WB: anti-1L-1RI1I ab

WB: anti-HAX-1 ab

Fig.8. Depietion of IL-1RIl and HAX-1 by RNA interference. A DNA fragment
that targeted the sequence in the ORFs of IL-1RIl and HAX-1, and a control
with a corresponding random sequence were obtained and were cloned into
pSilencer 3.1H1-neo, an siRNA-expressing vector. Stable transfectants selected
by G418 were cultured in DMEM plus 10% FBS for 72 h, and cell lysates were
prepared by sonication. The cell lysates from various transfectants were
resolved in 15% SDS/PAGE and transferred to nitrocellulose membrane.
Anti-IL-1RIl Ab (Upper) and anti-HAX-1 Ab (Lower) were used to perform
Western blotting (WB). Lane 1, siRNA vector that contained the sequences of
IL-1RII; lane 2, siRNA vector that contained random sequences for IL-1RIl; lane
3, siRNA vector that contained the sequences of HAX-1; lane 4, siRNA vector
that contained random sequences for HAX-1.

involved in the transcriptional activation of several proteins.
Although IL-1a was traditionally understood to exhibit biolog-
ical functions such as inflammation, autoimmunity, and fibrosis
through IL-1 receptors on the cell surface, the abovementioned
findings and this study strongly support the theory of a nuclear
site of action for IL-la.

Another important finding is a role of IL-1RII, which binds
pre-IL-1a inside human fibroblasts that are derived from SSc.
McMabhon et al. (17) and Sims ef al. (18) reported that IL-1RII
is a cell-surface receptor on B lymphocytes and neutrophils with
a binding affinity for IL-1a, pre-IL-1q, and IL-1p, but it is not
capable of the signal transduction of IL-1 because of the lack of
the endoplasmic domain. Our current results revealed that
IL-1RII combined with pre-IL-la plays a crucial role in the
biological features of pre-IL-la within SSc fibroblasts. We also
found the differential expression of IL-1RII between SSc (n =
5) and normal fibroblasts (» = 3) at the cellular mRNA and
protein levels. Constitutive expression of IL-1R1I, as well as
pre-IL-1a, may be an important phenotype of SSc fibroblasts,
although the mechanisms whereby intracellular IL-1RII was
highly expressed in SSc fibroblasts remain to be clarified.

Suzuki er al. (19) first identified the HAX-1 protein by
screening the proteins that interact with HS1 (hematopoietic
lineage cell-specific protein 1). HS1 is B cell-signaling protein
and is one of the major substrates of the Src and Syk/Zap-70
kinases (20). The HS1 protein mainly exists in the cytoplasm and

IL-1RIY HAX-1
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Fig. 9. Cell distribution of pre-IL-1« in S5c fibroblasts depleting IL-1RIl or
HAX-1. We obtained a DNA fragment targeting the sequence of IL-1RIl or
HAX-1, which was cloned into pSilencer 3.1 H1-neo, an siRNA-expressing
vector. As a control, a scramble DNA fragment was generated that had the
same number of nucleotides but did not display sequence identity with IL-1Ril
and HAX-1 (random siRNA). These vectors were transfected into SSc fibro-
blasts, and intracellular pre-IL-1a was detected by using immunocytochemis-
try of DAB staining.
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Fig. 10. IL-6 and procollagen type | C-peptide production decreases in $S¢

fibroblasts by the suppression of iL-1RIt or HAX-1. Fibroblasts were cuitured in
serum-free media. After 48 h of culturing, commercial ELISA kits were used to
measure IL-6 (A) and procollagen type | C-peptide {8) in culture supernatants.
Open bars, random siRNA transfectants; filled bars, specific siRNA transfec-
tants; $S¢, fibroblasts derived from SSc (n = 5); HC, fibroblasts derived from
healthy controls (n = 3). +, P<0.05; *, P<0.01 (compared with randomsiRNA
transfectants).

nucleus, and, when the molecule is associated with HAX-1, st
moves to the mitochondrial membrane. HAX-1 also interacts
with pre-IL-1a in human chondrocytes, although the biological
properties for the complex of HAX-1 and pre-IL-1a have not
been fully elucidated (16). The HAX-1 protein appears to be
expressed ubiquitously in various normal tissues and to consti-
tute the domain that is responsible for binding to the pre-IL-1q,
HS1, cortactin, PKD2, EBNA-LP, Bcl-2, and HIV1 Vpr proteins
(21-23). The fact that HAX-1 interacts with a variety of struc-
turally unrelated proteins suggests an essential function for
HAX-1 that involves intracellular signaling and shuttling of
various intracellular molecules. Our observations indicate the
importance of HAX-1 for the nuclear localization of pre-IL-la
in fibroblasts. Posttranslational modifications such as phosphor-
ylation and myristoylation of NTP-IL-1a are well recognized
mechanisms that are involved in the transport of pre-IL-1a to the
nucleus (24, 25). Notably, myristoylation occurs on lysine resi-
dues 82 and 83 of pre-IL-1e, located in the nuclear localization
sequence (NLS). HAX-1 was associated with three segments of
NTP-IL-1¢, including the NLS segment (16), which suggests that
the binding of HAX-1 with the NLS (KVLKKRR) of pre-If. . * -~
might facilitate the nuclear localization of the pre-IL-1acor .

in fibroblasts. Taken together, the findings strengthen tk
clusion that proteins associated with HAX-1 canshuttle t. #we;
nuclear and cytoplasmic compartments.

A previous investigation looking for a nuclear target ot
pre-IL-1a revealed the interaction between pre-IL-1a and ne¢-
din by a yeast two-hybrid system (26). Necdin is a 47-kDa protein
that functions as a cell-growth suppressor in a manner similar to
that of the retinoblastoma tumor suppressor protein, Rb (27, 28).
In our study, IP showed a faint band (=47 kDa) that was
subjected to N-terminal amino acid sequence analysis. However,
we could not identify the molecule because of the small amount
of peptide. Although we did not confirm that necdin was one of
the intracellular pre-IL-1e-binding proteins, we did detect the
expression of necdin in SSc and normal fibroblasts (data not
shown). Moreover, the suppression of necdin with an RNAi
method did not affect IL-6 and procollagen type I production in
SSc fibroblasts (data not shown), which is inconsistent with the
results of previous studies. This discrepancy may be explained,
in part, by the different cell types used in each experiment
(fibroblasts versus Saos-2 osteosarcoma cells).
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Recent reports by Higgins ez al. (29) and Kanangat er al. (30)
demonstrated the biological functions of intracellular IL-1 re-
ceptor antagonist (icIL-1RA) in SSc fibroblasts. They indicated
that icIL-1RA was overexpressed in SSc fibroblasts and that
icIL-1RA was involved in the fibrogenic phenotype of SSc
fibroblasts. Although we did not examine the expression of
icIL-1RA in this study, icIL.-1RA may have bound to intracel-
lular II-1RII that consisted of the pre-IL-la complex. To
determine whether icIL-1RA is the fourth component of the
pre-IL-1a complex in SSc fibroblasts would have a potential role
in delineating the molecular events of the fibrosis in SSc that are
associated with the pre-IL-1e complex.

In conclusion, our study found the formation of the pre-IL-1a
complex, which consists of pre-IL-1¢, IL-1RII, and HAX-1,
inside SSc fibroblasts. This complex plays a crucial role in the
fibrogenic phenotype of SSc fibroblasts. Because of its nuclear
localization, we believe this complex acts in the nuclei of
fibroblasts; however, based on a search of the National Center
for Biotechnology Information conserved domain database,
these proteins do not have a DNA-binding motif. We speculate
that this complex is part of a larger one. A putative pre-IL-1«
complex is illustrated in Fig. 7.

Materials and Methods

Cell Culture. After providing informed consent, five female pa-
tients with SSc (median age 46) and three healthy female donors
(median age 42) were enrolled in this study, which met the
standards of our institutional review board. All patients were
classified into diffuse cutaneous SSc according to the criteria of
the American Rheumatism Association (31) and the classifica-
tion of LeRoy et al. (32). Skin fibroblast lines were obtained from
biopsied skin and explanted into tissue cultures. A murine
fibroblast-like cell line, NIH 3T3, was also used in this study and
was obtained from the American Tissue Culture Collection. The
culture media consisted of DMEM (Sigma, St. Louis, MO) with
10% FBS (Sigma) and antibiotics (penicillin and streptomycin;
Invitrogen, Carlsbad, CA) or of a serum-free medium (QBSF-
51; Sigma). In this experiment, cells were used in the third
through the fifth passages.

Immunocytochemical Staining. Monolayer fibroblast cultures (5 X
10° cells per well) were grown for 48 h in four-chamber slides
(Lab-Tek; Nalge Nunc, Tokyo, Japan). Fibroblasts were washed
twice with cold PBS and fixed with 2% paraformaldehyde plus
0.1% Triton X-100 in PBS. The primary Abs used in this
experiment were monoclonal anti-human IL-1a Ab (R & D
Systems, Cambridge, MA), monoclonal anti-human IL-1 recep-
tor type II Ab (R & D Systems), and monoclonal anti-HAX Ab
(BD Biosciences, San Jose, CA). Cells were incubated with the
primary Ab (5 pg/ml) or as controls with preimmune mouse IgG
(5 ng/ml; Dako, Kyoto, Japan) for 1 h at 4°C. The primary Ab
was detected by incubation with biotinylated anti-mouse IgG Ab
as the secondary Ab for 30 min at room temperature and then
incubated with Avidin/Biotin-HRP Complex (ABC; Vector
Laboratories, Burlingame, CA). Cells were then stained by
DAB-peroxidase substrate (Sigma). Hematoxylin was used for
nuclear staining. The chamber slides were dried and examined
by light microscopy. Alternatively, after the treatment of the first
Ab, cells were incubated with FITC- or Cy3-conjugated anti-
mouse IgG Ab (Sigma). The chamber slides were washed three
times and then mounted in 90% glycerol-PBS that contained
0.1% paraphenylendiamine and 1% n-propylgalate. A fluores-
cence image was obtained with fluorescence microscopy (Nikon,
Tokyo, Japan).

