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ABSTRACT

PURPOSE: To identify initial laboratory findings useful for the later diagnosis of idiopathic throm-
bocytopenic purpura (ITP) in adult patients with thrombocytopenia.

SUBJECTS AND METHODS: We studied 62 consecutive adult patients who had thrombocytopenia
and whose peripheral blood film was normal except for thrombocytopenia at presentation. Each patient
underwent physical examination and routine laboratory tests and was prospectively followed for 22.5 +
9.8 months (range, 8 to 41 months). The frequency of antiglycoprotein (GP) [Ib/1lla antibody-producing
B cells, the presence of platelet-associated and plasma anti-GPIIb/IIla antibodies, the percentage of
reticulated platelets, and the plasma thrombopoietin level were examined at the first visit. The final
diagnosis was based on the clinical history, physical examination, complete blood test, bone marrow
findings, and the clinical course at last observation.

RESULTS: Forty-six patients were diagnosed as having ITP and 16 as having another disorder,
including myelodysplastic syndrome, aplastic anemia, amegakaryocytic thrombocytopenia, and re-
duced platelet production, with or without other cytopenias, and without dysplasia or evidence for
destruction. Six initial laboratory findings discriminated ITP from other diagnoses: the absence of
anemia, absence of leukocytopenia, increased frequency of anti-GPIIb/ITIa antibody-producing B cells,
increased platelet-associated anti-GPIIb/Illa antibodies, elevated percentage of reticulated platelets. and
a normal or slightly increased plasma thrombopoietin level. Three or more of these ITP-associated
findings were found at presentation in 44 patients (96%) with thrombocytopenia later diagnosed as ITP,
compared with only 1 patient (6%) whose disorder was non-ITP.

CONCLUSION: Initial laboratory findings can well predict future diagnosis of ITP. Further studies
prospectively evaluating these same diagnostic criteria on another, independent set of patients are necessary.
© 2005 Elsevier Inc. All rights reserved.

Thrombocytopenia is a common clinical manifestation of
many diseases and has various causes, including decreased
bone marrow production, increased splenic sequestration,
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and accelerated destruction of platelets.! One of the major
causes of accelerated platelel consumption is immune
thrombocytopenia, in which platelet destruction is mediated
by antiplatelet autoantibodies.'?* This condition is seen in
patients with various diseases, such as systemic lupus ery-
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Figure 1

Anti-glycoprotein (GP) IIb/IIla antibody-producing B cell frequency (A), platelet-associated anti-GP IIb/IIla antibodies (B),

plasma anti-GPIIb/Illa antibodies (C). percentage of reticulated platelets (D), and plasma thrombopoietin level (E) in 62 patients with
thrombocytopenia at first visit, grouped according to the final diagnosis. Forty-six patients received the diagnosis of idiopathic thrombo-
cytopenic purpura (ITP), 8 patients received the diagnosis of myelodysplastic syndrome, 3 patients received the diagnosis of aplastic
anemia/amegakaryocytic thrombocytopenia, and 5 patients received the tentative diagnosis of reduced platelet production, with or without
other cytopenias, without dysplasia or evidence for destruction. Broken lines in individual panels denote cut-off levels that were based on
the results of healthy controls: anti-GPIIb/IIIa antibody-producing B cell frequency, 2.0/10° peripheral blood mononuclear cells; platelet-
associated anti-GP1Ib/IlIa antibodies, 3.3 units; plasma anti-GP1Ib/IIla antibodies, 5.0 units; percentage of reticulated platelets, 2.0%; and

plasma thrombopoietin level, 142 pg/mL.

thematosus and infection with the human immunodeficiency
virus, and it can also occur without an underlying disease, in
which case it is known as idiopathic ' thrombocytopenic
purpura (ITP).? Currently, the diagnosis of ITP is princi-
pally based on the exclusion of other possible concurrent
causes of thrombocytopenia.>* In the guidelines proposed
by the American Society of Hematology,” the panel recom-
mended that the diagnosis of ITP be made in patients who

have thrombocytopenia and who lack findings that are atyp-
ical for ITP or that suggest another diagnosis by history,
physical examination, complete blood count, or peripheral
blood film. No further laboratory tests are considered nec-
essary. A similar guideline has been reported by the British
Committee for Standards in Haematology General Haema-
tology Task Force.” However, there are potential problems
with a diagnosis of exclusion, as noted by Chong and Keng®
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Table 1
having a non-ITP disorder

Demographic and laboratory findings at first visit of 46 patients later diagnosed as having ITP and 16 later diagnosed as

Number (%), Mean = SD

TP Non-ITP

Demographic and laboratory findings (n = 46) {n = 16) P value
Women 33 (72) 8 (50) 0.2
Age at first visit (years) 50.2 * 18.2 59.0 + 17.4 0.09
Anemia 11 (24) 14 (88) <0.001
Leukocyte count (x 10°/L) 5315 40 =09 <0.001
Platelet count (x 10%/L) 46 = 24 59 + 20 0.04
Anti-GPIIb/IIla antibody-producing B cells (/10°

peripheral blood mononuclear cells) 7.6 £ 4.2 29 * 4.1 <0.001
Platelet-associated anti-GPIIb/IIIa antibodies (units) 16.3 * 22.3 4.2 * 83 0.01
Plasma anti-GPIIb/IIIa antibodies (units) 29 £ 25 4159 0.8
Reticulated platelets (%) 2819 1.4+ 0.9 0.001
Plasma thrombopoietin (pg/mL) 126 * 85 525 * 429 <0.001

GP = glycoprotein; ITP = idiopathic thrombocytopenic purpura.

and by McMillan et al,” who suggested that the guideline’s

recommendations are not rigorous enough to make an ac-
curate diagnosis of ITP. In addition, this diagnostic process
largely relies on the experience of hematologists who spe-
cialize in this field, whereas many less experienced physi-
cians see patients with decreased platelet counts. Therefore,
other practical criteria are needed for diagnostic accuracy in
clinical settings.

The presence of anti-platelet antibodies is a hallmark of
the autoimmune nature of ITP.® Anti-platelet antibodies in
patients with ITP preferentially recognize platelet surface
glycoproteins (GP), and the most common target is GPIIb/
I11a.® Several antigen-specific assays are reported to be
useful in identifying patients with ITP.”*!® We have also
reported that an enzyme-linked immunospot assay for the
detection of circulating B cells secreting anti-GPIIb/Illa
antibodies is a sensitive, specific, and convenient method
for evaluating the presence or absence of autoantibody-
mediated thrombocytopenia.'! In addition, the percentage
of reticulated platelets and the circulating thrombopoietin
level are reported to be useful in discriminating a state of
accelerated platelet destruction from that of decreased plate-
let production.'?'* To evaluate the potential usefulness of
these laboratory tests for the diagnosis of ITP, we conducted
a prospective study of patients who had thrombocytopenia
without any other morphologic abnormalities in their pe-
ripheral blood film at first visit.

