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H— I (methotrexate) %4 &DHL1) 7~ F3E b
H3 5., RIS LTIEATo A4 FiEPLd
#ir#  (non-steroidal anti-inflammatory drugs :
NSAIDs) A6 L 2 & b & 245 EEidi
Bige b33 b L v ) Hidddh, METLL
Bhid b,

B PHRICEELZPATE GUF L2 & X2 i
VARSI L T B PAHIZ BRI 28
Wk L TOERPHBEESNINGTHE F
HTlk, 7uryia sy CBEHEEL LTRSS
oA BEREE, RARI T AT F—5 (phos-
phodiesterase 5 : PDES) JHEHE, v Kty ¥
ZHAAEFEPEE (ERA) @ 3 RO L3854 A3
HufETa 5. PDES HlIEIRIZ, —EbEERIZ X
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Autoantibodies to RuvBL1 and RuvBL2: A Novel
Systemic Sclerosis-Related Antibody Associated
With Diffuse Cutaneous and Skeletal Muscle
Involvement

KENZOU KAJI,' NOREEN FERTIG,” THOMAS A. MEDSGER JR.,” TAKASHI SATOH,* KANA HOSHINO,*
YASUHITO HAMAGUCHI,* MINORU HASEGAWA,* MARY LUCAS,”? ANDREW SCHNURE,?

FUMIHIDE OGAWA,® SHINICHI SATO,* KAZUHIKO TAKEHARA,* MANABU FUJIMOTO,*

anp MASATAKA KUWANA?

Objective, To identify and characterize a novel systemic sclerosis (SSc)-related autoantibody directed against a complex
consisting of RuvBL1 and RuvBL2 (RuvBL1/2) and to assess its clinical correlations.

Methods. We first analyzed 316 consecutive patients with SSc who were evaluated at Kanazawa University Hospital.
Controls included 290 patients with other connective tissue diseases, interstitial lung disease alone, or autoimmune
hepatitis, and 50 healthy subjects. Autoantibody specificities were analyzed using RNA and protein immunoprecipitation
assays. Autoimmune targets were affinity purified using patients’ sera and subjected to liquid chromatography mass
spectrométry. SSc patients in another institution in Japan and the University of Pittsburgh cobort were alse included in
analysis for evaluating clinical correlations.

Results. By protein immunoprecipitation assay, 6 SSc sera (1.9%) reacted with doublets with molecular weights of ~50
kd. Liquid chromatography mass spectrometry of the partially purified autoantigen and additional immunoblot-based
analyses revealed that this antibody specificity recognized RuvBL1/2. Anti-RuvBL1/2 antibody was exclusively detected
in SSc patients. SSc patients with anti-RuvBL1/2 in both the Japanese and Pittsburgh cohorts consistently had higher
frequencies of SSc in overlap with myositis and diffuse skin thickening than those without anti-RuvBL1/2. Compared with
other autoantibodies related to SSc/myositis overlap (anti-PM-Scl and anti-Ku}, anti-RuvBL1/2 was distinctive in terms
of its associations with older age at SSc onset, male sex, and a high frequency of diffuse cutaneous involvement.
Conclusion. Anti-RuvBL1/2 antibody is a novel SSc-related autoantibody associated with a unique combination of
clinical features, including myesitis overlap and diffuse cutaneous involvement.

INTRODUCTION and internal organs, immune system activation, and micro-
S ic sclerosis (SSe: sclerod . o vascular damage. There are variable clinical presentations
ystemic sclerosis (SSc; scleroderma) is a connective tis- ranging from limited to diffuse cutaneous involvement.

sue disease characterized by excessive fibrosis of skin
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Significance & Innovations

o We have identified a novel systemic sclerosis (SSc)-
related autoantibody reactive with a complex con-
sisting'of RuvBL1 and RuvBL2 (RuvBL1/2) that is
involved in many important cellular processes,
such as transcription and DNA repair.
Anti-RuvBL1/2 antibody is highly specific to SSc,
but its prevalence is very low, ranging from 1-2%.
Anti-RuvBL1/2 antibody is associated with a
unique combination of clinical features, including
older age at SSc onset, a higher proportion of men,
and higher frequencies of myositis overlap and
diffuse skin thickening.