Immunoprecipitation. SSc fibroblasts were cultured in DMEM
(methionine/cystein-free) that contained 5% dialyzed FBS and
100 pCi/ml [*3S)methionine/cystein (1 Ci = 37 GBq; Amersham
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Bioscience, Buckinghamshire, U.K.) for 16 h. After a pulse, cells
were harvested and suspended in 3 ml of IP procedure (IPP)
buffer (10 mM Tris, pH 8.0/0.5 M NaCl/0.1% Nonidet P-40/0.1
mM PMSF/1 pg/ml leupeptin) and then sonicated on ice.
Nuclear and cytosolic extracts were obtained together after
centrifugation and were used for IP studies. A 40-ul volume of
protein G-Sepharose was preincubated with rabbit anti-human
IL-1a Ab (100 ng; Genzyme, Cambridge, MA) or control rabbit
1gG (100 ng; Dako) and was added to the extracts and rotated
for 3 h at 4°C. Immunoprecipitates were washed three times with
IPP buffer and then fractionated by 10% sodium dodecy! (lauryl)
sulfate/polyacrylamide gel electrophoresis (SDS/PAGE) with
molecular weight markers-1*C methylated protein (Amersham
Bioscience). Radiolabeled polypeptides were visualized by
autoradiography.

Peptide Sequencing. Two specific bands (65 and 35 kDa) were
subjected to direct peptide sequencing. For sequencing, the
proteins that were separated by SDS/PAGE were electro-
phoretically transferred onto poly(vinylidene difluoride)
(PVDF) membrane (Bio-Rad, Richmond, CA). The PVDF
membrane was stained with Coomassie brilliant blue R-250, and
each band was excised and subjected to N-terminal amino acid
sequence analysis (Procise 494 HT protein sequencing system;
Applied Biosystems, Foster City, CA).

RT-PCR. Total RNA was extracted from cultured fibroblasts with
TRIzol reagent (Invitrogen), and then 1 pg of total RNA was
reverse-transcribed into cDNA with SuperScript III (Invitrogen)
according to the manufacturer’s instructions. Real-time RT-
PCR was performed in triplicate with an ABI 7900HT system
(Applied Biosystems) and a fluorescein-labeled (FAM-labeled)
TagMan gene expression assay kit (Applied Biosystems) for
IL-1RII, HAX-1, and GAPDH as an endogenous control. The
results were analyzed with SDS 2.1 software (Applied Biosys-
tems). Those genes’ expressions were calculated from the accu-
rate threshold cycle (Ct), which is the PCR cycle at which an
increase in fluorescein from TagMan probes can first be de-
tected above a baseline signal. The Ct values for GAPDH were
substituted from the Ct values for IL-1RII and HAX-1 in each
well to calculate ACt. The triplicate ACt values for each sample
were averaged.

Construction of Expression Plasmids and Transfection. The cDNA
encoding human IL-1«, pre-IL-la, and NTP-IL-la were all
isolated by PCR and subcloned into pcDNA4-V5 (Invitrogen).
The cDNA encoding human IL-1R1I was isolated by PCR and
subcloned into pcDNA3 (Invitrogen). For stable transfections,
NIH 3T3 cells in 60-mm dishes (70% confluent) were incubated
with 3 ml of Opti-MEM (Invitrogen) that contained 5 ug of
DNA and 18 pl of Lipofectamine 2000 (Invitrogen). After 5 h,
3 ml of DMEM with 20% FBS was added. After 24 h, the
medium was changed to DMEM with 10% FBS, followed by an
additional 24 h of culture. G418 (400 pg/ml) was added to the
culture medium 48 h after transfection and kept for 15 days. The
G418-resistant colonies were harvested by gentle digestion with
trypsin, and cells were preserved in liquid Nj with Cellbanker
(Mitsubishi Kagaku Iatron, Tokyo, Japan) until use.

Western Blotting. Confluent fibroblasts were maintained in a
serum-free medium for 48 h. Cells were then trypsinized and
washed with PBS. Cell lysates were prepared from fibroblasts,
including PBS that contained 0.1 mM PMSF and 1 pg/ml
leupeptin by sonication on ice. The cell lysates were resolved in
15% polyacrylamide gels under reducing conditions and trans-
ferred to nitrocellulose membranes (Bio-Rad). The membranes
were incubated with the primary Abs for 1 h. Horseradish
peroxidase-conjugated antimouse IgG Ab (Santa Cruz Biotech-
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nology, Santa Cruz, CA) was applied to the membrane and
incubated for 1 h. The blot was developed by the enhanced
chemiluminescence system (Amersham) and exposed on x-ray
film. The primary Abs used in this experiment were monoclonal
anti-human IL-1a Ab (R & D Systems), monoclonal anti-human
IL-1 receptor type II Ab (R & D Systems), monoclonal
anti-V5 Ab (Invitrogen), and monoclonal anti-HAX Ab (BD
Biosciences).

Bacterial Two-Hybrid System. Reagents and protocol were ob-
tained from Stratagene (BacterioMatch two-hybrid system). The
pre-IL-1a protein was fused briefly to the full-length bacterio-
phage A repressor protein (Acl) with pBT plasmid (Stratagene),
which contained the N-terminal DNA-binding domain and the
C-terminal dimerization domain. The target proteins (IL-1RII
and HAX-1) were fused to the N-terminal domain of the
a-subunit of RNA polymerase with pTRG plasmid (Stratagene).
The pre-IL-1a protein was tethered to the A operator sequence
upstream of the reporter promoter through the DNA-binding
domain of Acl. When the pre-IL-1 and target proteins interact,
they recruit and stabilize the binding of RNA polymerase at the
promoter and activate the transcription of a reporter gene, the
Amp" gene. A second reporter gene, S-galactosidase, is ex-
pressed from the same activatable promoter, which provides an
additional mechanism to validate the pre-Il-la and target
proteins’ interaction. The suitable Escherichia coli host strain
(XL1-Blue MRF’ Kan) was transformed with the two plasmids.
Blue colonies are positive in LB agar plates, including tetracy-
cline, chloramphenicol, kanamycin, and X-gal.

Depletion of HAX-1 and IL-1RIi by RNA Interference. The siRNA
target-finder algorithm, which is available on the Ambion (Austin,
TX) web site (www.ambion.com), was used to select 21 nucleotide
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oligomers to be tested for RNA interference. We obtained a DNA
fragment targeting the sequence in the ORF and a control with a
corresponding random sequence. These two DNA fragments were
cloned into pSilencer 3.1 Hl-neo (Ambion), an siRNA-expressing
vector, according to the manufacturer’s instructions. Target se-
quences for siRNAs of HAX-1 and IL-1RII were selected to be
5'-AACCCAAGGTTCCATAGTCCT-3' and 5'-AAGAA-
GAGACACGGATGTGGG-3', respectively. A random 21-nt se-
quence as a control was generated that had the same numbers
of nucleotides but did not display sequence identity with HAX-1
and IL-1R11. Basic local alignment search tool analysis ensured that
sequence identity between a random nucleotide and homosapience
cDNA in the National Center for Biotechnology Information
database was 15 nucleotides or fewer. The random sequences for
HAX-1 and IL-1RII were 5'-AACCGCGAATCTCAT-
AGTCCT-3’ and 5-AAGGAGAGCAGCGGATGTAAG-3', re-
spectively. The method for stable transfections was described
earlier.

Measurement of IL-6 and Procollagen Type 1. Fibroblasts were
cultured in 24-well culture plates with serum-free medium for
48 h, and then the supernatants were collected and preserved at
—30°C until use. IL-6 and procoliagen type I were measured by
using commercial ELISA kits [R & D Systems and Takara Shuzo
(Kyoto, Japan), respectively].

Statistical Analyses. The results of IL-6 and procoilagen type 1
concentrations were shown as mean + SD, and comparisons of
data were performed with Student’s ¢ test. Differences were
considered to be significant at P < 0.05.
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Abstract

Systemic sclerosis {SSc) is a connective tissue disease
characterized by tissue fibrosis. One of several complications of
SSc, pulmonary arterial hypertension (PAH) can be refractory to
treatment, both novel and established. In the present study we
investigated the ratio of circulating nitric oxide to endothelin-1 in
patients with both SSc and PAH, and determined whether
polymorphisms in NOS2 {(the nitric oxide synthase 2 gene) are
associated with susceptibility to PAH. Endothelin-1 in plasma
and nitric oxide metabolites (nitrate and nitrite) in serum were
measured. The nitric oxide/endothelin-1 ratio was significantly
lower in patients with both SSc and PAH than in patients with
SSc only or in healthy control individuals. We confirmed the
presence of two single nucleotide polymorphisms at positions -
1,026 and -277 and a pentanucleotide repeat (CCTTT) at -2.5

kilobases. There were significant differences in single
nucleotide polymorphisms between patients with SSc who had
PAH and those who did not, and between patients with both
SSc and PAH and healthy control individuals. The CCTTT
repeat was significantly shorter in patients with both $Sc and
PAH than in patients with SSc only or in healthy control
individuals. Transcriptional activity were analyzed using the
luciferase reporter assay. The transcriptional activity of NOS2
was much greater in fibroblasts transfected by a vector with a
long allele of the CCTTT repeat than in those transfected by a
vector with a short allele. Polymorphisms in the NOS2 gene are
associated with transcriptional activity of the NOS2 gene and
with susceptibility to SSc-related PAH.