Subjects and methods

Subjects

We prospectively investigated all 62 adult patients who
had thrombocytopenia, who first visited the outpatient
clinic at Keio University Hospital during a 3-year period

(from January 2000 to December 2002), and who met the
inclusion criteria: thrombocytopenia <100 X 10°/L; the
absence of any other morphologic abnormalities in the
peripheral blood film; exclusion of pseudothrombocyto-
penia; no clinical or serologic evidence of associated
conditions or factors that can cause thrombocytopenia,
such as systemic lupus erythematosus, infection with the
human immunodeficiency virus, lymphoproliferative dis-
orders, liver cirrhosis, or therapy with drugs such as
heparin or quinidine; and no previous treatment with
corticosteroids or splenectomy. In our outpatient clinic,
antinuclear antibody testing was routinely performed on
patients with thrombocytopenia, and serologic tests for
human immunodeficiency virus and hepatitis C virus
were performed on patients who were judged to be at
clinical risk. At the first visit, a detailed history and
physical examination and routine laboratory tests, includ-
ing complete blood count and peripheral blood film, were
performed on all patients. At the same time, 20 mL of
peripheral blood was obtained for the evaluation of the
anti-GPIIb/IIla antibody response and platelet turnover.
A total of 10 demographic and laboratory findings were
recorded for each patient at study entry. These included
sex, age at first visit, erythrocyte count, leukocyte count,
platelet count, anti-GPIIb/Illa antibody-producing B cell
frequency, platelet-associated and plasma anti-GPIIb/IIla
antibodies, percentage of reticulated platelets, and
plasma thrombopoietin level. An erythrocyte count <4.3
X 10'2/L (men) or <3.7 X 10'%/L (women) was regarded
as anemia. All blood samples were obtained after the
patients gave written informed consent, as approved by
the Keio University Institutional Review Board.

All patients underwent a bone marrow examination and
were followed by one of the investigators for 22.5 + 9.8
months (range, 8 to 41 months). The investigator was
blinded to the results of the 5 specialized tests for evaluating
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antigen.'”*® Antibody units were calculated from the ODysp
results, based on a standard curve obtained from serial con-
centrations of pooled plasma with a high titer of IgG anu-
GPIIb/Ia antibodies at dilutions ranging from 1:50 to 1:6400.
One unit of anti-GPIIb/I11a antibody was defined as the amount
present in the pooled plasma diluted 1:3200. All samples were
examined in duplicate, and the results were calculated as the
mean of two values. An abnormal value for platelet-associated
antibody was defined as = 3.3 units and an abnormal value for
plasma anti-GPIIb-Illa antibody was defined as = 5.0 units,
based on 5 standard deviations above the mean obtained from
40 healthy persons.

Evaluation of platelet turnover

Reticulated platelets were detected by staining platelets with
thiazole orange (Retic-COUNT, Becton Dickinson, San Jose,
Calif) followed by the flow cytometric analysis described pre-
viously.?'?2 The fluorescence histogram was analyzed using a
linear gate set to capture 1% of the reticulated platelet counts.
This standard gate was used to analyze data from all samples
and measure the percentage of thiazole orange-positive plate-
lets in this gate. When a single such marker was used to
analyze a series of 40 healthy control samples to determine the
variability of the technique, the average percentage of reticu-
lated platelets was 0.85% = 0.23% (range, 0.2% to 1.5%). An
abnormal value for the percentage of reticulated platelets was
defined as greater than the mean plus S standard deviations
(2.0%) in our assay system. Possible day-to-day variability was
assessed in 2 healthy control subjects; the inter-assay coeffi-
cient of variation was 9.6%, and the intra-assay coefficient of
variation was 5.4%. The plasma thrombopoietin level was
measured using a commercially available enzyme-linked im-
munosorbent assay kit (Quantikine; R&D Systems, Minneap-
olis, Minn) according to the manufacturer’s protocol. The
mean plasma thrombopoietin level in 30 healthy persons was
83.9 = 11.7 pg/mL (range, 50 to 126 pg/mL). A thrombopoi-
etin level of = 142 pg/mL was defined as abnormal based on
a normal mean plus 5 standard deviations.

Statistical analysis

Confidence intervals were calculated for each sensitivity, spec-
ificity, positive predictive value, and negative predictive value.
Comparisons between 2 patient groups were tested for statis-
tical significance using the nonparametric Mann-Whitney test
or the chi-squared test, as appropriate.

Results

Clinical diagnosis of patients
with thrombocytopenia

For the 62 patients, the clinical diagnosis was ITP in 46
patients (74%), myelodysplastic syndrome in 8 (13%),

aplastic anemia in 2 (3%), and amegakaryocytic thrombo-
cytopenia in 1 (2%). Five patients (8%) did not have a
definitive final diagnosis at the last observation (observation
period ranged from |1 to 23 months), because they contin-
ued to have reduced megakaryocytes in the bone marrow,
alone or in combination with other lineages, without mor-
phologic evidence for dysplasia. These patients were tenta-
tively diagnosed as having reduced platelet production, with
or without other cytopenias, and without dysplasia or cvi-
dence for platelet destruction. Among the 46 patients with a
diagnosis of ITP, 32 received corticosteroids and showed a
subsequent partial or complete response. Three patients who
were refractory to corticosteroid therapy underwent sple-
nectomy, which successfully increased the platelet count.

.All 6 patients who were treated with intravenous immuno-

globulin experienced an increase in platelet count. Five
patients with ITP were treated for Helicobacter pylori, and
3 showed a significant increase in platelet count after the
successful eradication.

Clinical and laboratory findings in ITP
versus non-ITP

The initial findings for evaluation of anti-GPIIb/IIIa anti-
body responses and platelet turnover were compared ac-
cording to final clinical diagnosis (Figure). High levels of
anti-GPIIb/1T]a antibody-producing B cell frequency, plate-
let-associated anti-GPIIb/IIIa antibodies, and the percentage
of reticulated platelets were detected almost exclusively in
patients who later received a final diagnosis of ITP. The
plasma thrombopoietin level was normal or slightly
increased in patients with ITP, but more than half the pa-
tients with myelodysplastic syndrome, aplastic anemia,
amegakaryocytic thrombocytopenia, or reduced platelet
production, with or without other cytopenias, without dys-
plasia or evidence for platelet destruction, had an extremely
high plasma thrombopoietin level. An increased level of
plasma anti-GPIIb/II1a antibodies was found in only a small
number of patients, irrespective of the final diagnosis.

The 46 patients with a final diagnosis of ITP tended to be
younger than the 16 patients with other diagnoses (Table 1).
Six laboratory findings, including the presence or absence of
anemia, the leukocyte count, the frequency of anti-GPIIb/
I1Ia antibody-producing B cells, the platelet-associated anti-
GPIIb/lIIa antibody level, the percentage of reticulated
platelets, and the plasma thrombopoietin level, were differ-
ent at presentation in patients later diagnosed as having ITP
than in other patients. The initial platelet count was mar-
ginally lower in ITP compared with other diagnoses. The
sensitivity, specificity, positive predictive value, and nega-
tive predictive value for each of these laboratory findings
(Table 2) showed that no single test was sufficient to diag-
nose ITP in patients with thrombocytopenia. The combina-
tion of 3 simple and inexpensive tests (anemia, leukocyte
count, and reticulated platelets) also had a low sensitivity
and negative predictive value, but the addition of any one of
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the substantially more costly tests improved sensitivity and
negative predictive value (Table 3). When the presence of 3
or more of the 6 initial ITP-associated laboratory findings
was regarded as possible ITP, a positive result was detected
in 44 of 46 patients ultimately diagnosed as ITP (96%) but
in only 1 (6%) of 16 patients without ITP, indicating a
sensitivity of 96%, specificity of 94%, positive predictive
value of 98%, and negative predictive value of 88%.