Detection of anti-RuvBL1/2 antibody is useful
for the diagnosis and clinical subgrouping of SSc
patients.

L

While the etiology of SSc remains unclear, autoimmunity
is considered to be involved in the pathophysiology. In
particular, serum antinuclear antibodies (ANAs) are de-
tected in more than 95% of patients and are a hallmark of
the disease (1,2).

A variety,of ANAs have been reported to be specific for
SSc, including anti~topoisomerase I (anti~topo I), anti-
centromere, anti-RNA polymerase III (anti-RNAP III),
anti-Th/To, and anti-U3 RNP antibodies. They are present
at diagnosis and are almost mutually exclusive to each
other. Importantly, ANAs are closely associated with dis-
tinct clinical subsets. For example, anti~topo I, anti~RNAP
111, and anti—U3 RNP are associated with diffuse cutaneous
S$Sc (dcSSc), while anticentromere and anti-Th/To are de-
tected mainly in patients with limited cutaneous SSc
(1cSSc) (1-4). These SSc-related antibodies have close as-
sociations with distinctive internal organ involvement,
such as interstitial lung disease (ILD), scleroderma renal
crisis, and pulmonary arterial hypertension. In addition,
anti-U1 RNP, anti-Ku, and anti-PM-Scl are frequently
found in SSc patients who have features of another con-
nective tissue disease (overlap syndrome). Therefore, de-
tection of SSc-related antibodies is useful not only in
diagnosis, but also in prediction of subsequent organ in-
volvement and prognosis. These SSc-related autoanti-
bodies are identified in ~80% of the entire SSc popula-
tion, suggesting the possibility that other autoantibodies
remain undiscovered. Indeed, a recent study by some of
the authors has identified a new SSc-related ANA reactive
with U11/U12 RNP that correlates with severe ILD (5).

We routinely examined ANAs using immunoprecipita-
tion (IP) assays in sera with various autoimmune diseases.
During this screening process, we found several SSc sera
that commonly reacted with doublets with molecular
weights of ~50 kd. Using a series of biochemical and
molecular analyses, autoantigens targeted by this antibody
specificity were identified as a complex consisting of
RuvBL1 and RuvBL2 (RuvBL1/2). Further clinical evalua-
tions have revealed that the anti-RuvBL1/2 antibody is a
new SSc-related autoantibody associated with diffuse skin
thickening and skeletal muscle involvement.

PATIENTS AND METHODS

Patients and controls. We enrolled 316 consecutive Jap-
anese patients with physician-confirmed SSc at Kanazawa
University Hospital between 1995 and 2009. Two hundred
ninety-one patients (92%) fulfilled the 1980 American Col-
lege of Rheumatology (ACR) preliminary criteria for SSc
(6). Disease controls were randomly selected from among
all patients who visited Kanazawa University Hospital
during the same period and were evaluated for ANA spec-
ificity, including 60 with systemic lupus erythematosus
(SLE), 20 with polymyositis (PM), 80 with dermatomyosi-
tis (DM), 30 with rheumatoid arthritis (RA), 80 with ILD
without features suggestive of connective tissue disease,
and 20 with autoimmune hepatitis (AIH). All patients with
SLE and RA fulfilled the respective ACR criteria (7,8),
while those with PM or DM satisfied definite or probable
PM or DM according to the Bohan and Peter criteria (9).
The diagnosis of AIH was based on the criteria proposed
by the International Autoimmune Hepatitis Group (10).
Fifty healthy individuals were used as controls. We used
another SSc cohort from Keio University Hospital that
included 272 consecutive Japanese patients with SSc first
evaluated between 1995 and 2006. Of these, 240 (88%)
fulfilled the ACR preliminary criteria for SSc (6).