Introduction

Systemic sclerosis (SSc) is an autoimmune disease of
unknown aetiology that is characterized by extensive fibrosis
of skin and visceral organs, and dysfunction of vascular tone
[1]. In its more severe forms, cardiac involvement and respira-
tory involvement are the most significant determinants of out-
come [2]. In particular, pulmonary hypertension is a fatal
complication in both diffuse and limited cutaneous SSc [3].
Pulmonary hypertension is generally divided into four major
categories: pulmonary arterial hypertension (PAH), pulmonary
hypertension associated with left-sided heart disease, pulmo-
nary hypertension associated with lung disease or hypoxae-

mia, and pulmonary hypertension due to chronic thrombotic or
embolic disease [4]. A major part of pulmonary hypertension
as it pertains to SSc corresponds with the pathophysiology of
PAH, a disease of the small pulmonary arteries characterized
by vascular proliferation, vasoconstriction, remodelling of the
pulmonary vessel wall and thrombosis in vessels.

Vasodilators such as nitric oxide (NO) and prostacyclin, along
with prolonged overexpression of vasoconstrictors such as
endothelin (ET)-1, not only affect vascular tone but also pro-
mote vascular remodelling, both of which have been impli-
cated in the pathogenesis of PAH [5-12]. Previous studies

bp = base pairs; DMEM = Dulbecco's modified Eagle's medium; ET = endothelin; FBS = foetal bovine serum; NO = nitric oxide; NOS = nitric oxide
synthase; PAH = pulmonary arterial hypertension; PCR = polymerase chain reaction; PPH == primary pulmonary hypertension; SNP == single nucle-

otide polymorphism; SSc = systemic sclerosis.
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identified high levels of ET-1 in the plasma of patients with
SSc, especially in those with SSc complicated by PAH
[13,14]. However, reported levels of circulating NO in patients
with SSc are inconsistent, with several studies [15-18] finding
increased levels of NO in patients with SSc and others
[19,20] finding low levels, similar to those in healthy individu-
als. In our previous study [21] NO levels were markedly ele-
vated in patients with early-stage diffuse cutaneous SSc,
especially when the SSc was accompanied by active alveoli-
tis, but concentrations of NO in serum were low in late-stage
limited cutaneous SSc. No patients suffered the complication
of PAH in that study. Characteristic levels of NO and NO/ET-
1 ratio in patients with both SSc and PAH remain to be
established.

NO is an endothelial-derived relaxing factor that is synthesized
from L-arginine by nitric oxide synthase (NOS) [22]. Three iso-
forms of NOS have been identified [23]: NOS-1 (neuronal
NOS), NOS-2 (inducible NOS) and NOS-3 (endothelial
NOS). NOS-2 is the major source of NO production in condi-
tions involving exposure to cytokines; this is because it is
induced by a variety of cell types, including the proinflamma-
tory cytokines interleukin-1, tumour necrosis factor-a,
interferon-y, and ET-1 {24].

Two randomized, double-blind, placebo-controlled trials
[25,26] evaluated the efficacy of the ET receptor antagonist
bosentan in patients with PAH that was either primary or asso-
ciated with SSc. Another therapeutic strategy in PAH is to
increase the activity of endogenous NO, which enhances NO-
dependent cGMP-mediated pulmonary vasodilatation through
inhibition of the breakdown of cGMP by phosphodiesterase
type 5 [27]. Although long-term inhaled NO therapy has
shown only a small benefit in patients with PAH [28], phos-
phodiesterase type 5 inhibitors (for example, sildenafil) have
been found to improve pulmonary artery pressure in patients
with PAH [29].

Because these novel therapies were developed to prolong
survival and improve patients' quality of life, we speculate that
an imbalance between ET-1 and NO is key to the pathogene-
sis of SSc complicated by PAH. Polymorphisms in the NOS2
gene promoter are thought to regulate its transcription activity,
which is reportedly associated with susceptibility to type 1 dia-
betes [30] and atopy [31] and with protection against malaria
[32]. In the present study we determined the levels of ET-1
and NO in blood from patients with SSc with or without PAH,
and we investigated the association between gene polymor-
phisms in NOS2 and susceptibility to PAH.

Materials and methods

Study patients

Twenty patients with SSc complicated by PAH were recruited.
Al had been admitted to Aoyama Hospital of Tokyo Women's
Medical University or Kitasato University Hospital. As a dis-
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ease control group, 58 patients with SSc but not PAH were
selected from patients admitted to Aoyama Hospital. Detailed
clinical characteristics of all patients are shown in Table 1. All
patients with SSc were of Japanese origin, met the criteria
established by the American College of Rheumatology for SSc
[33], and were classified as having either diffuse or limited
cutaneous SSc according to the classification proposed by
LeRoy and coworkers [34]. Ninety-five DNA samples were
obtained from healthy volunteers who were unrelated individu-
als of Japanese origin. All DNA samples were collected, with
approvals granted by the appropriate ethical committees of
Tokyo Women's Medical University, Kitasato University
School of Medicine, and Saitama Medical School.

We identified the presence of a complication of PAH in the fol-
lowing manner. All patients with SSc were first evaluated by
Doppler echocardiography, and then cardiac catheterization
was performed when right ventricular systolic pressure was
greater than 30 mmHg, based on Doppler echocardiography.
PAH was diagnosed in patients with SSc who satisfied the
modified US National Institutes of Health criteria for PAH after
cardiac catheterization [38], specifically mean pulmonar:
artery pressure above 25 mmHg at rest or 30 mmMg afte
exercise, with normal pulmonary artery wedge pressure. The
complication of pulmonary fibrosis was identified using high-
resolution computed tomography of the chest. Patients with
the following complications were excluded: severe pulmonary
fibrosis, with functional vital capacity below 70%; left-sided
heart disease; chronic thrombotic or embolic disease; renal
failure, including a history of scleroderma renal crisis; hyper-
tension; and diabetes.

Measurement of plasma endothelin-1 and serum nitric
oxide levels

Blood samples were obtained from 16 patients with both SSc
and PAH and from 26 patients with SSc without PAH who
were randomly selected from among patients with SSc who
donated DNA samples at the time of admission to Aoyama
Hospital with informed consent. No specific diet was given to
patients while they were hospitalized. Twenty healthy volun-
teers (normal control individuals) who had no history of dieting
or smoking gave informed consent to participate in the study
and gave blood samples. ET-1 levels were measured in
plasma using an enzyme-linked immunosorbent assay kit (R&D
Systems, Cambridge, MA, USA). Because serum NO is
quickly degraded into nitrite and nitrate, we measured the total
levels of these NO metabolites as indicators of NO level, using
a calorimetric assay kit (Cayman Chemical, Ann Arbor, M,
USA).

Sequencing the NOS2 promoter region

Genomic DNA was extracted from the blood sample using a
DNA extraction kit (Qiagen, Valencia, CA, USA). For direct
sequencing, PCR was performed to amplify the promoter
region of the NOSZ2 gene from -100 to -1,335 bp. The forward
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Clinical characteristics of patients

Characteristic SSc patients Healthy controls
With PAH Without PAH
Number at entry {n (male:female) 20 (1:19) 58 (5:53) 95 (8:87)
Age (years; mean (range) 48.6 (17-80) 47.7 (18-77) 40.9 (22-78)
Diffuse SSc:limited SSc (n) 6:14 33:25
Disease duration (months; mean (range) 42,0 (6—~130) 41.9 (5-120)
Pulmonary fibrosis (n (%) 6 (30) 31 (53)
Frequency of ANA (n (%)
Anti-U1-snRNP antibody 11 (55) 17 (29) 0
Anti-topoisomerase | antibody 1 (5) 13 (22) 0
Anti-centromere antibody 5 (25) 12 (21)
ANA, antinuclear antibody; PAH, pulmonary arterial hypertension; SSc, systemic sclerosis.
Table 2
Distribution of single nucleotide polymorphisms in NOS2 gene promoter reglon
Subjects -1,026 bp -277 bp Haplotype
G/G GIT T A/A A/G G/IG GA TA GG TG
SS8c with 20 (100) 0 0 20 (100) o] [ 40 0 0 0
PAH {n=
20)
SSc 43 (74) 11 (19) 4(7) 43 (74) 10 {17) 5 {9) 96 0 1 19
without
PAH (n=
58)
Healthy 69 (73) 23 (24) 3(3) 73 (77) 19 (20) 3(3) 161 0 4 25
iogér)ols (n

Values indicate number (%) of genotype or number of haplotype, which consists of two SNPs at -1,026 and -277. There were significant

differences between patients with S

who did and those who did not have PAH in the distribution of two SNPs at -277 and -1,026 (both P =

0.04, by Fisher's exact test). Comparing the distribution of two SNPs between patients with SSc complicated by PAH and healthy control
individuals, there was a significant difference at -1,028 (P= 0.02), but there was no difference at -277 (P= 0,053}. With respect to haplotyps, the
frequency of GA was significantly higher in SSc with PAH than in SSc without PAH and in healthy control individuals (P = 0.001 and P = 0.02,
respectively). PAH, pulmonary arterial hypertension; SNP, single nucleotide polymorphism; SSc, systemic sclerosis.

and reverse primers were 5-TCATCCACACATTCACT-
CAAC-3' and 5'-CCAAAGGGAGTGTCCCCAGCTT-3,
respectively. The sequences of the PCR products were ana-
lyzed using the ABI Prism 3100 Sequence Detection System
(Applied Biosystems, Foster City, CA, USA).