Discussion

This prospective study demonstrates that 6 laboratory tests
(erythrocyte count, leukocyte count, anti-GPIIb/Illa anti-
body-producing B cells, platelet-associated anti-GPIIb/Illa
antibodies, reticulated platelets, and plasma thrombopoietin
level) performed at the first visit are useful to predict a
future diagnosis of ITP. These laboratory findings associ-
ated with the diagnosis of ITP are categorized into 3 groups
that individually reflect different aspects of the disease: a
lack of abnormality in myeloid and erythroid lineages, the
presence of autoantibody response to platelet-specific
GPIIb/II]a, and preserved platelet production. Three simple
and inexpensive tests plus at least 1 of the other more costly
ITP-associated laboratory tests measured together at first
visit were a relatively sensitive and specific way to discrim-
inate between the future diagnosis of ITP as compared with
other conditions. However, it was difficult to determine
which combination was most reasonable, probably because
the number of patients examined in this study was relatively
small. Further multicenter studies involving larger patient
cohorts are necessary to make a decision regarding the least
expensive and more efficient combination of laboratory
tests to detect ITP.

To evaluate the autoimmune nature of the disease, the
autoantibody response to GPIIb/IIIa, a major target of an-
tiplatelet autoantibodies, was examined using 2 different
methods that have complementary advantages and disad-
vantages. The enzyme-linked immunospot assay is very
sensitive, but this assay system detects B cells that produce
antibodies reacting with immobilized GPIIb/Illa irrespec-
tive of their capacity to bind platelet surfaces. This assay
would therefore give a false-positive result in patients who
have antibodies that react with GPIIb/IIIa but fail to bind
platelet surfaces, ie, antibodies that recognize a cytoplasmic
domain of GPIlla.?? This result may have occurred in 1 of
the patients with myelodysplastic syndrome, who showed
highly positive results with anti-GPIIb/Illa antibody-pro-
ducing B cells and plasma anti-GPIIb/Illa antibodies but
who did not have platelet-associated anti-GPlIb/Illa anti-
bodies. Conversely, immunologic assays for platelet-asso-
ciated anti-GPIIb/I1Ia antibodies specifically detect antibod-
ies capable of binding platelet surfaces, although the
sensitivity is somewhat low.”%1%2% The plasma anti-GPIIb/
IITa antibody level was not useful in the diagnosis of ITP, as
reported previously,zo‘z‘1 because the majority of pathogenic

anti-GPIIb/IIla antibodies capable of binding platelets are
present on platelet surfaces, rather than in the circulation.
An increase in sensitivity might be achieved by simulia-
neously measuring the autoantibody response to other plate-
let-specific GP, such as GPIb/IX B

Reticulated platelets are young platelets that have been
recently released into the circulation and contain elevated
levels of nucleic acid components.”®> The proportion of
reticulated platelets among circulating platelets reflects
platelet turnover.?'>? Thrombopoietin is a principal regula-
tor of megakaryo-thrombopoiesis, and its circulating level is
inversely correlated with the absolute number of bone-
marrow megakaryocytes and platelets.’® These parameters
are rapid, noninvasive tests that provide information about
activity of the megakaryocytes in the bone marrow and
platelet life span. Our prospective study showed that these
convenient tests are useful for discriminating between ITP
and hypoplastic thrombocytopenia, consistent with previous
reports.' > '3

In summary, initial laboratory findings that predicted
future diagnosis of ITP identified in this study could poten-
tially be included in future diagnostic criteria for adult I'TP.
Because the various combinations of diagnostic tests were
retrospectively classified in this study, prospective evalua-
tion of the same diagnostic criteria on another, independent
set of patients is necessary.
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Objective. We have recently developed an enzyme-
linked immunosorbent assay (ELISA) for detection of
anti-RNA polymerase III (anti-RNAP III) antibody,
using a recombinant fragment containing the immuno-
dominant epitope as the antigen source. This study was
conducted to assess the analytical accuracy and clinical
associations of the anti—-RNAP III ELISA in patients
with systemic sclerosis (SSc).

Methods. To evaluate analytical sensitivity and
specificity of the ELISA, both immunoprecipitation
tests and ELISA were used to detect anti-RNAP III
antibody in 534 SSc sera from patients at 3 medical
centers. Sera from 522 SSc patients and 516 controls,
including patients with other connective tissue diseases
and blood bank denors, were also evaluated to assess
the clinical sensitivity and specificity of the ELISA.
Clinical findings in anti-RNAP III antibody-positive
SSc patients were compared between patient groups
stratified according to anti-RNAP III antibody levels
determined by the ELISA.
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Results. In SSc patients, our ELISA showed ana-
Iytical sensitivity of 91% and analytical specificity of
99% compared with the immunoprecipitation assay (a
gold standard for detection of anti-RNAP III antibody).
The additional analysis using a large series of SSc and
control sera showed that clinical sensitivity and speci-
ficity of the ELISA with respect to the diagnosis of SSc
were 17% and 98%, respectively. A high level of anti-
RNAP HI antibody was associated with diffuse cutane-
ous SSc, higher maximum total skin score, and in-
creased frequency of tendon friction rubs.

Conclusion. The anti-RNAP III ELISA is analyt-
ically accurate and clinically specific. With this assay,
testing for anti-RNAP III antibody can be made rou-
tinely available.

Systemic sclerosis (SSc) is a multisystem connec-
tive tissue disorder characterized by fibrosis of the skin
and microvascular injury (1). A prominent immunologic
feature in SSc is the presence of circulating autoantibod-
ies directed against various nuclear antigens, such as
topoisomerase I (topo I) and centromere/kinetochore
(2). These SSc-associated antibodies are useful in the
diagnosis of SSc and classification of patients, and thus
are widely used in clinical settings (1,2). In addition, sera
from a subset of SSc patients recognize 1 or more
subtypes of RNA polymerase (RNAP) (2-4). Autoanti-
bodies to RNAP I and RNAP I1I always coexist, and this
pattern of antibody response is highly specific for SSc¢
(2-4). Some SSc sera that are positive for antibodies to
RNAP I and RNAP III contain anti-RNAP II antibody
as well. Antibody to RNAP II alone is also detected in
SSc patients with anti-topo I antibody and in a small
number of patients with systemic lupus erythematosus
(SLE) or overlap syndrome (5). Thus, anti-RNAP 11
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antibody is not a specific marker for SSc. In North
American white patients with SSc, the frequency of
serum anti-RNAP [l antibody positivity is similar to
that of positivity for anti-topo I and anticentromere
antibodies (6). Anti-RNAP III antibody is associated
with diffuse cutaneous involvement and renal crisis (3,4).
Therefore, it is a useful marker for the diagnosis,
prognosis, and subclassification of SSc. .

Anti-RNAP III antibody studies are not used in
routine clinical practice because there is no convenient
assay available for detection. Anti-RNAP III antibody
was originally identified by immunoprecipitation (IP)
assay using radiolabeled cultured cell extracts, requiring
the use of radioisotopes and complicated procedures
(2-4). We have recently identified an antigenic epitope
on amino acid residues 891-1020 on RPC155, the largest
subunit of RNAP III, recognized by nearly all SSc sera
that are positive for anti-RNAP III antibody (7). Using
a recombinant fragment encoding the major epitope
region on RPC155 as an antigen source, we have suc-
cessfully developed an enzyme-linked immunosorbent
assay (ELISA) for the detection of anti-RNAP III
antibody. This ELISA system appeared highly sensitive
and specific based on complete concordance with an IP
assay (a gold standard for the presence of anti—-RNAP
III antibody), but the number of patient sera examined
was relatively small and the specimens were obtained
from a single medical center (7). In the present study,
analytical accuracy and clinical associations of this anti—
RNAP III ELISA were examined using a large series
of sera collected from 3 medical centers in Japan and
the US.