Additional SSc patients were obtained from the Sclero-
derma Databank at the University of Pittsburgh. All pa-
tients had physician-confirmed SSc between 1981 and
2011 (5). To determine the prevalence of anti-RuvBL1/2
antibody, 463 consecutive SSc patients first evaluated
during 1994-1995 and 2004-2005 (a total of 4 calendar
years) with serum samples available were tested for anti-
RuvBL1/2 antibody. Ninety-six percent of these patients
fulfilled the ACR preliminary criteria for SSc (8). For ana-
lysis of clinical correlations, anti-RuvBL1/2-positive pa-
tients identified in the 1982-2005 cohorts were used for
comparisons to increase the number of patients. We fur-
ther included SSc patients with anti~PM-Scl or anti-Ku
(without concomitant SSc-related antibodies) first evalu-
ated between 1980 and 2004 with a diagnosis of SSc (11).
All sera were obtained with written informed consent, as
approved by the individual institutional review boards.

Clinical assessments. Clinical and laboratory informa-
tion obtained on all SSc patients at the first and followup
visits was prospectively collected using standardized data
collection forms. SSc patients were classified as having
dcSSc, 1cSSc, or SSc in overlap (12). The maximum mod-
ified Rodnan total skin thickness score (MRSS) during the
disease course was recorded. The definitions for organ
system involvement attributable to SSc (5,11,13) are listed
in Supplementary Table 1 (available in the online version
of this article at http://onlinelibrary.wiley.com/doi/10.
1002/acr.22163/abstract).

ANA assay. ANA was detected by indirect immuno-
fluorescence performed on HEp-2 cell slides (MBL) as
the substrate, combined with fluorescein isothiocyanate~
conjugated anti-human IgG. In some instances, mouse
anti-RuvBL1 (clone 3G4-1F8, Abnova) or anti-RuvBL2
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monoclonal antibody {mAb; clone 42, BD Biosciences)
diluted at 1:100 was used in combination with fluorescein
isothiocyanate—conjugated anti-mouse IgG.

IP assays. An IP assay was performed using extracts of
the leukemia cell line K562, as previously described (14).
Briefly, 10 pl of patients’ sera, or 1 ul of anti-RuvBL1 or
anti-RuvBL2 mAb, was mixed with protein A-Sepharose
CL-4B {Pharmacia Biotech). For protein analysis, anti-
body-coated Sepharose beads were incubated with *°S-
methionine-labeled K562 cellular extracts, and immuno-
precipitated materials were subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. Radiolabeled
polypeptide components were analyzed by autoradiogra-
phy. For RNA analysis, antibody-bound Sepharose beads
were incubated with unlabeled K562 cellular extracts.
RNA components were extracted from the immunopre-
cipitated materials and were applied to urea-PAGE, fol-
lowed by staining with silver.

Identification of autoantibodies, Autoantibodies in all
sera from the Japanese and Pittsburgh cohorts were
screened using indirect immunofluorescence and RNA
and protein IP assays. Antibodies except anticentromere
were identified by IP assays based on precipitating pat-
terns of RNAs or proteins, which were identical to those
produced by reference sera commonly used in Kanazawa,
Keio, and Pittsburgh. Autoantibody specificities recorded
included those to centromere, topo I, RNAP III, Th/To, U1l
RNP, U2 RNP, U3 RNP, Us RNP, U4/U6 RNP, U11/U12
RNP, Ku, PM-Scl, aminoacyl-transfer RNA synthetases,
SRP, Mi-2, melanoma differentiation—associated gene 5
protein, transcription intermediary factor 1y, NXP-2, SAE,
SSA, SSB, Sm, and ribosomal. Antibodies to topo I, RNAP
III, centromere (MBL), and SSA (Ro 60 and Ro 52; Thermo-
Fisher Scientific) were evaluated using commercially
available kits,