Haplotype typing in pairs of NOS2 polymorphisms

We entered the genotype data into the PENHAPLO computer
program, developed by lto and coworkers [36], to estimate
haplotype frequency in the population and to calculate the
posterior probability of diplotype distribution for each study
subject. This program was designed for haplotype typing
using a maximum likelihood estimation method based on the
expectation maximization algorithm under the assumption of
Hardy-Weinberg equilibrium for the population.

Analysis of variable numbers of the CCTTT repeat
polymorphism of the NOS2 promoter region

Genomic DNA was amplified by PCR with the use of a FAM™-
labelled sense primer (5-ACCCCTGGAAGCCTACAACT-
GCAT-3) and an antisense primer (5-GCCACTGCAC-
CCTAGCCTGTCTCA-3"). The various alleles were resolved
by capillary electrophoresis on an ABI Prism 3100 Genetic
Analyzer System (Applied Biosystems). Allele sizes were cal-
culated using the GeneScan Analysis computer program, with
a GeneScan™-500 ROX™ size standard (Applied Biosystems)
as the internal size standard.
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Figure 1
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A schematic construct of the promoteriess pGL3-basic vector. The luciferase vector (pGL3) was inserted with variable numbers of CCTTT repeats
and the 1.5 kb minimal human NOS2 promoter region (-1,5567 to +58 bp). The promoter region contained either T or G at -1026 bp (referred to as
pGL3-T and pGL3-G, respectively). Each vector of pGL3-T and pGL3-G had allele G and allele A at -277 bp, respectively. The 6, 8, 10, 12, and 14
repeats of the pentanucleotide (CCTTT) region were obtained by PCR. The resulting constructs were named pGL3-T6, pGL3-G8, pGL3-T8, pGL3-
G8, pGL3-T10, pGL3-G10, pGL3-T12, pGL3-G12, pGL3-T14 and pGL3-G14 and contain 6, 8, 10, 12 and 14 repeats, respectively. bp, base
pairs; kb, kilobases; SNP, single nucleotide polymorphism; VNTR, variable numbers of tandem repeat.

Analysis of transcriptional activity of NOS2 in human
fibroblasts

The 5' flanking region of the NOS2 gene (-1,557 to +58) was
prepared by PCR using a set of primers. The forward primer
(5"-GATTCTGACTCTTTCCCTGAG-3') is located -1,557 bp
from the transcription start site, and the reverse primer (5'-
GGAATGAGGCTGAGTTCTCTGCGGC-3)) is located +58
bp from the transcription start site. Genomic DNA containing
the T/G allele at -1026 bp from the transcription start site of
the NOS2 gene was used as a PCR template. The PCR prod-
uct was inserted into a pGL3-Basic Vector (Promega, Madi-
son, WI, USA) that contained the firefly luciferase reporter
element, and all constructs were sequenced using the pGL3
forward and reverse sequencing primers. The pGL3 vectors
with T or G at -1,026 bp are referred to as pGL3-T and pGL3-
G, respectively, as shown in Figure 1. The sequences of
inserts of pGL3-T and pGL3-G were confirmed by direct
sequencing. Each vector of pGL3-T and pGL3-G had allele G
and allele A at -277 bp, respectively. The 6, 8, 10, 12 and 14
repeats of the pentanucleotide (CCTTT) region were obtained
by PCR using forward (8-ACCCCTGGAAGCCTACAACT-
GCAT-8) and reverse (5GCCACTGCACCCTAGCCT-
GTCTCA-3) primers. The PCR products were cloned into the
upstream of the inserted NOS2 gene promoter in pGL3-T and
pGL3-G. The resulting constructs were named pGL3-T6,
pGL3-G6, pGL3-T8, pGL3-G8, pCGL3-T10, pGL3-G10,
pGL3-T12, pGL3-G12, pGL3-T14 and pGL3-G14, and con-
tain 6, 8, 10, 12 and 14 repeats, respectively.
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Human fibroblasts from three healthy individuals were cultured
in Dulbecco's modified Eagle's medium (DMEM) with 10%
foetal bovine serum (FBS; Sigma, St. Louis, MO, USA). For
transient transfections, fibroblasts were cultured in six-wel!
plates with 3 ml Opti-MEM (invitrogen) containing 4 pg D#
{pGL3 and phRL-TK vectors) and 12 pl Lipofectamine 20
{Invitrogen). After 4 hours, 3 ml DMEM with 20% FBS in :
presence or absence of recombinant interleukin-1B (10 ng/++.;
R&D Systems) was added. The medium was changed after 1%
hours to DMEM with 10% FBS in the presence or absence of
interleukin-1B (6 ng/mL). After an additional 24 hours of cul-
ture, the cells were washed twice using cold phosphate-buff-
ered saline and were harvested. Firefly and Renilla luciferase
activities were measured using the Dual-Glo Luciferase Assay
System (Promega). Fibroblasts were cotransfected with a
constitutively active Renilla luciferase vector (phRL-TK), and
firefly luciferase activity was normalized by Renilla luciferase
activity.

Statistics

Circulating ET-1 and NO concentrations are given as mean +
standard deviation, and data were compared using the Stu-
dent's t test. We assessed the significance of the -277A/G
and -1026G/T single nucleotide polymorphisms (SNPs) by
the Fisher exact test. The relationship between the NO/ET-1
ratio and summed CCTTT repeat length was analyzed using
linear regression analysis. An allelic distribution of the number
of CCTTT repeats was compared using the Mann-Whitney U
test. P < 0.05 was considered statistically significant.
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Circulating levels of ET-1 and NO. (a) Plasma levels of ET-1 were measured in patients with SSc with or without PAH. (b) Serum levels of NO
metabolites were measured. (c) The ratios of NO/ET-1 are shown. Data are expressed as mean = standard deviation, ET, endothelin; NO, nitric
oxide; NS, not significant; PAH, pulmonary arterial hypertension; SSc, systemic sclerosis.

Results

Circulating endothelin-1 and nitric oxide concentrations
Plasma ET-1 levels were significantly higher in each SSc
group than in healthy control individuals (1.4 £ 0.4 pg/ml), as
shown in Figure 2a. Moreover, ET-1 levels in patients with both
S8c and PH were significantly higher than in patients with
SSc but not PAH (4.1 £ 1.7 versus 2.2 + 0.8 pg/ml; P <
0.001). In contrast, NO levels in patients with both SSc and
PAH (114 = 28 umol/l) were similar to those in healthy control
individuals (95 * 30 pmol/l), but NO levels in patients with
SSc but not PAH (194 =+ 89 pmol/f) were significantly higher
than in the other two groups (Figure 2b). The NO/ET-1 ratio
was significantly lower in patients with both SSc and PAH

(82.6 £ 15.7; n = 16) than in patients with SSc but not PAH
(87.8 £ 25.0; n = 26) and healthy control individuals (73.6 +
35.7; n = 20), as shown in Figure 2c.

Determination of single nucleotide polymorphisms in
the NOS2 promoter region

We genotyped the 78 patients with SSc and the 95 control
individuals for the promoter region {-100 to -1335 bp) of the
NOS2 gene by direct DNA sequencing. We confirmed the
presence of two previously reported SNPs at positions -277
and -1026 (Figure 8). The distribution of genctypes is shown
in Table 1. The distribution of genotypes at -1026 and -277
was significantly different between patients with SSc who had
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Figure 3

NOS2 transcription start site
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!
/ / i // } | Exon 1 F
(CCTTT)n repeat G/T SNP A/G SNP TATA box

Polymorphisms of the 5' flanking region of the human NOS2 gene. TATA sequence begins at position -30 bp from the transcription start site of exon

1. bp, base pairs; SNP, single nucleotide polymorphism.

PAH and those who did not have PAH (both P = 0.04, by
Fisher's exact test), but there was no difference between
patients with SSc who did not have PAH and healthy control
individuals in the distribution of genotypes at two SNPs.
Between healthy control individuals and patients with both
SSc and PAH, there was a significant difference in the distri-
bution of genetypes at -1026 (P = 0.02); in contrast, there
was no difference at -277 (P = 0.053).

Haplotype typing of the NOS2 promoter region

We typed the haplotype of the gene, which consists of two
SNPs at positions -1,026 and -277. The two SNPs were found
to be in linkage disequilibrium. We identified three haplotypes
using genes from patients with SSc and healthy control indi-
viduals: GA, GG, and TG (Table 2). The frequency of haplo-
type GA was significantly higher in patients with both SSc and
PAH than in patients with SSc but not PAH and in healthy indi-
viduals (P = 0.001 and P = 0.02, respectively), as shown in
Table 2.