PATIENTS AND METHODS

Patients and controls. Three groups of SSc patients
were included in this study: 265 patients from Keio University
School of Medicine (all Japanese), 196 patients from the
Medical University of South Carolina (134 white, 55 African
American, 5 Hispanic, and 2 Asian), and 73 patients from the
University of Pittsburgh School of Medicine (65 white and 8
African American). All patients had disease that met the
American College of Rheumatology (formerly, the American
Rheumatism Association) preliminary classification criteria
for SSc (8). SSc patients from Tokyo and South Carolina were
randomly selected from computer databanks, while patients
from Pittsburgh were selected based on the presence of
anti-RNAP I antibody by IP assay. Sera from the Japanese
patients included 20 that were tested for a previously described
study (7). Serum samples from all patients were obtained
within 1 year of first presentation with SSc; serial samples were
available from some patients.

To assess clinical sensitivity and specificity, we addi-
tionally collected control scrum samples from subjects in
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Tokyo and Pittsburgh. Sera from subjects in Japan were from
82 patients with systemic lupus crythematosus (SLE), 24
patients with polymyositis/dermatomyositis (PM/DM), 54 pa-
tients with rheumatoid arthritis (RA), 32 patients with primary
Sjogren’s syndrome (SS), and 48 blood bank controls; sera
from subjects in Pittsburgh were from 53 patients with SLE, 26
patients with PM/DM, 30 patients with RA, and 167 blood
bank controls. All patients with SLE, PM/DM, RA, and
primary SS met the corresponding disease classification or
diagnostic criteria (9-12). For this analysis, 257 SSc sera were
newly selected from the serum bank of the University of
Pittsburgh. All samples were obtained after the patients and
control subjects gave written informed consent, and the study
was approved by the respective institutional review boards.
Clinical features. Clinical and laboratory findings were
recorded for the majority of SSc patients from Tokyo and
Pittsburgh. Complete medical histories, physical examinations,
and laboratory analyses were performed on all patients at the
first visit, and limited evaluations were completed during
followup visits. These patients had been observed regularly by
clinical staff for a minimum of 5 years. SSc patients were
classified as having diffuse or limited cutaneous disease. Dif-
fuse cutaneous disease was considered present if, at any time
during the course, skin thickening proximal to the elbows or
knees (e.g., upper arms, thighs, anterior chest, or abdomen)
was present. The modified Rodnan total skin score (13) was
serially recorded, and the maximum score recorded during the
disease course was used for analysis. The definitions used to
determine organ involvement, including involvement of the
peripheral vasculature (digital ulcers and/or gangrene), joint,
esophagus, small intestine, lung (pulmonary interstitial fibrosis
and isolated pulmonary arterial hypertension), heart, kidney
(renal crisis), and muscle, have been described previously
(4,14). End-stage lung disease was defined as forced vital
capacity <50% of predicted and/or lung-related death (15).
IP assay. Anti-RNAP III antibody was detected by IP
assay using **S-labeled HeLa cell extracts (3,16). Identification
of anti-RNAP HI antibody was based on immunoprecipitation
of large subunits for RNAP III, i.e., 155-kd (RPC155) and
138-kd proteins, in comparison with the standard sera.
Expression and purification of recombinant RNAP III
fragments. Recombinant fragments encoding RPC155 and
RPC62, subunit components of RNAP 111, were used in this
study. Specifically, amino acid residues 891-1020 of human
RPCI55 and the entire open-reading frame of human RPC62
were expressed as recombinant maltose-binding protein fusion
proteins (rRPC155C-g and rRPC62, respectively) in a bacterial
expression system (7). Individual recombinant proteins were
purified from soluble bacterial lysates using amylose-resin
affinity chromatography according to the protocol suggested
by the manufacturer (New England Biolabs, Beverly, MA}.
Anti-RNAP I1I ELISA. We used an ELISA system for
detection of anti-RNAP I1I antibody as described previously
(7). Briefly, polyvinyl 96-well plates (Sumilon multiwell plate H
type; Sumitomo Bakelite, Tokyo, Japan) were coated with 0.5
pg/ml purified rRPC155C-g diluted in phosphate buffered
saline (PBS) containing 0.05% 2-mercaptoethanol, for 12
hours at 4°C. The remaining free binding sites were blocked
with 3% bovine serum albumin in PBS for 1 hour at room
temperature. Patient sera were diluted at 1:250 in ELISA
buffer (PBS containing 0.1% bovine serum albumin and 0.1%
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Tween 20) and preincubated with bacterial lysates containing
maitose-binding protein. Wells were incubated with the pre-
treated serum samples at room temperature for 2 hours and
subsequently for 1 hour with peroxidase-conjugated goat anti-
human IgG (ICN/Cappel, Aurora, OH) diluted 1:5,000 in
ELISA buffer. Antibody binding was visualized by incubation
with tetramethylbenzidine (1 mg/ml) in phosphate—citrate
buffer containing dimethyl sulfoxide. After the reaction was
stopped by the addition of 1M sulfuric acid, optical density at
450 nm (OD,s5,) was read with an automatic plate reader
(Bio-Rad, Hercules, CA). All incubations were followed by 3
washes with ELISA buffer. Samples were tested in duplicate,
and antibody units were calculated from the OD,s, results,
using a standard curve obtained with serial concentrations of
an anti-RNAP III antibody-positive SSc serum. The cutoff for
positivity was set at 4.2 units (5 SD above the mean obtained
in 61 healthy controls) (7).

In some experiments, the specificity of anti-RNAP III
antibody reactivity in the ELISA was confirmed by competitive
inhibition assay (17). Briefly, SSc sera that were positive for
anti-RNAP III antibody by ELISA were preincubated with
competitors (0.1 pg/ml or 1 pg/ml) at room temperature for 1
hour before their addition to antigen-coated wells. Competi-
tors included topo I and the mixture of RNAP I, RNAP II, and
RNAP III, which were affinity purified from HeLa cells
(16,18).

Immunoblotting. Antibody reactivities to recombinant
proteins were examined by immunoblotting as described pre-
viously (16). Briefly, bacterial lysates containing recombinant
proteins were fractionated on sodium dodecyl sulfate-10%
polyacrylamide gels and transferred onto nitrocellulose mem-
branes. The membranes were incubated with a 1:250 dilution
of patient sera that had been pretreated with bacterial lysates
to remove antibodies reactive with bacterial proteins. The
membranes were subsequently incubated with alkaline
phosphatase—conjugated goat anti-human IgG (ICN/Cappel).
The immunoreactive bands were visualized by development
with nitroblue tetrazolium chloride/BCIP.

Statistical analysis. The statistical significance of dif-
ferences between groups was tested using chi-square analysis
or Fisher’s 2-tailed exact test, when applicable. All statistical
procedures were performed with StatView software (SAS
Institute, Cary, NC).

RESULTS

Analytical sensitivity and specificity of the anti-
RNAP III ELISA. Using the IP assay, serum anti-RNAP
IIT antibody was detected in 17 patients from Tokyo
(6%) and in 30 from South Carolina (15%). The fre-
quency of positivity for anti-RNAP Il antibody was
significantly different between these 2 patient groups
(P = 0.003), confirming our previous finding that anti-
RNAP III antibody is more prevalent in North Ameri-
can than in Japanese SSc patients (6). All SSc sera from
Tokyo and South Carolina were examined using the
anti-RNAP III ELISA (Figure 1). Anti-RNAP 11l an-
tibody was positive in all 17 of the sera from patients in
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Figure 1. Anti-RNA polymerase ITI (anti-RNAP III) antibody mea-
sured by enzyme-linked immunosorbent assay in a total of 534 sera
from systemic sclerosis (SSc) patients at Keio University School of
Medicine (Tokyo, Japan), Medical University of South Carolina
(Charleston, SC), and University of Pittsburgh School of Medicine
(Pittsburgh, PA). SSc patients were divided into those who were
positive and those who were negative for anti-RNAP III antibody
determined by immunoprecipitation (IP) assay. Broken line indicates
the cutoff level for positivity (4.2 units).

