cancer therapy, and clinical trials are underway. These
compounds could also be potential therapeutic agents for SSc.
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Absitract

Objective. The aim of this study is to establish a detection. method for anti-N-methyl-p-aspartate receptor
subunit 2A (NR2A) antibody and to evaluate the relationship between anti-NR2A antibody and various
organ involvement in SLE.

Methods. Serum anti-NR2A antibody was measured by ELISA using a peptide with a core of either
DWEYS or DWDYS as autoantigen. Additionally, clinical characteristics were compared between 27
anti-NR2A antibody-positive (P group) and 80 antibody-negative (N group) SLE patients using DWDYS
peptide. ‘

Results. The optical density (OD) values of anti-NR2A antibody using DWDYS and DWEYS peptides
correlated significantly (r=0.94, P <0.0001). The median OD value was significantly higher (P <0.0001)
with DWDYS. Additionally, the SLEDAI was significantly higher {(P=0.023) in the P group. The frequency of
neuropsychiatric SLE (NPSLE) was significantly higher (P=0.0002) in the P group, although the frequen-
cies of serositis and nephritis were not statistically significant. Significant correlations were found between
anti-NR2A antibody and leucocyte count (75 =—0.31, P=0.001) and haemoglobin (rs=—0.42, P <0.0001),
although no correlation was found between anti-NR2A antibody and the titre of anti-dsDNA antibody.
NPSLE was the most significant independent variable (P=0.0008) associated with anti-NR2A antibody
positivity, as estimated by muitiple linear regression analysis.

Conclusion. Serum anti-NR2A antibody can be associated with the complication of NPSLE and may
indicate the involvement of non-nervous tissue. The use of peptides that include DWDYS is preferable
to detect anti-NR2A antibody in ELISA.

Key words: Systemic lupus erythematosus, N-methyl-p-aspartate receptor, Neuropsychiatric involvement,
Autoantibody.

brain disorders, including stroke, chronic neurodegenera-
tion, epilepsy and schizophrenia [2-5]. Additionally, anti-
N-methyl-o-aspartate receptors (NMDARs) are ligand-  NMDAR antibody-associated encephalitis has been
gated ion channels with crucial roles in synaptic transmis- reported recently [6-8]. NMDARs are also located in
sion and CNS plasticity. The receptors are heteromers of non-neuronal tissues, such as bone, skin, pancreas and
NMDAR  subunit 1 (NR1), which binds glycine, and  megakaryocytes [9-11]. Glutamate signalling via NMDAR
NMDAR subunit 2 [NR2 (A, B, C or D)}, which binds glu-  functions in both non-nervous and nervous tissues.

tamate [1]. NMDAR dysfunction is implicated in multiple SLE is a multi-system inflammatory disorder character-
ized by the presence of autoantibodies directed against
DNA. Anti-DNA antibodies cross-react with NR2 and
damage neurcnal cells via an apoptotic pathway [12].
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However, not all anti-DNA antibodies are able to cross-
react with NR2 completely. The frequency of anti-NR2
antibody positivity has been reported to be ~30% in pa-
tients with SLE [13]. Although anti-NR2 antibody in
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