Distribution of variable numbers of tandem repeat in the
NOS2 promoter region

The 15 alleles found in the present study had 6-21 repeats,
and the distribution was significantly different between
patients with SSc and PAH and healthy controf individuals (P
< 0.0001) and between patients with SSc with PAH and
those with without PAH (P < 0.0001), as shown in Table 3.In
contrast, there was no significant difference in distribution
between patients with SSc but not PAH and heaithy control
individuals. If CCTTT repeat length strongly influences NOS2
transcription, then we would expect there to be a significant
correlation between CCTTT repeat length and serum NO lev-
els or NO/ET-1 ratios. We calculated the number of summed
CCTTT repeats and then analyzed the correlation between
that number and serum NO levels or NO/ET-1 ratios. As
shown in Figure 4, there was a significant correlation between
summed repeat length and both serum NO levels (r= 0.51, P
< 0.01; linear regression analysis) and NO/ET-1 ratios (r =
0.83, P<0.0001) in all patients with SSc. However, in healthy
control individuals we identified no significant correlation (data
not shown).
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Effects of NOS2 polymorphisms on transcriptional
activity of the gene

To determine whether the polymorphisms of -277 SNP and -
1,026 SNP and variable numbers of tandem repeat were asso-
ciated with transcription of the NOS2 gene, we evaluated pro-
moter activities using the series of NOS2 promoter-luciferase
constructs (as described under Materials and method, above).
As shown in Figure 5, NOS2 was almost transcriptionaily
silent in fibroblasts without stimuli. In contrast, transcription
was induced in fibroblasts transfected with vectors, including
promoter regions of the NOS2 gene, under stimulation by
interleukin-1B. The relative luciferase activities gradually
increased with increasing number of CCTTT repeats in both
alleles G and T at -1,026. In the case of the same number of
CCTTT repeats, the relative luciferase activity was higher in
vectors that included the promoter region with allele T at -
1,026 than in vectors that included the promoter region with
allele G. These findings indicate that transcriptional activity of
the NOS gene that includes G at -1,026 and a small number
of tandem repeats was low.

Discussion

In the present study were found that concentrations of NO
metabolites were not increased in patients with both SSc and
PAH, although plasma ET-1 levels were markedly elevated.
Our previous report [21] indicates that serum levels of NO
metabolites were significantly higher in patients with SSc than
in healthy control individuals, especially in patients with a dif-
fuse cutaneous type, active fibrosing alveolitis, or a short dura-
tion since onset. However, the population considered in that
study did not include patients with PAH, which could explain
why the present findings are inconsistent with those of the pre-
vious report. Although a number of reports have been pub-
lished concerning concentrations of ET-1 or NO in the
circulation of patients with SSc [8,13-21], this report is the
first to describe an imbalance in the NO/ET-1 ratio in patients
with PAH.

Over the past decade abnormalities in NO synthesis have
been proposed as being important in the pathogenesis and
development of pulmonary hypertension, especially primary
pulmonary hypertension (PPH). Initially, immunchistochemical
studies showed that pulmonary hypertension was associated
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Luciferase reporter assay of the NOS2 promoter with gene polymorphisms. The (a) pGL3-T vectors and (b) pGL3-G vectors were cloned by the
NOS2 promoter region, including alleles T and G of the single nucleotide polymorphism at -1026 bp. in the series of pGL3-T or pGL3-G vectors, the
6,8, 10, 12 and 14 repeats of the CCTTT region were cloned upstream of the inserted NOS2 promoter in pGL3-T or pGL3-G. bp, base pairs; IL,
interleukin.

with diminished expression of NOS-3 [37]. However, other precisely decreased in patients with PPH and collagen dis-
studies found increase in expression of NOS-3 in patients with ease related PAH [8-12]. Furthermore, it was determined that
pulmonary hypertension and in animal models of pulmonary NOS-dependent endogenous NO synthesis was decreased in
hypertension [38,39]. Despite these contradictory findings, it patients with PPH, which suggests that NOS activity may be
has been reported that NO levels in blood and the lungs were diminished in patients with PPH [40]. Lung inflammation lead-
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Table 3

Allele frequencies for the CCTTT-repeat polymorphism

Allele SSc patients Healthy

controls
With PAH Without PAH

6 2 0 0

7 2 0 0

8 8 0 4

9 6 4 8

10 10 11 19

11 5 16 25

12 6 29 42

13 0 22 32

14 1 14 29

15 0 7 13

16 0 4 13

17 0 4 4

18 0 2 1

19 0 2 0

20 0 0 0

21 0 1 0

P < 0.0001 for patients with both SSc and PAH compared with
healthy control subjects by the Mann-Whitney U test. P<0.0001 for
patients with both SS¢ and PAH compared with patients with SSc
but not PAH by the Mann-Whitney U test. PAH, pulmonary arterial
hypertension; SSc, systemic sclerosis.
ing to increased levels of cytokines and oxidants may contrib-
ute to the development of both PPH and SSc-related PAH
[41]. In the presence of increased levels of inflammatory medi-
ators, NOS activity may be dependent on production of NOS-
2, which is distinct from NOS-8 (the endothelial form of NOS)
because NOS-2 is inducible by inflammatory mediators, and
induced levels are much greater than levels of constitutive
NOS-3 production. Peripheral mononuclear cells and lesional
fibroblasts are capable of aberrant production of inflammatory
cytokines in patients with SSc [42-44]. These cytokines may
be involved not only in ET-1 synthesis by endothelial cells and
fibroblasts but also in induction of NOS-2. Also, excessive pro-
duction of ET-1 can mediate NOS-2 production through ET
receptor B [45]. Although evidence based on those biological
properties may promote speculation that levels of ET-1 corre-
late with levels of NO in the circulation, NO metabdlite levels
were within normal range in patients with both 8Sc and PAH
patients whose serum contained much ET-1. We hypothesize
that this discrepancy may be explained by reduced NOS-2
production resulting from polymorphisms in the NOS2 gene.

As a result of sequencing the promoter region of the NOS2
gene from -100 to -1,335, we were able to confirm the pres-
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ence of two SNPs, consistent with previous reports {46]. In
the present study, allele A at-277 SNP, allele G at -1,026 SNP
and shorter forms of the CCTTT repeat were associated with
susceptibility to PAH combined with SSc. The number of
CCTTT repeats was previously reported to influence transcrip-
tion of the NOS2 gene [47]. However, studies of variable num-
bers of tandem repeat both in vitro and in vivo have yielded
conflicting results [48]. To confirm whether those polymor-
phisms affect transcription of the NOS2 gene in fibroblasts,
we constructed a series of luciferase reporter vectors cloned
by various numbers of CCTTT combined with the promoter
region of the NOS2 gene from +58 to -1,657, which included
two kinds of haplotype.

Transcriptional activity was lowest in the NOS2 gene contain-
ing the six repeats of CCTTT and haplotype GA, which sug-
gests that transcription of the NOS2 gene might be little
induced by interleukin-1p in patients with SSc-related PAH.

Irrespective of whether patients with SSc had PAH, CCTTT
repeat length was well correlated with NO/ET-1 ratio. With
regard to the relationship between CCTTT repeat length and
serum NO levels, we found no significant difference among
SSc patients without PAH, although there were significant dif-
ferences among all SSc patients and among patients with
both SSc and PAH (data not shown). In the setting of aberrant
production of ET-1 or cytokines, NO synthesis via NOS-2
induction may be dependent on NOS2 gene polymorphisms.
In healthy control individuals, who had no vascular damage,
inflammation, or autoimmune disorders, there was no associa-
tion between CCTTT repeat length and either serum NO levels
or NO/ET-1 ratios (data not shown). Because NOS-2 induc-
tion is well controlled by ET-1 and cytokines, distinct from
NOS-3, which is constitutively produced, it has been sug-
gested that the CCTTT repeat length is more significantly cor-
related with NO/ET-1 ratios than with serum NO levels. Our
observations support the concept that the NOS2 gene poly-
morphism is a crucial factor in NO synthesis under conditions
of vascular damage and chronic inflammation, as well as PAH,

It is not possible to determine whether SSc patients withou!
PAH will suffer this complication in the future, and this is a lim-
itation of the present study. The patients enrolled in the study
are from a prospective cohort at our institution, and they have
been observed for clinical complications, including PAH, in the
follow-up clinic. None of the 58 patients with $Sc but not PAH
has yet been diagnosed with PAH (mean duration of observa-
tion: 45 months).

Conclusion

NO is a key factor in generating PAH complicated by 8Sc, and
the decrease in NO synthesis might be attributable to reduced
NOS-2 production, which is dependent on NOS2 gene poly-
morphisms. Therapeutic options for PAH occurring as a com-
plication of SSc are limited; however, it is not usually the first



complication, and it develops several years after SSc is diag-
nosed. We believe that the development of means to predict
the occurrence of PAH related to SSc, and hence prevent this
complication, would be a great step forward. Although pro-
spective, longitudinal studies are needed, we propose that
patients with SSc who exhibit an imbalance between NO and
ET-1 production and who have a short length of CCTTT repeat
of the NOS2 gene can be treated with a phosphodiesterase
type 5 inhibitor before the occurrence of PAH.
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Clinical characteristics of Japanese patients with anti-OJ
(anti-isoleucyl-tRNA synthetase) autoantibodies

Shinji Sato, Masataka Kuwana and Michito Hirakata

Objectives. The clinical and laboratory characteristics of seven patients with anti-aminoacyl-tRNA synthetase (ARS) autoantibodies,
specifically anti-OJ (anti-isoleucyl-tRNA synthetase), were examined and compared with previously published findings.

Methods. Serum samples from 1135 Japanese patients with various autcimmune diseases and 48 normal individuals were screened for anti-
0OJ antibodies using RNA and protein immunoprecipitation assays. The patients whose sera contained anti-OJ antibodies were assessed
regarding clinical symptoms, clinical course, laboratory findings, chest radiography and chest computed tomography.

Results. Sera from seven patients were found to contain anti-OdJ antibodies. These autoantibodies were associated with interstitial fung
disease (ILD) and myositis. The diagnoses of the seven patients were idiopathic interstitial pneumonias (IIPs) in three, polymyositis (PM) in
three and PM-rheumatoid arthritis (RA) overlap in the remaining one. All patients had ILD, but muscle weakness and polyarthritis were seen
only in four. Raynaud's phenomenon and sclerodactyly were absent in all patients.