Japan and in 28 (93%) of the 30 sera from patients in
South Carolina that immunoprecipitated RNAP III. In
contrast, 3 (1%) of 248 sera from the Japanese cohort
and 1 (0.6%) of 166 from the South Carolina cohort that
were negative for anti-RNAP III antibody by IP assay
showed a positive result in the ELISA. Because we
considered the number of sera that were positive for
anti-RNAP III by IP (n = 47) insufficient for evaluating
analytical concordance with the IP results, we addition-
ally screened 73 SSc patient sera from Pittsburgh that
had been confirmed to be positive for anti-RNAP 1II
antibody by the IP assay. Sixty-four (88%) of these sera
were positive for anti-RNAP 111 antibody by the ELISA.

Table 1 summarizes the analytical sensitivity,
analytical specificity, positive predictive value, and neg-
ative predictive value of the anti-RNAP III ELISA in
comparison with the IP assay. When 534 SSc sera from
3 medical centers were combined, analytical sensitivity
was somewhat low (91%), but other values were high
(analytical specificity 99%, positive predictive value
96%, negative predictive value 97%).
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Table 1. Analytical sensitivity, analytical specificity, positive predictive value, and negative predictive
value of the anti-RNAP III enzyme-linked immunosorbent assay in systemic sclerosis patients from 3

medical centers

No.of  Analytical  Analytical Positive Negative
serum sensitivity,  specificity,  predictive  predictive
Medical center samples % % value, %  value, %
Keio University (Tokyo, Japan) 265 100 99 85 100
Medical University of South Carolina 196 93 99 97 99
(Charleston, SC)
University of Pittsburgh 73* 88 - - -
(Pittsburgh, PA)
Total 534 91 99 96 97

* All sera from the University of Pittsburgh were positive for anti-RNA polymerase III (anti-RNAP 1IT)

antibody by immunoprecipitation assay.

Clinical sensitivity and specificity of the anti-
RNAP HI ELISA. To further assess clinical sensitivity
and specificity of the ELISA, control sera obtained from
Tokyo and Pittsburgh were subjected to the anti-RNAP
III ELISA (Tabie 2). Of 240 control sera from Tokyo, 2
from patients with RA and 1 from a patient with primary
SS showed weakly positive results (<5.0 units), but the
percent positivity among the control sera was signifi-
cantly lower than among the 265 SSc sera (1% versus
6%; P = 0.002). Of 276 control sera from Pittsburgh, 2
from SLE patients and 4 from blood bank donors were
weakly positive for anti-RNAP III antibody by the
ELISA. The frequency of positivity in the control sera
was again significantly lower than the frequency in the
257 SS8c sera, which were newly selected from the serum
bank (2% versus 28%; P < 0.0001). When a total of
1,038 sera from the 2 medical centers were combined,

clinical sensitivity and specificity with respect to the
diagnosis of SSc were 17% and 98%, respectively.

All sera that showed a positive result in the
ELISA were subjected to IP assay to assess whether they
were true-positive or false-positive. Seven of 9 control
sera with a positive result in the ELISA were found to be
false-positive, but 1 SLE serum and 1 blood bank control
serum did immunoprecipitate RNAP III. A false-
positive result was detected in 7 of 72 SSc sera from
Pittsburgh, but in none of 17 SSc sera from Tokyo; this
difference did not reach statistical significance.

Antigenic specificity of false-negative or false-
positive sera. We further evaluated the antigenic speci-
ficity of the 15 SSc sera that showed discordant results
between IP and ELISA (11 positive by IP but negative by
ELISA [false-negative] and 4 negative by IP but positive
by ELISA [false-positive]).

Table 2. Clinical sensitivity and specificity of the anti-RNAP 111 ELISA*

Tokyo Pittsburgh
No. (%) No. (%)
No. of positive by No. false- No. of positive by No. false-
Group sera ELISA positive sera ELISA positive

SSct 265 17 (6) 0 257 72 (28) 7
Controls

SLE 82 0 - 53 2(4) 1

PM/DM 24 0 - 26 0 -

RA 54 2(4) 2 30 0 -

Primary SS 32 1(3) 1 - - -

Blood bank controls 48 0 - 167 4(2) 3

All combined 240 3 3 276 6(2) 4

* All sera that were positive by enzyme-linked immunosorbent assay (ELISA) were further analyzed by
immunoprecipitation assay to determine whether the ELISA result was true-positive or false-positive.

Anti-RNAP -1II = anti-RNA polymerase III; SLE

= systemic lupus erythematosus; PM/DM =

polymyositis/dermatomyositis; RA = rheumatoid arthritis; SS = Sj6gren’s syndrome.
t Systemic sclerosis (SSc) sera from Tokyo were those used for the evaluation of analytical sensitivity and
specificity, whereas SSc sera from Pittsburgh were newly selected from the serum bank.
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Figure 2. Reactivities to rRPC155C-g and rRPC62 in immunoblots of
anti-RNAP IlI-positive SSc sera that showed a false-negative result in
the enzyme-linked immunosorbent assay (ELISA). The bacterial ly-
sates containing rccombinant fragments were fractionated on sodium
dodecyl sulfate-10% polyacrylamide gels, transferred onto nitrocellu-
lose membranes, and then probed with anti~RNAP Hi-positive SSc
scrum with reactivity to both rRPC155C-g and rRPC62 (lane 1),
healthy control scrum (lane 2), and SSc sera that were positive for
anti-RNAP Il antibody by IP assay but negative by ELISA (lanes
3-13). Astcrisk denotes a serum that did not react with rRPC155C-g or
rRPC62; crosses denote sera that reacted with rRPC62 but not with
rRPC155C-g. Sec Figurc 1 for other definitions.

The 11 false-negative sera were subjected to
immunoblotting  to examine antibody reactivity to
rRPC155C-g, which was the antigen used in the ELISA
(Figure 2). Unexpectedly, 8 sera that did not bind
rRPC155C-g in the ELISA reacted with rRPC155C-g by
immunoblotting. There was no difference in the inten-
sity of the immunoreactive bands between sera that were
positive and those that were negative for anti-RNAP 111
antibody by the ELISA, suggesting that many false-
negative sera recognize the epitope expressed on
rRPCI155C-g that has been denatured in the presence of
sodium dodecyl sulfate and 2-mercaptoethanol, but not
on immobilized rRPC155C-g on the ELISA plates. As a
result, 117 (98%) of 120 SSc sera that were positive for
anti-RNAP III antibody by IP assay recognized
rRPC155C-g by either ELISA or immunoblotting, indi-
cating again that amino acids 891-1020 of RPCI155
constitute an immunodominant epitope shared by many
ethnic groups. On the other hand, 8 of 11 false-negative
sera reacted with rRPC62, another RNAP III subunit
frequently recognized by anti-RNAP Ill-positive SSc
sera (7,16). As a result, 119 of 120 SSc sera that were
positive for anti-RNAP III antibody by the IP assay
recognized rRPC155C-g or rRPC62. It should be noted
that 2 of the 3 sera that failed to react with rRPC155C-g
in both ELISA and immunoblots did recognize rRPC62.