Purification and identification of autoantigens. Auto-
antigens recognized by patients’ sera were isolated by af-
finity purification as described previously (15), with some
modifications. Briefly, a mixture of sera from 2 SSc pa-
tients containing autoantibodies of interest was incubated
with protein A-Sepharose CL-4B overnight at 4°C. The
antibody—protein A complex was cross-linked by treat-
ment with dimethyl pimelimidate (Pierce) for 1 hour, and
subsequently incubated with K562 cellular extracts. Pro-
teins bound were eluted by treatment with a buffer con-
taining 3 M MgCl, and 1 mM dithiothreitol, concentrated,
and fractionated on SDS-polyacrylamide gel. After both
edges of the gel were stained with silver, a portion of the
gel corresponding to the molecular weight of the protein of
interest was cut out from the gel, and protein components
were subjected to amino-terminal amino acid sequencing
by nanoscale high-performance liquid chromatography
on a C18 column (MAGIC 2002, Michrom BioResources)
coupled to a tandem mass spectrometer (Q-Tof2, Waters
Micromass) (16). Sequence data were used to search a
compiled protein database that was composed of protein

database NCBInr, which is publicly available (http://
www.ncbi.nlm.nih.gov/) as of November 7, 2007.

Immunoblots. Antibody reactivities to RuvBL1 and
RuvBL2 were further evaluated using 2 different im-
munoblot-based assays (17). First, protein components
immunoprecipitated  from K562 extracts by patients’
sera were subjected to immunoblots. The K562 cellular
lysates were used as a positive control. The immunopre-
cipitates and the K562 lysates were fractionated on SDS-
polyacrylamide gels and transferred onto nitrocellulose
membranes. After blocking with 5% nonfat milk, the mem-
branes were incubated with a 1:250 dilution of mouse
anti-RuvBL1 or anti-RuvBL2 mAb. After incubation with
horseradish peroxidase—conjugated goat anti-mouse IgG
antibodies (eBioscience), antibody binding was detected
using an enhanced chemiluminescence kit (Thermo
Scientific).

We also used recombinant RuvBL1 and RuvBL2 proteins
expressed in Escherichia coli (rRuvBL1 and rRuvBL2, re-
spectively; Abnova), which encompassed human full-
length amino acid sequences of these proteins fused with
glutathione S-transferase (GST), as antigens in immuno-
blots. These proteins were fractionated and transferred
onto nitrocellulose membranes. An edge of the mem-
brane was stained by amide black, and the remaining
portion was incubated with a 1:100 dilution of serum
samples, or 1:1,000 dilution of mouse anti-RuvBL1 or anti-
RuvBL2 mAb. After incubation with alkaline phosphatase-
conjugated goat anti-mouse or anti-human IgG antibodies
(Cappel), immunoreactive bands were visualized by de-
velopment with 4-nitro-blue tetrazolium chloride/BCIP
(Sigma-Aldrich).

Enzyme-linked immunosorbent assay (ELISA). rRuvBL1
and rRuvBL2 were used as an antigen in ELISA as de-
scribed previously (18). Briefly, polyvinyl 96-well plates
were coated with purified recombinant proteins (0.5 ug/
ml) and incubated with a 1:100 dilution of serum samples.
Samples were tested in duplicate, and the results were
expressed as the optical density at 405 nm.

Depletion of antibodies reactive with rRuvBL1 or
rRuvBL2 in serum. Patients’ sera were preincubated with
an excess amount {1 pg) of rRuvBL1, rRuvBL2, or the
mixture of these proteins for 2 hours at 4°C, and were
subjected to IP assay or immunoblots.

Statistical analysis. All continuous data are shown as
the mean * SD. The chi-square test or Fisher’s exact test
was employed for comparison of frequencies, when appro-
priate. Continuous variables were compared using the
Mann-Whitney test.