Conclusions. These results indicate that the presence of anti-OJ autoantibodies may distinguish a subtype of anti-ARS syndrome that is
more closely associated with ILD than myositis or Raynaud's phenomenon.

Key worps: Interstitial lung disease (ILD), Polymyositis/dermatomyositis (PM/DM), Anti-aminoacyl-tRNA synthetase (ARS) antibodies.

Introduction

Anti-aminecacyl-tRNA synthetase (anti-ARS) autoantibodies have
been found in patients with polymyositisi/dermatomyositis
(PM/DM) [l. 2]. Six anti-ARS autoantibodies have been
described, as follows: anti-histidyl (anti-Jo-1), anti-threonyl
(anti-PL-7), anti-alanyl (anti-PL-12), anti-glycyl (anti-EJ), anti-
isoleucyl {anti-OJ), and anti-asparaginyl (anti-KS) tRNA synthe-
tases [1--7). The most common anti-ARS antibodies, anti-Jo-1, are
found in approximately 20-30% of PM/DM patients. Anti-OJ
antibodies are also found in PM/DM patients, although the
frequency is low [1]. In previous studies, anti-QJ antibodies were
found in less than 2% of all patients with PM/DM [8]. These anti-
ARS antibodies have been reported to be associated with a similar
syndrome characterized by myositis with a high frequency of
interstitial lung disease (ILD) and arthritis, as well as increased
fever, Raynaud’s phenomenon. and mechanic’s hands compared
to the overall myositis population [9]. Although anti-ARS
syndromes have common clinical symptoms, further observations
have distinguished certain differences in clinical features asso-
ciated with each of the different anti-ARS antibodies. It has been
reported that anti-Jo-1 antibodies are closely associated with
myositis [1, 3], whereas patients with anti-PL-12 and anti-KS
antibodies are more likely to have 1LD without clinical evidence
of myositis [7]. On the other hand, we previously observed that the
presence of anti-PL-7 antibodies is closely associated with
PM/DM-SSc overlap as well as ILD in Japanese patients [10].
There have been two reports on the clinical significance of
anti-OJ antibodies in patients in North America [11, 12]. and two
case reports of anti-OJ antibodies in Japan [8, 13]. However, the
clinical characteristics of the Japanese patients with anti-OJ
antibodies have not been examined in detail and their clinical
significance remains uncertain. Here, we analyse the clinical and
laboratory characteristics of Japanese patients with antibodies
against anti-QJ and review published reports from elsewhere.
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Patients, materials and methods

Patients and sera

Serum samples were obtained from 1135 Japanese patients who
had or were suspected of having connective tissue diseases (CTDs)
seen at the Keio University Hospital and collaborating centers
between 1990 and 2000. These included 120 with PM/DM, 400
with systemic lupus erythematosus, 192 with systemic sclerosis. 58
with rheumatoid arthritis (RA), 101 with overlap syndrome
including mixed connective tissue disease, 114 with ILD and 150
patients with arthritis or erythema who were suspected to have
CTDs. These included three patients with anti-QJ antibodies
previously reported by our study group [8, 13]. We also examined
48 sera [rom normal individuals. Blood samples were obtained
after the patients and normal controls had provided written
informed consent approved by the Keio University Institutional
Review Board.

Immunoprecipitation (IPPj

The IPP assay with Hela cell extracts was performed as
previously described [6]. For the analysis of RNAs, antibodies
bound to protein A-Sepharose CL-4B beads were incubated with
extracts of HeLa cells. They were then washed with NET-2 buffer
(50 mM Tris-HCL, pH 7.5, 150 mM NaCl, 0.05% Nonidet P-40).
After ethanol precipitation. RNAs were dissolved in electrophor-
esis sample buffer composed of 10 M urea. 0.025% bromophenol
blue, and 0.025% xylene cyanol-FF in TBE buffer (90mM Tris-
HCI, pH 8.6, 90mM boric acid and 1mM EDTA). The RNA
samples were resolved in 7M urea-10% polyacrylamide gels,
which were then silver stained (Bio-Rad Laboratories, Hercules,
CA. USA). For protein studies, antibody-coated Sepharose beads
were mixed with [°S] methionine-labelled Hela extracts. After
washing, the Sepharose beads were resuspended in SDS-sample
butfer (2% SDS, 0% glycerol, 62.5mM Tris-HCl, pH 6.8,
0.005% bromophenol blue). The proteins were then fractionated
by 10% SDS-PAGE gels and dried. Radiolabelled protein
components were analysed by autoradiography. With these
assays, myositis-specific or -associated autoantibodies such as
anti-ARS, anti-signal recognition particle, anti-Mi-2, anti-SSA,
anti-SSB, anti-UI-RNP and anti-Ku autoantibodies are distin-
guishable, compared with corresponding standard sera [2). The
identification of anti-OJ antibodies was accomplished by compar-
ing IPP patterns for both RNA and protein with standard anti-OJ
serum as described previously [13].
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Fie. 1. (A) Immunoprecipitation (IPP) of nucleic acids with representative anti-OdJ sera and controls. Urea {7M) and 10% PAGE of phenol-extracted immunoprecipitates
from Hel.a cell extracts were developed with silver stain. TNA, total nucleic acids, with the 5.8 and 5.0 S small ribosomal RNAs and the tRNA region indicated. Sera used for
IPP include: lanes 1-5, anti-synthetase sera indicated, with antibodies to Jo-1 (histidyl-tRNA synthetase), PL-7 (threonyl-tRNA synthetase), PL-12 (alany-RNA synthetase),
EJ (glycylHRNA synthetase), OJ (isoleucyl-iRNA synthetase); lanes 6-10, anti-OJ sera as indicated; and lane 11, control serum indicated (NHS, normal human serumy.
The tRNA pattern with anti-OJ serais easilry distinguishable from that of the other anti-synthetases. (B) IPP of proteins with anti-OJ sera and controls. Autoradiogram of 10%
SDS-PAGE of immunoprecipitates from [2°S] methionine-labelled Hel a cell extracts. Mr, molecular weight markers of the sizes indicated to the left (kDa). The sera used for
immunoprecipitation are the same as those in Fig. 1A. The same characteristic pattern of protein bands including at least three that were thought to be glutamine, isoleucine
and leucine tRNA synihetases (arrows) was seen with each of the five anti-OJ sera. And the pattern was easily different from the bands immunoprecipitated by sera

containing the other anti-synthetases.

Clinical features

The clinical symptoms, clinical course, laboratory findings,
the results of chest radiography and chest computed
tomography (CT) were retrospectively assessed from medical
records in all patients positive for anti-OJ antibodies. Some
patients were also assessed for electromyogram (EMG), muscle
biopsy, and pathological findings from video-assisted thoraco-
scopic surgery (VATS) at first evaluation. The assessment
of muscle weakness was performed using a manual muscle
test (MMT) {14].

The diagnosis of PM/DM was based on criteria proposed
by Bohan and Peter [15]. ILD was defined according to the
results of chest radiography, chest CT. lung function testing
(percentage predicted forced vital capacity: FVC and carbon
monoxide diffusing capacity: DLCO) and the diagnosis of
[IPs was based on consensus classification of TIPs [16].
The resolution of myositis symptoms was defined as both
improved muscle strength on a manual muscle test and normal-
ization of the serum CK value. Pulmonary symptoms
were considered improved when shown by both chest CT and
pulmonary function testing.

Statistical analyvsis

All comparisons between the two patient groups were performed
using Fisher's 2-tailed exact test or Student’s s-test.
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Results

Tdentification of anti-OJ antibodies

Of the 1183 sera tested, seven immunoprecipitated a characteristic
identical nucleic acid band of tRNA of a size identical to anti-
isoleucyl tRNA synthetase (anti-OJ). Representative examples 2
shown in Fig. 1A. Two bands of RNA in the tRNA size ra:
were immunoprecipitated and are clearly distinguishable from: tie
pattern of tRNAs precipitated by the other anti-ARS antibodies
The same sera also immunoprecipitated several protein bands
corresponding to polypeptides precipitated by anti-OJ standard
serum. These included at least three protein bands that were more
intense than the other seven bands of the OJ complex. These
proteins were easily distinguishable from those immunoprecipi-
tated by sera reactive with the other described anti-ARS
antibodies (Fig. 1B). Thus, it is concluded that they contained
anti-OJ antibodies.

Clinical features in patients with anti-OJ antibodies

In this study, anti-OJ antibodies were detected in four of 120 PM/
DM patients (3.3%) and three of 112 ILD patients (2.7%).
However, anti-OJ antibodies were not detected in other CTDs or
normal human sera.