In contrast, the 4 false-positive SSc sera did not
bind rRPC155C-g in immunoblots (results not shown).
To further examine whether the reactivity of these sera
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in the ELISA was due to antibody binding to
rRPC155C-g itself or to contaminating bacterial compo-
nents, we conducted a competitive inhibition assay in
which serum samples were preincubated with affinity-
purified RNAP or topo I antigen (Figure 3). Anti-
RNAP III antibody reactivity was inhibited, in a dose-
dependent manner, by preincubation of IP-confirmed
anti-RNAP IIl-positive SSc sera with the RNAP anti-
gen, but not by preincubation with topo I. In contrast,
anti-RNAP III antibody reactivity was not suppressed
by preincubation of the 4 false-positive sera with the
RNAP antigen. Similarly, the ELISA reactivity was not
inhibited by the RNAP antigen in 3 control sera (2 from
patients with RA and 1 from a patient with primary SS)
that showed false-positive results. Taken together, these
findings suggest that false-negative sera do not recognize
rRPCI155C-g and that the reactivity in the ELISA was
likely due to antibody binding to bacterial components
contaminating the rRPC155C-g preparation.

Anti-RNAP {ll antibody
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067_ 1
:}£L
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Figure 3. Rcsults of a competitive inhibition assay to examinc the
specificity of the anti-RNAP III antibody reactivity detected by
enzyme-linked immunosorbent assay (ELISA) in 2 SSc scra that werc
positive for anti-RNAP TII antibody by IP assay and 4 SSc scra that
were negative for anti-RNAP 111 antibody by IP assay but showed a
falsc-positive result in the ELISA. Affinity-purified RNAP and topo-
isomerase I (topo 1) antigens were used as competitors. Values are the
mean and SD optical density at 450 nm (OD,s,,). Sce Figure 1 for other
definitions.
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Table 3. Clinical features in anti-RNAP IlI antibody-positive SSc paticnts stratificd according to

antibody levels dctermined by ELISA*

High-level Low-level
anti-RNAP 11 anti-RNAP 111
Feature (n = 32) (n = 58) P

Sex, % femalc 56 78 0.03
Ethnicity, % NS

White 78 71

African American 6 9

Japanesc 16 21
Discase subset, % diffuse 97 81 0.049
Maximum total skin score, mecan = SD 238+ 83 182+ 93 0.002
Tendon friction rubs, % 88 55 0.002
Organ involvement, %

Peripheral vascular 44 48 NS

Joint 47 59 NS

Skeletal muscle 0 0 NS

Esophagus 53 52 NS

Small intestine 9 2 NS

Lung (pulmonary interstitial fibrosis) 28 26 NS

Lung (isolated pulmonary arterial hypertension) 6 3 NS

End-stage lung disease 0 7 NS

Heart 13 3 NS

Kidney 28 21 NS

* High and low anti-RNAP 11i antibody levels were defined as =15.2 units and <15.2 units, respectively.
NS = not significant (sec Table 2 for other definitions).

Clinical findings according to anti-RNAP 111
antibody levels. Detailed clinical information was avail-
able on 90 anti-RNAP III antibody—positive SSc pa-
tients (17 from Tokyo and 73 from Pittsburgh). To
evaluate clinical correlations with anti-RNAP III anti-
body levels determined by ELISA, anti-RNAP III-
positive SSc patients were divided into 2 groups: 32 with
a high level of anti-RNAP III antibody (=15.2 units),
and 58 with a low level of anti-RNAP III antibody
(<15.2 units). The cutoff value used to define high
versus low antibody levels was determined based on the
mean anti-RNAP III antibody levels in all 120 SSc
patients who were positive for anti-RNAP III antibody
by the IP assay. As shown in Table 3, ail but 1 patient
with a high level of anti-RNAP III antibody had diffuse
cutaneous SSc; this frequency was significantly higher
than the frequency in patients with low levels of anti-
body. The maximum total skin score and frequency of
tendon friction rubs were significantly increased in the
high-level antibody group compared with the low-level
group. Previously reported features of SSc in patients
positive for anti-RNAP III antibody included an in-
creased frequency of renal crisis, milder interstitial lung
disease, and a lower frequency of inflammatory muscle
disease (1-4). However, frequencies of involvement of
all internal organs were not different between groups

with high levels and those with low levels of the anti-
body.

When the same comparisons were performed
including only the 78 anti-RNAP II-positive patients
with diffuse cutaneous SSc, the maximum total skin

Case #1 Case #2 Case #3
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Figure 4. Serial measurements of anti-RNAP II1 antibody and total
skin score in 6 anti-RNAP 1II antibody-positive SSc patients. Scales
for the anti-RNAP 111 antibody level (circles) and total skin score
(bars) are shown at the left and right, respectively. Arrows indicate the
onsct of renal crisis. Serial measurcments of vital capacity (VC) (%
predicted) are shown for patient 6. See Figure 1 for other definitions.
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score was again significantly increased in the high-level
antibody group compared with the low-level antibody
group (mean * SD 242 = 8.1 versus 20.7 = 7.8, P =
0.03), but the difference in the frequency of palpable
tendon friction rubs between the high- and low-level
antibody groups did not reach statistical significance
(87% versus 68%:; P = 0.06). There was no difference in
the frequency of internal organ involvement between the
2 groups when only patients with diffuse cutaneous SSc
were included.

Serial anti—-RNAP III antibody levels. Anti-
RNAP III antibody levels were serially evaluated for >8
years in 6 anti-RNAP IlI-positive SSc patients. Figure 4
illustrates changes in the anti—-RNAP III antibody level
together with the total skin score in these patients. In 4
patients, the anti-RNAP III antibody level increased
early in the disease course and then decreased, correlat-
ing closely with the total skin score. Patient 6 showed a
sustained increase in anti-RNAP 1II antibody levels
despite a decrease in the total skin score. This patient
had severe interstitial lung disease and died of respira-
tory failure. Patients 4 and 5 developed renal crisis
following rapid increases in the anti-RNAP 11I antibody
level.

DISCUSSION

We have evaluated the analytical accuracy of an
anti-RNAP III ELISA, using a large series of sera
collected from medical centers in Japan and the US.
Among >500 SSc sera screened, our ELISA showed
high analytical concordance with the IP assay, the gold
standard for detection of anti-RNAP III antibody (spec-
ificity 99%), but analytical sensitivity was somewhat low
(91%). Both positive and negative predictive values were
high (=96%), indicating that this assay is reliable for the
detection of anti-RNAP I{I antibody. In addition, our
ELISA was shown to be clinically specific for SSc in
studies using a large series of serum samples from SSc¢
patients, controls with other connective tissue diseases,
and blood bank controls. Since ELISAs can be per-
formed easily and quickly and are particularly suitable
for screening large numbers of sera, this assay system
can substitute for an IP assay for detection of anti-
RNAP III antibody in clinical laboratories. However, it
should be remembered that a negative result in the
ELISA does not necessarily indicate the absence of
anti-RNAP III antibody. Thus, our anti-RNAP 1II
ELISA is analytically accurate and clinically specific.
Furthermore, this assay affords routine availability of
testing for anti-RNAP III antibody. This is important in
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clinical settings, since anti—-RNAP III antibody is known
to be useful in the diagnosis, disease classification, and
prediction of organ involvement in SSc patients (1-4).