RESULTS

Detection of a novel SSc-related autoantibody reactive
with 50-kd doublets. During our routine assessment of
autoantibody profiles using protein IP assay, we noticed
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that several SSc sera precipitated strong doublet protein
bands at a molecular weight of ~50 kd (Figure 1). Since
unlabeled immunoglobulins fractionated on the gels inter-
fered with the electrophoretic motility of these bands, the
sizes of the doublet bands varied noticeably and it was
difficult to determine the precise molecular weights of
these proteins. This pattern of doublet protein IP was not
consistent with any reported SSc-related autoantibodies,
and was detected in 6 (1.9%) of 316 consecutive SSc
patients in the Kanazawa cohort. An identical IP pattern
was also found in 4 (1.5%) of 272 consecutive SSc patients
in the Keio cohort. In contrast, this antibody specificity
was not detected in any sera obtained from a total of 290
patients with SLE, PM, DM, RA, ILD alone, or AIH, or 50
healthy controls, indicating that the anti-50-kd doublet is
a novel SSc-specific autoantibody.

Identification of RuvBL1/2 as autoantigens. All 10 sera
that immunoprecipitated 50-kd doublets commonly pro-
duced a speckled nuclear pattern on indirect immuno-
fluorescence at a titer ranging from 1:160 to 1:1,280
(Figure 2A). This pattern was characterized by condensa-
tion of staining during prophase, followed by attenuation
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Figure 1. Detection of autoantibodies reactive with the 50-kd
doublets by a protein immunoprecipitation assay. Immuno-
precipitates from **S-methionine-labeled K562 cellular extracts
were subjected to 8% sodium dodecyl sulfate—polyacrylamide gel
electrophoresis, followed by autoradiography. Lanes 1 and 20 =
molecular weight (MW) markers; lane 2 = healthy serum; lanes
3-15 = sera from systemic sclerosis (SSc) patients positive for the
anti~50-kd doublets {(RuvBL1/2) from the Kanazawa cohort (lanes
3-8) and Pittsburgh cohort (lanes 9~15); lane 16 = SSc serum
with anti-RNA polymerase I/III/II (anti-RNAP I/II/TI); lane 17 =
SSc serum with anti-topoisomerase I (anti-topo I); lane 18 = 8Sc¢
serum with anti-Th/To; lane 19 = SSc serum with anti~U3 RNP.
Arrowheads show the 50-kd doublets. Dots in sera positive for
anti-topo I, anti~RNAP III, anti-Th/To, and anti-U3 RNP show
the main target antigens.
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Figure 2. Identification of RuvBL1/2 as the 50-kd doublets. A, An
indirect immunofluorescent staining pattern on HEp-2 cell slides
produced by a systemic sclerosis (8Sc) serum positive for anti—~
50-kd doublets (corresponding to lane 4 in Figure 1). Original
magnification X 200. B, High-magnification views of HEp-2 cells
in various cell cycle phases stained by an SSc serum positive for
anti-50-kd doublets. Original magnification X 400. C, Detection of
RuvBL1 and RuvBL2 in immunoprecipitates using immunoblots.
Protein components immunoprecipitated from K562 cellular ex-
tracts by 3 representative SSc sera positive for the anti-50-kd
doublets (lanes 1-3; corresponding to lanes 3, 4, and 7 in Figure 1)
and healthy serum (lane 4) were subjected to immunoblots probed
with anti-RuvBL1 (upper) or anti-RuvBL2 (lower) monoclonal
antibodies (mAb). Untreated K562 cellular lysates, instead of im-
munoprecipitates, were used as controls (lane 5).

of staining in the chromosomal area of the metaphase
mitotic cells (Figure 2B). Four (40%) of the positive sera
also produced fine granular cytoplasmic staining, but there
was no protein commonly immunoprecipitated by those
sera. On the other hand, none of the 10 sera with anti-
bodies to 50-kd doublets precipitated small nuclear or
cytoplasmic RNA by IP.