Clinical features in the seven patients with anti-OJ auteanti-
bodies are summarized in Table 1. Of these seven, four were
female. All seven patients had ILD, although none of them



Clinical features ol anti-OJ antibodies

TasLe 1. Clinical features of patients with anti-OJ antibodies

3of4

Clinical findings #1 #2 #3 #4 #5 #6 &7
Age/gender 51ffemale 62/male 75/female 53/male 69/female 27/male 32/temaie
Diagnosis PM/RA PM PM PM ItPs 1IPs liPs
ILD (+) (+) (+) (+) (+) (+) (+)
%VC (%) 56 88 46 n.a. 7 74 3
DLCO {(mi/min*or) 8.5 12.5 n.a. n.a. 10.4 59 4.1
Histopathology in VATS n.d. n.d. n.d. n.d. COP UiP NSIP
DM rush (=) (=) =) (—) (=) =) (-)
Muscle weakness (+) (+) (+) (+) -) (=) (-}
Maximun CK fevel (1UA) 3,297 648 67 1,682 125 113 33
EMG findings Myogenic® n.d. Myogenic® Myogenic® n.d. n.d. n.d.
Muscle biopsy Myositis” Myositis® n.d. n.d. n.d. n.d. nd.
Arthritis (+) {++) +) +) (-) ) (=)
Raynaud's phenomenon (=) (=) (=) (=) (=) (=) =)
Sclerodactyly =) (=) (=) (=) () (=) (=)
Sjbgren’s syndrome (=) (- (=) (=) (- (=) (-
Duration of the disease {month) 57 49 42 28 43 35 63
Treatment PSL 50mg PSL 80 mg, mPSL pulse, AZA 100 mg PSL 20mg (—) PSL 20mg PSL 60mg PSL 50mg
Burafion of treatment (month) 57 48 41 0 24 11 15
Eifect of treatment (+)° {+)° (+)° (+)¢ (=) (+)

PM: polymyositis, RA: rheumatoid arthritis, DM: dermatomyositis, IIPs: idiopathic interstitial pneumonias, CK: creatine kinase, EMG: electromyogram, H.D: interstitial lung disease, VATS: video-
assisted thoracoscopic surgery, COP: cryptogenic organizing pneumonia, UIP: usual interstitial pneumonia, NSIP: non-specific interstitial pneumonia, PSL: prednisolone, mPSL: methylpredmisolone,
AZA: azathioprine.  Low amplitude, resting fibrillation, positive sharpe wave {denervatrion potencials) were present. ” Atrophy, necrosis with regeneration and infiltration of lymphocytes of muscle fibres
were present, ° Both improvement of muscle weakness on a manual muscle test and the normalization of serum CK value.  Improvement of chest CT and‘or pulmonary function testing.

TasLe 2. Comparison of clinical features in anti-OJ-positive vs anti-do-1-positive
patients

Anti-OJ Anti-Jo-1

(n=7) (n=22)
Age at onset, mean & s.0. years 5318 49 +15
No male/no. female 3/4 7115
Fever (%) 3 (43) 14 (64)
DM rash (%) 0 {0) 6 {27)
Arthritis {%) 4(57) 20 {91)
Myositis (%) 4 (57) 22 (100)
ILD (%} 7 {100) 20 {91)
Raynaud's phenomenon (%) 0 (o)™ 15 (68)~*
Sclerodactyly (%) 0 (0) 1(5)

PM:. polymyositis, DM: dermatomyositis, [LD: interstitial lung disease, |PF: diopathic
pulmonary fibrosis.
*P=0.010,"P=0.002.

progressed to severe acute respiratory failure. Four patients had
muscle weakness that was graded as 4/5 based on MMT and
serum CK elevation. From the results of EMG and muscle biopsy,

four patients were diagnosed as definite or probable PM. Two of

these manifested symptoms of ILD preceding their myositis
symptoms. One of the four PM patients had destructive changes in
joint radiography compatible with RA. The other three patients
had no muscle or skin manifestations but interstitial changes in
the lung at chest high resolution CT and/or histopathlogical
change in VATS resulted in a diagnosis of IIPs. VATS was done in
all patients with IIPs and the results were compatible with
cryptogenic organizing pneumonia (patient #5). usual interstitial
pneumonia (patient #6) and non-specific interstitial pneumonia
(patient #7). No Raynaud’s phenomenon or sclerodactyly was
present at any time in any of the seven patients. Treatment of the
myositis with prednisolone andjor other immunosupressants
resulted in improvement of muscle strength assessed by MMT
and reduction of serum CK level in three PM patients. Three
patients with IIPs had also received prednisolone that had then
been gradually tapered and discontinued: improvement of chest
CT and pulmonary function was achieved in two of them.

Comparison with the clinical features of patients with
anti-0J in the literature

The clinical features of patients with anti-OJ antibodies reported
in the English literature were previously reviewed [11, 12].
Targoff er al. [11] reported on nine patients with anti-OJ and

Gelpi et al. [12] described one patient with co-existing anti-Jo-1
and anti-OJ antibodies.

Frequencies of several clinical manifestations can be compared
between the anti-OlJ-positive patients reported by Targoff er al.
and those in the present study. The frequency of myositis in our
Japanese patients with anti-OJ antibodies tended to be lower than
in the patients of Targoff et al. (57% vs 89%). but this difference
did not reach statistical significance. The {requencies of ILD and
Raynaud’s phenomenon in our series were similar compared with
previously reported patients [11].

Comparison with the clinical features of patients with
anti-QJ and anti-Jo-1 antibodies

In the present study, anti-Jo-1 antibodies, representative of
anti-ARS antibodies, were detected in 22 patients with PM/DM
(18% of PM/DM in our study). We compared the frequencies of
several clinical manifestations between anti-OJ- and anti-Jo-1-
positive patients in our series (Table 2). It was found that the
frequency of myositis and Raynaud’s phenomenon in patients
with anti-OJ was significantly lower than in those with anti-Jo-1
(P=0.010 and P=0.002, respectively), whereas the frequency of
ILD was similar. .

Discussion

Seven sera from 1135 CTD patients or suspected CTDs were
found to contain anti-OJ antibodies. In the present study, these
seven patients seemed not to have the typical features character-
istic of the anti-ARS syndromes previously described. The most
striking differences were that none of them had Raynaud's
phenomenon that is common in anti-ARS syndromes in general.
In fact, the frequency of Raynaud’s phenomenon in our series was
significantly lower than in our patients with anti-Jo-1 antibodies
that are the representative ant-ARS cases. However, the sample is
too small 1o draw a definitive conclusion i this study, but our
results are similar to those in North American patients with anti-
OJ antibodies {11]. Thus, the low [requency of Raynaud’s
phenomenon seems to be a characteristic feature of patients
with anti-OJ autoantibodies compared to other anti-ARS
syndromes.

Three of the anti-OJ-positive patients had no signs of myositis
and were diagnosed as IIPs. This suggested that the presence of
anti-0OJ is more closely associated with ILD than myositis.
as 1$ the case with anti-PL-12 or anti-KS antibodies.
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Although three patients received a diagnosis of 11Ps at this time,
the possibility remains that muscle symploms may appear in the
future, because it is known that pulmonary manifestations can
appear before muscle symptoms in PM/DM patients. Another

possibility is that existing myositis was underdiagnosed because of

the effect of prednisolone treatment; indeed, three patients
diagnosed as TIPs had been taking prednisolone for their
pulmonary symptoms. Nonetheless, it is unlikely that they had
myositis because the duration of prednisolone therapy was
relatively short and they never had any clinical symptoms related
to myositis throughout their clinical course. However, observation
should be continued for identification of any future muscle
symptoms.

The mechanisms responsible for these differences in clinical
features associated with each of the anti-ARS autoantibodies are
unknown and an accumulation of larger numbers of cases will be
required to clarify this in the future.

In conclusion, we report seven Japanese patients with anu-0J
antibodies classed as suffering from 11Ps or PM accompanied by
ILD. These patients lacked any manifestations of Raynaud’s
phenomenon or sclerodactyly. Anti-OJ autoantibodies are a
clinically important marker for a specific subset of anti-ARS
syndrome that is more closely associated with ILD than myositis
or Raynaud’s phenomenon. The measurement of anti-OJ was
found to be useful for diagnosis of patients with 1LD with or
without myositis. Further analysis of these autoantibodies may
provide insights into the etiological and pathogenetic mechanisms
of ILD and myositis.

o Anti-OJ autoantibodies may distinguish a subtype of anti-ARS
syndrome that is more closely associated with ILD than myositis or
Raynaud's phenomenon.

e Anti-OJ autoantibodies are closely associated with ILD.
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teins (anti-P) for neuropsychiatric systemic lupus
erythematosus (NPSLE) in general, for psychosis,
mood disorder, or both, and for other diffuse mani-
festations,

Methods. This international meta-analysis com-
bined standardized data from 1,537 lupus patients
contributed by 14 research teams. Weighted estimation
of gensitivity and specificity with fixed-effects and
random-effects models, as well as summary receiver
operating characteristic (SROC) curve analysis, was
used to summarize test performance, The robustness of
the overall estimates was examined in sensltivity analy-
ses that included additional studies published up to
November 1, 2004 in the Medline, EMBase, and Coch-
rane databases,

Results, Combining the data from the 14 teams,
the weighted sensitivity and specificity estimates for the
diagnosis of NPSLE were 26% (95% confidence interval
[95% CI] 15-42%) and 80% (95% CI 74-85%), respec-
tively. For psychosis, mood disorder, or both, the sensi-
tivity and specificity were 27% (95% Cl1 14-47%) and
80% (95% CI 74~85%), respectively. For other diffuse
manifestations, the sensitivity was 24% (95% CI 12~
42%), and the specificity was 80% (95% CI 73-85%). The
proportion of patients with antl-P antlbodies did not
vary markedly across different presentations of NPSLE.
Between-study heterogenelty was substantial, but the
SROC curves were consistent with the weighted esti-
mates, In further analyses that included another 24
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published studies, only the sensitivity for psychosis
and/or mood disorder was slightly improved, but it
was still suboptimal (42% [95% CI 30-53%]); the spec-
ificity remained essentlally the same (81% [95% CI
76-85%]}).

Conclusion. Anti-P antlbody testing has Hmited
diagnostic value for NPSLE, and it is not helpful in
differentiating among various disease phenotypes.