Because a false-positive or false-negative result in
the anti-RNAP III ELISA is obtained with some SSc
sera, this assay system needs further improvement. Its
major weakness is relatively low sensitivity. Based on our
detailed assessment of false-negative sera, an increase in
sensitivity could potentially be achieved by at least 2
different methods. First, since the majority of sera with
false-negative results in the ELISA still recognized
rRPCI155C-g in immunoblots, the ELISA sensitivity
could be improved by enhancing antigenicity of the
antigen. It has been shown that autoantibodies to
RPC155 in patient sera preferentially recognize a
discontinuous or conformational determinant in-
cluded in the region of rRPC155C-g (7). In fact,
structural modification of rRPC155C-g in the presence
of 2-mercaptoethanol was needed for sufficient en-
hancement of the antigenicity in the ELISA (7). Poten-
tial approaches for this purpose include expression of a
recombinant fragment in different expression systems,
such as insect and mammalian systems, and/or structural
modification of the antigenic fragment by chemical
treatment. An alternative approach would be the addi-
tion of other antigenic RNAP I or RNAP III subunits
that are frequently recognized by anti-RNAP III-
positive SSc sera as a second antigen. RPC62 is one such
candidate subunit, because more than half of anti-
RNAP Ill-positive sera have been shown to recognize
this subunit (7,16); 2 of 3 anti-RNAP IIl-positive SSc
sera lacking reactivity to rRPC155C-g recognized
rRPC62 in the present study.

The majority of sera showing a false-positive
result in our ELISA appeared to react with bacterial
components contaminating the antigen preparation.
Thus, specificity can be further increased by using a more
highly purified antigen preparation. Since rRPC155C-g
was prepared by 1-step affinity-purification, contaminat-
ing bacterial proteins could be removed by additional
purification steps, such as ion-exchange chromatogra-
phy. It is known that the frequency of anti-RNAP III
antibody varies in different ethnic groups (6), and our
results suggest that the frequency of an analytical false-
positive result in SSc patients may also depend on
nationality or ethnicity. It is possible that the ELISA can
detect antibodies to the RPC155 epitope, which was not
expressed on a native RNAP [II complex.

One of the advantages of ELISAs is the ability to
provide quantitative results, which may be useful in
evaluating disease activity. In this regard, serum levels of
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anti-topo I antibody have been shown to correlate with
disease severity and disease activity in SSc patients (19).
In this study, we found that diffuse cutaneous SSc was
more prevalent in patients with a high level of anti-
RNAP HI antibody compared with those with a low level
of the antibody. The increased total skin score and high
frequency of tendon friction rubs observed in the high-
level antibody group are potentially explainable by the
increased frequency of diffuse cutaneous SSc in this
group. However, the same trends were also observed in
a subanalysis including only patients with diffuse cuta-
neous SSc, suggesting that SSc patients with a higher
level of anti-RNAP III antibody may have more exten-
sive skin and tendon involvement independent of the
disease subset. Results of our preliminary analysis of
serial anti-RNAP I1I antibody levels should encourage
investigators to undertake future prospective studies
examining the potential usefulness of serial measure-
ment of anti-RNAP III antibody in predicting disease
progression and onset of major organ involvement such
as renal crisis.
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Autoantibodies to a 140-kd Polypeptide, CADM-140, in
Japanese Patients With Clinically Amyopathic Dermatomyositis

Shinji Sato,' Michito Hirakata,' Masataka Kuwana,' Akira Suwa,' Shinichi Inada.’
Tsuneyo Mimori,* Takeji Nishikawa,' Chester V. Oddis,* and Yasuo Ikeda'

Objective. To identify novel autoantibodies spe-
cific for dermatomyositis (DM), especially those specific
for clinically amyopathic DM (C-ADM).

Methods. Autoantibodies were analyzed by immu-
noprecipitation in 298 serum samples from patients
with various connective tissue diseases (CTDs) or idio-
pathic pulmonary fibrosis (IPF). Antigen specificity of
the sera was further examined by immunoblotting and
indirect immunofluorescence (IF). The disease specific-
ity and clinical features associated with the antibody of
interest were determined.

Results. Eight sera recognized a polypeptide of
~140 kd (CADM-140 autoantigen) by immunoprecipi-
tation and immunoblotting. lmmunoreactivity was de-
tected in the cytoplasm, and indirect 1F revealed a
granular or reticular pattern. Anti-CADM-140 antibod-
ies were detected in 8 of 42 patients with DM, but not in

patients with other CTDs or IPF. Interestingly, all 8.

patients with anti—-CADM-140 antibodies had C-ADM.
Among 42 patients with DM, those with anti~-CADM-
140 autoantibodies had significantly more rapidly pro-
gressive interstitial lung disease (ILD) when compared
with patients without anti-CADM-140 autoantibodies
(50% versus 6%; P = 0.008).

Conclusion. These results indicate that the pres-
ence of anti-CADM-140 autoantibodies may be a novel
marker for C-ADM. Further attention should be di-
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rected to the detection of rapidly progressive ILD in
those patients with anti-CADM-140 autoantibodics.

Polymyositis (PM)/dermatomyositis (DM) is a
chronic inflammatory disorder that culminates in injury
to the skin and muscle and, somctimes, is associated with
interstitial fung disease (ILD) and/or neoplasia (1.2). A
number of autoantibodies arc associated with myositis,
including those specific for aminoacyl-transter RNA
synthetasc (anti-ARS) (3), signal recognition particle
(anti-SRP) (4), and Mi-2 (5). These autoantibodies have
proven to be clinically useful in the diagnosis and
classification of these discases and are predictive of
responscs to treatment.

It has been known for some time that certain
paticnts may have the typical skin manifestations of DM
but no evidence of myositis, a condition known as
amyopathic DM. Recently, Sontheimer proposed the
existence of a unigue subgroup of patients with DM who
have the clinical cutancous features of DM but no
cvidence of clinical myositis symptoms for at least 2
years after the onset of skin manifestations (referred to
as climically amyopathic DM [C-ADM]) (6). In other
words, C-ADM includes patients with amyopathic DM
and patients with hypomyopathic DM (patients with
subclinical signs. of myositis and DM skin manifesta-
tions). Some patients with C-ADM, especially those in
Japan (7), have been noted to develop rapidly progres-
sive ILD. This condition in many of these patients is
resistant to treatment, and fatal outcomes have been
observed.

Because of the severity of 1LD accompanying
C-ADM, a marker autoantibody would be usctul for
carly diagnosis and trcatment monitoring. Potential
marker autoantibodies have been deseribed by Targoff
et al, who, in a preliminary study, described specificity
for a 95-kd Sc protein, as well as an unidentified 155-kd
protein (8). However, a full survey of the autoantibodics
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associated with C-ADM has not been performed. In the
present study, we examined the sera from 15 Japanese
paticnts with C-ADM to identify additional autoanti-
bodics associated with this discase.

PATIENTS AND METHODS

Patients and sera. Scrum samples were obtained from
255 randomly sclected Japanese adult patients with connective
tissue diseases (CTDs) who were being followed up in clinics al
Keio University in Tokyo and collaborating medical centers.
Thesce sera were obtained, prior to therapy, from a cohort of 61
patients with PM, 42 with DM (including 15 with C-ADM). 50
with rheumatoid arthritis. 46 with systemic lupus crythemato-
sus, 27 with mixed CTD/overlap syndrome. 22 with systemic
sclerosis. and 7 with Sjogren’s syndrome. Sera from 43 patients
with idiopathic pelmonary fibrosis (IPF) and 16 normal huinan
sera were used as control sera. The diagnosis of C-ADM was
hased on diagnostic criteria proposed by Sontheimer (6), i.e.,
DM patients with no clinical muscle symptoms for more than
2 years after the onset of skin manifestations.