To identify autoantigens recognized by antibodies to
50-kd doublets, we partially purified the 50-kd doublets
from K562 extracts using the 2 SSc sera samples that
showed an ANA titer of 21:640 (corresponding to lanes 4
and 7 in Figure 1). When amino acid sequences obtained
by liquid chromatography mass spectrometry were sub-
jected to the protein database NCBInr search, the majority
of them were derived from human immunoglobulins.
However, 8% of 456 sequences completely matched amino
acid sequences of the amino-terminal portion of RuvBL1,
which is an ATP-binding nuclear protein that belongs to
the family of ATPase associated with diverse cellular ac-
tivities (19). RuvBL1 is present in the nucleus as a complex
with RuvBL2, which is a structurally related protein (19).
Interestingly, RuvBL1 and RuvBL2 form a double hexamer
and interact through their ATPase insert domain (20). The
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molecular weights of RuvBL1 and RuvBL2 are reported to
be 49 kd and 48 kd, respectively (19), raising the hypoth-
esis that the 50-kd doublets correspond to RuvBL1 and
RuvBL2. To test this hypothesis, we examined whether
proteins immunoprecipitated by anti-50-kd doublets con-
tained RuvBL1 and RuvBL2 (Figure 2C). The immuno-
precipitates of 3 representative SSc sera samples positive
for the anti-50-kd doublets contained both RuvBL1 and
RuvBL2, but those of healthy serum did not. In total,
immunoprecipitates of all 10 SSc sera with anti-50-kd
doublets contained both RuvBL1 and RuvBL2. In contrast,
all of the 20 control sera from SSc patients negative for the
anti-50-kd doublets failed to precipitate any of these pro-
teins. Therefore, the 50-kd doublets targeted by the novel
SSc-related autoantibody were confirmed to be RuvBL1
and RuvBL2.

Autoantibodies to the RuvBL1/2 complex are specific
to SSc. It has been reported that anti-RuvBL1 antibody
is detected in a small proportion of patients with SLE,
PM/DM, RA, or AIH by ELISA using a recombinant
RuvBL1 fragment expressed in E coli (21). This is incon-
sistent with our findings obtained from IP assay: detection
of anti-RuvBL1/2 was exclusive to SSc patients, To exam-
ine reasons for this discrepancy, we carried out antibody
detection assays using rRuvBL1 and rRuvBL2 individually
as antigens. In immunoblots, we occasionally found anti-
bodies reactive with rRuvBL1 or rRuvBL2 in the sera from
patients with SSc, PM, DM, SLE, RA, or AIH (Figure 3A).
None of those sera reacted with GST alone (data not
shown}. We used ELISA to further screen a larger number
of sera (Figures 3B and C). As a result, antibodies to
rRuvBL1 and rRuvBL2 were detected in sera from patients
with various diseases, irrespective of the presence or ab-
sence of reactivity to RuvBL1/2 by IP. When cutoff values
were set at 2 SDs above the mean of healthy controls,
anti-rRuvBL1 was detected in 6 (86%) of 7 SSc sera
with anti-RuvBL1/2 antibody by IP, but in 8 (5%) of 159
sera without anti-RuvBL1/2 (P < 0.00001); anti-rRuvBL2
was detected in 5 with anti-RuvBL1/2 (71%), but in 41
without anti-RuvBL1/2 (26%; P = 0.03). These findings
suggest that antibodies reactive with RuvBL1/2 detected
by IP assay and those reactive with individual rRuvBL1
and rRuvBL2 are distinct repertoires, although anti-
RuvBL1/2 antibodies frequently coexisted with antibodies
to rRuvBL1 or rRuvBL2,