Neuropsychiatric manifestations occur in approx-
imately one-half of patients with systemic lupus ery-
thematosus (SLE) and may cause substantial impair-
ment of quality of life as well as disability (1-3).
Moreover, multiple neuropsychiatric events during the
disease course are associated with adverse long-term
prognosis (4,5) and may lead to death, with a mortality
rate of 7-19% (2,5,6). Neuropsychiatric SLE (NPSLE)
encompasses a multitude of symptoms involving the
central, peripheral, and autonomic nervous systems as
well as psychiatric disorders (7). Recently, an ad hoc
committee of the American College of Rheumatology
(ACR) proposed a standard nomenclature for 19 neu-
ropsychiatric syndromes associated with SLE (7), yet
NPSLE is difficult to diagnose and is challenging to
treat. Secondary factors, such as drugs, metabolic abnor-
malities, or infections, can also cause neuropsychiatric
disturbances in lupus patients (3,7). Manifestations re-
flecting diffuse cerebral involvement pose the foremost
difficulty in differentiating their exact origin, since psy-
chiatric disorders may merely be reactive psychological
disturbances (2,3,7).

During the last 2 decades, several studies have
explored the utility of antibodies to ribosomal P proteins
(anti-P) in detecting NPSLE (6,8-35). These antibodies
are directed toward 3 large-subunit ribosomal phospho-
proteins, called PO (38 kd), P1 (19 kd), and P2 (17 kd),
which share a common linear determinant in the
carboxyl-terminal 22-amino acid sequence (36). Early
studies claimed that serum anti-P antibodies were highly
accurate for the diagnosis of SLE-mediated psychosis
and depression (9,26), but subsequent reports were less
optimistic (11-13,18,20,25,27,31). Other studies ex-
panded the spectrum of neuropsychiatric features that
could be correlated with anti-P to include active disease,
diffuse manifestations, or NPSLE overall (6,25,28,30),
making even more uncleat their clinical value for this
entity. Methodologic shortcomings, including the crite-
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ria used to define NPSLE, the approaches adopted for
detecting anti-P antibodies, and the small sample size
of isolated studies, may have contributed to the uncer-
tainty.

Because SLE is a relatively uncommon disease
and NPSLE is even more uncommon, no single study
can reliably assess the operating characteristics of anti-
P antibodies. Yet, a rigorous appraisal of a diagnostic
test may teduce the number of unwanted clinical
consequences related to misleading estimates of the
accuracy of that test, Ideally, one would like to assess
the diagnostic accuracy of a test across a large study
population and use similar, standardized, and repro-
ducibie methods. In the absence of a single very large
study that could do this, an attractive alternative is to
standardize data across existing cohorts of lupus pu-
tients, Therefore, the aim of this study was to evaluat:
the diagnostic performance of anti-P antibodies for
NPSLE in general, for diffuse NPSLE manifestations,
and for particular psychiatric syndromes (psychosis,
mood disorder, or both) in the context of an interna-
tional collaborative meta-analysis, with standardization
of the data contributed by a large number of inves-
tigators.

PATIENTS AND METHODS

Ellgibility criteria, The meta-analysis included
lupus patients with and without NPSLE who had undergone
serum anti-P antibody testing by immunoblotting, a standard
enzyme-linked immunosorbent assay (ELISA), or both
(37-39).

To ensure consistency, participating investigators were
asked to comply with the following rules. Patients had to fulfill
the ACR criteria for the classification of SLE (40) and had to
be evaluated for the presence or absence of neuropsychiatric
lupus syndromes according to the ACR nomenclature and case
definitions (7). Patients with a neuropsychiatric syndrome
during any time in the course of SLE were classified into 3
subgroups: those with psychosis, mood disorders, or both:
those with other diffuse (2,6) manifestations (including ac:.-.
confusional state, generalized seizures, cognitive dysfunct:
anxiety disorder, and headache other than migraine or ¢l
headache), and those with focal (2,6) neurologic events
cluding cerebrovascular disease, partial seizures, migrainc -
cluster headache, myelopathy, demyelinating syndrome, move
ment disorder, aseptic meningitis, and syndromes of the peri-
pheral nervous system) (7). When both diffuse and focal events
occurred in the same patient, the designation was made
according to the predominant manifestation. Severe, sus-
tained, or progressive presentations requiring more-aggressive
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treatment with cytotoxic immunosuppressive agents were con-
sidered to be predominant.

Collaborating investigators provided a clear deserip-
tion of the immunoassay(s) used for anti-P determination, with
sufficient detail to permit replication (41), When both immuno-
blotting and ELISA had been used, data were reported
separately for each method. Patients who had undergone
testing for anti-P multiple times were considered to have this
autoantibody specificity if at least 1 of the determinations
yielded positive results, Investigators were also asked to specify
whether immunoassays were performed without knowledge of
the clinical condition of the patients and whether the diagnosis
of NPSLE, as well as the assignment of neuropsychiatric
syndromes, was accomplished without knowledge of the anti-P
status of the participants,

Organizatlon of the International database. Research
teams who have previously published data on cohorts of SLE
patients were invited to participate in this meta-analysis,
provided that the study patients met the eligibility criteria
defined above. Collaborating teams were identified through
searches of the Medline, EMBase, and Cochrane databases
conducted in January 2003, using combinations of index terms
(systemic lupus erythematosus, rheumatic diseases, connective
tissue disease, or autoimmune disease, as well as ribosomal,
antiribosomal, anti-P, or antineuronal), cited references of
eligible studies and review articles, abstracts of major rheuma-
tology conferences, and consultation with experts in the field.
We e-mailed invitations to investigators working on SLE. The
meta-analysis was also announced at an autoimmune disease~
related scientific meeting (42). Pertinent data were contributed
on a standard reporting form, The database remained open
until July 2004,

Research teams from 14 centers (8 European, 4 Asian,
and 2 South American) agreed to participate, We accepted
data that were already available as well as data that were
prospectively generated specifically by some of the participat-
ing teams for the purposes of the collaborative project. The
effort was coordinated by the Clinfeal and Molecular Epi-
demiology Unit of the Department of Hygiene and Epide-
miology at the University of Ioannina School of Medicine.
The coordinating center was responsible for giving instruc-
tions to participating investigators on how to standardize and
summarize their individual-level databases, The contributed
data sets were assessed for potential etrors or inconsistencies
and then assembled at the coordinating center, which was
also responsible for conducting the analyses. Queries were
clarified through communications with the participating in-
vestigators,

Data synthesis and statistical analysis, Measures of
diagnostic performance included sensitivity and specificity of
anti-P antibodies for various forms of NPSLE. The main
analysis involved the following 4 comparisons: NPSLE overall
and each subgroup of NPSLE (psychosis and/or mood disor-
det, other diffuse manifestations, and focal events) versus the
non-NPSLE group; all diffuse manifestations versus focal
events; and psychosis and/or mood disorder versus other
diffuse manifestations, These analyses address the discrimina-
tory ability of the test for NPSLE in general, for each disease
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subtype, and for different neuropsychiatric presentations, To
further pursue the possibility that anti-P may be specifically
assoeinted with particular psychiatric disorders (8,9,16,22,26),
we evaluated the diagnostic accuracy of anti-P antibody for
patients with psychosis and/or mood disorder versus all other
lupus patients.

Test performance was estimated separately from stud-
fes that used immunoblotting for the detection of anti-P
untibodies and from studies that used ELISA., In the overall
analysis, when both imnunoblotting and ELISA data were
available from the same study, the results from the ELISA
were used for the caleulations. Diagnostic accuracy was also
evaluated for subgroups defined by race.

Summary estimates were obtained with 2 meta-analytic
methods: weighted independent estimation of sensitivity and
specificity, and summary receiver operating characteristic
(SROC) curve analysis,

Sensitivity and specificity estimates for each com-
parison were independently combined across studies, using
both fixed-effects (Mantel-Haenszel) and random-effects
(DerSimonian-Laird) models (43,44). Fixed-effects models
weigh each study by the inverse of its variance, Random-
effects models also incorporate between-study variation,
The random-effects approach tends to provide wider con-
fidence intervals (CIs) and is preferable in the presence of
between-study heterogeneity. Except where indicated
otherwise, random-effects estimates are provided below,
Between-study heterogeneity was examined with Fisher's
exact test.

Because sensitivity and specificity are interdependent,
independent weighting may sometimes undetrestimate both
measures, Hence, we used SROC curve analysis to account for
this mutual dependence (45,46), The method fits & curve
describing the tradeoff between semsitivity and specificity
across studies, with different characteristics and thresholds for
an abnormal test result. The regression is calculated as follows:
D = « + gS, where D is the difference in the logits of the
true-positive rate (sensitivity) and the false-positive rate (1 ~
specificity), and 8 is the sum of these logits. When B is not
significantly different from 0, the SROC curve is symmetric
around the diagonal that runs from the top left corner to the
bottom right corner of the diagram, Conversely, when § is
significantly different from 0, the SROC curve is not symmet-
rie, and the overall diagnostic performance varies in different
parts of the curve, with an uneven tradeoff between sensitivity
and specificity across studies. This may indicate significant
between-study variation in the selected test threshold, study
population, or other parameters. SROC curves should not be
extrapolated outside the range of observed values, Both non-
weighted and weighted SROC curves were estimated (46,47);
nonweighted curves consider all studies equally in the calcula-
tions, whereas weighted curves weigh each study by the vari-
ance of D.

Inclusion of other published data. Sensitivity ana-
lyses were conducted to examine whether the addition of
further relevant published studies affected our summary esti-
mates of the operating characteristics of anti-P antibodies,
Only the following 2 comparisons were examined, since articles
focused on these patient groups: the entire group of NPSLE