The paticnts were diggnosed as having LD according
to the results of chest radiography. chest computed tomogra-
phy (CT), and pulmonary function testing. which included the
pereent predicted values for forced vital capacity and diffusing
capacity for carbon monoxide. A subset of patients with rapidly
progressive ILD was defined us those presenting with progres-
sive dvspnca and progressive hypoxemia, and @ worsening of
interstitial change on the chest radiograph within 1 month
from the onset ol respiratory symptoms.

Immunoprecipitation. The immunoprecipitation assay
was performed using extracts of the leukemiu celf line, K562, as
previously described (9). A total of 10 ul of paticnt serum was
mixed with 2 mg of polypeptide A-Sepharose CL-4B (Phar-
macia Biotech AB, Uppsala. Sweden) in 500 pl of immuno-
precipitation buffer (10 mM Tris HCI, pH 8.0, 500 mAM NaCl,
0.1% Nonidet P40) and incubated for 2 hours at 4°C, and then
washed 3 times with immunoprecipitation buftler.

For polvpeptide studies, antibody-coated Sepharose
beads were mixed with 100 ub of **S-methionine—tabeled K562
celt extracts derived from 2 X 1 cells. and rotated at 4°C for
2 hours. After 6 washes. the Sepharose beads were resus-
pended in sodium dodecyl sulfate (SDS) sample buffer and the
polypeptides were fractionated by 6% SDS—polyacrylamide
electrophoresis gels. Radiolabeled polypeptide components
were analyzed by autoradiography.

For analysis of RNA, the antigen-bound Sepharose
beads were incubated with 100 pl of K562 cell extracts (6 X 10°
cell equivalents per sample) for 2 hours at 4°C. To extract
bound RNA, 30 ul of 3.0M sodium acetate, 30 pl of 10% SDS.
2 pl of carrier veast transter RNA (10 mg/ml; Sigma, St. Louis,
MQO). and 300 pl of phenol:ichloroform:isoamyl alcohol (50:
S0:1. containing 0.1% S-hydroxyquinoline) were added. After
cthanol precipitation. the RNA was resolved using o 7M
urca~10% polyacrylamide gel. which was subscquently silver-
stained (Bio-Rad. Hercules, CA).

Immunoblotting. Immunoblotting analysis was per-
formed using K562 cell extracts in a modification of the
procedure described by Towbin ct al (10).

SATO LT Al

Immunodepletion. A 10-ul aliquot of the prowotype
serum of autoantibodies 10 the 140-kd polypeptide was mixed
with 2 mg of Sepharose beads and incubated (or 2 hours at 4°C,
followed by 3 washes with immunoprecipitation buifer. An-
other serum that recognized the 140-kd polypeptide was added
in a dosc-dependent manner (0 pl. 10 uh, 25 pdl und 50 pl) and
then incubated. After 3 washes, immunoprecipitation for
polypeptide analysis was performed as described above,

[ndirect immunoftuorescence (1F). Indircct 1F was
performed using HEp-2 cells and fluorescein-labeled anti-
human immunoglobulin (Inova Diagnostics, Sun Diego, CA).

Clinical studies. The paticnts whose sera immunopre-
cipitated a 140-kd polypeptide were examined for their clinicul
symptoms, chinical course, muscle enzyme levels (creatine
kinase [CK] and aldolase), results on chest radiographic and
CT scans. and findings of skin pathology. An assessment of
muscle weakness was performed using o manual muscle test
(11). Some patients were also examined by electromyogram
and muscle magnetic resonance imaging (MRI). and by patho-
logic analysis of the muscle.

Statistical analysis. The 2 groups of DM puaticnts with
or without autoantibodics to the t40-kd polypeptide were
compared. The results of comparisons between groups were
analyzed using the chi-square test, with Yates' correction
where appropriate.

RESULTS

Detection of anti-140-kd polypeptide antibodies
in patients with C-ADM. We screened 298 patient scra
and 16 normal human scra by immunoprecipitation.
Sera from 8 (19%) of 42 patients with DM immunopre-
cipitated a polypeptide of ~140 kd from *3S-
methionine-labeled K562 cell extracts (Figure LA, lanes
1-8). All 8 patients were diagnosed as having C-ADM, a
subtype of DM. In the analysis of RNA specificity. these
sera did not immunoprecipitate any nucleic acid band.
except for 1 patient’s scrum, which precipitated hYRNA
of SSA/Ro components.

The C-ADM sera that immunoprecipitated the
140-kd polypeptide were also used to immunoblot K362
cell extracts. These sera from C-ADM patients displayed
a similar reaction on immunoblot, with a polypeptide
band of similar molecular weight (results not shown).

For identification of novel autoantibodies recog-
nizing the 140-kd molcecule, the polypeptide immuno-
precipitated by the prototype serum was compared with
antigens of similar molccutar weight recognized by other
known autoantibodics (Figure {B). The protein recog-
nized by the prototype serum migrated slightly faster
than the 140-kd protein recognized by anti-MJ antibody
(Figure 1B, lane 2) and faster than that recognized by
anti-RNA helicase A antibody (Figure [B. lane 3), but
more slowly than the 120-kd protein precipitated by
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Figure 1. A, Tmmunoprecipitation of polypeptides with sera from patients with clinically amyopathic dermatomyositis (C-ADM). using 8-
methionine-labeled K362 cell extracts. Lanes 1-8. Sera from C-ADM patients: lane 9. anti-PL-12 serum; kne 10, control normal human serum
(NHS). A 140-kd protein was recognized by 8 sera from C-ADM patients (lanes 1-8). B, Immunoprecipitation of polypeptides by the prototype
serum and by other known awtoantibodics. Lane 1. The prototype anti-CADM-140 scrum: fane 2, anti-MJ serum; lanc 3, anti-RNA helicase A
(RHA) serum: kune 4. anti-PL-12 (alanyl-transfer RNA synthetase) serum: Jane S, anti-RNA polymerase 1, I, and I ( RNAP 1, 11 and 11} serum:
lane 6, control NHS. Anti-CADM-140 serum immunoprecipitated an ~ 140-kd polypeptide that was easily distinguished from that of other known
antihodies. C, tmmunodepletion studies. Sera used for immunoprecipitation were as follows: lane 1. anti-CADM-140: lanc 2. anti=P1-12: lane 3.
control NHS: lanes 4-7. immunoprecipitation with anti-CADM-140 serum alter absorption by another anti-CADM-140-positive serum in a
dose-dependent manner. Arrows in A and C denote the 140-kd polypeptide. The sizes of the molecular weight markers are indicated 1o the felt in
A-C. D, Immunotluorescence pattern of HEp-2 cells stained with anti-CADM-140 serum. A granular or reticular eytoplasmic staining pattern on
HEp-2 cells was observed. (Original magnification X 400.)

anti-PL-12 antibody (Figure 1B, lanc 4). These results prototype serum was no longer immunoprecipitated in

clearly indicate that the 140-kd polypeptide immunopre-
cipitated by the prototype serum was ditferent from the
proteins immunoprecipitated by these other known an-

tibodies. We designated this new autoantibody specific-

ity as anti-CADM-140.

The prototype serum depleted extracts of the

140-kd polypeptide in a dose-dependent manner (Figure

“1C, lanes 4-7). and the polypeptide recognized by the

these extracts (Figure 1C, lane 7). In contrast. the
depletion of radiolabeled K562 cell extracts with the use
of autoantibodies of different immunologic specificities
did not affect the levels of the anti-CADM-140-specific
antigen (results not shown). When sera positive for
anti-CADM-140 antibodics were assessed in indirect IF
studics, a granular or reticular cytoplasmic staining
patiern was observed (Figure 1D).
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