One potential explanation for different specificities be-
tween antibodies detected by IP assay and recombinant
protein-based assays is their recognition of distinct epi-
topes. The IP detects antibodies recognizing epitopes pres-
ent on the native RuvBL1/2 complex, whereas assays using
rRuvBL1 or rRuvBL2 may detect antibodies reactive with
epitopes not present on the native complex. To examine
this possibility, we used commercially available anti-
RuvBL1 and anti-RuvBL2 mAb, which were generated by
immunization of mice with synthetic peptides encoding
amino acid sequences unique to each protein. These mAb
failed to precipitate RuvBL1/2 by IP assay (see Supple-
mentary Figure 1A, available in the online version of this
article at http://onlinelibrary.wiley.com/doi/10.1002/acr.
22163/abstract) and failed to stain the nucleus of HEp-2
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Figure 3. Detection of antibodies to recombinant RuvBL1 and
RuvBL2 (rRuvBL2 and rRuvBL2). A, Immunoblots using rRuvBL1
(upper) and rRuvBL2 (lower) as antigens. Systemic sclerosis (SSc)
sera positive for anti-RuvBL1/2 antibody by immunoprecipitation
(IP) assay (lanes 2 and 3), SSc sera negative for anti-RuvBL1/2
antibody by IP assay (lanes 4 and 5), polymyositis (PM) sera (lanes
6 and 7), dermatomyositis (DM) sera (lanes 8 and 9), systemic
lupus erythematosus (SLE) sera (lanes 10 and 11), rheumatoid
arthritis (RA) sera (lanes 12 and 13), autoimmune hepatitis (AIH)
sera {lanes 14 and 15), healthy control sera (lanes 16 and 17),
anti-RuvBL1 monoclonal antibody (mAb; lane 18), and anti-
RuvBL2 mAb (lane 19) are shown. Lane 1 indicates molecular
weight (MW) markers, and a band corresponds to 75 kd. B and C,
Antibodies to rRuvBL1 and rRuvBL2 measured by enzyme-linked
immunosorbent assay in 61 sera from SSc patients, 20 from PM
patients, 25 from DM patients, 20 from SLE patients, 20 from RA
patients, 20 from AIH patients, and 20 from healthy controls. 8Sc
patients were divided into 2 groups based on the presence or
absence of anti-RuvBL1/2 antibodies detected by IP assay. Broken
lines show cutoff levels for positivity, which were set at 2 SDs
above the mean of healthy controls {0.25 for anti-rRuvBL1 anti-
body and 0.14 for anti-fRuvBL2 antibody). OD,,; = optical den-
sity at 405 nm.

cells by indirect immunofluorescence. These characteris-
tics were consistent with patients’ sera that reacted with
rRuvBL1 and/or rRuvBL2 by immunoblots and ELISA. In
addition, SSc sera that immunoprecipitated the RuvBL1/2
complex retained their reactivity even after antibodies re-
active with rRuvBL1, rRuvBL2, or both were depleted
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Table 1. Clinical profiles in SSc patients with and without anti-RuvBL1/2 antibody in 2 independent Japanese cohorts*
Kanazawa cohort Keio cohort 2 cohorts combined
Anti-RuvBL1/2 Anti-RuvBL1/2 Anti-RuvBL1/2 Anti-RuvBL1/2 Anti-RuvBL1/2 Anti-RuvBL1/2
Demographic features negative positive negative positive negative positive
and organ involvement (n = 310) n =6} (n = 268) m=4) (n = 578) n=10) Pt
Age at SSc onset, mean 472 * 146 58.0 £ 14.5 42.2 £ 13.6 58.3+7.9 44.9 £ 14.1 58.1 £ 121 0.008
* 8D years
Male sex 62 (20) 3 (50) 29 (11) 2 (50) 91 (16) 5 (50) 0.01
Disease classification < 0.00001%F
dcSSc alone 95 (31) 2(33) 78 (29) 0 173 (30) 2 (20)
1cSSc alone 206 (66) 0 142 (53) 2 (50) 348 (60) 2 (20)
SSc in overlap 9(3) 4 (67) 48 (18) 2 (50) 57 (10) 6 (60)
Cutaneous involvement
Diffuse 102 (33) 5(83) 93 (35) 2 (50) 195 (34) 7 (70) 0.04
Limited 208 (67) 1(17) 175 (65) 2 (50) 383 (66) 3 (30)
Diffuse within overlap, 2/9 (22) 3/4 (75) 15/48 (31) 2/2 (100) 17/57 (30) 5/6 (83) 0.01
no./total (%)
Maximum MRSS, mean
+ SD
Diffuse cutaneous 18.4 £ 8.5 20.6 = 10.3 21.9 £ 6.1 21.0+ 14 200274 207 £ 7.5 0.8
involvement
Limited cutaneous 3.9+ 36 8§ 50%29 5.0x 14 4.4 * 3.3 6.0 £ 3.9 0.2
involvement
Organ involvement
Peripheral vasculature 275 (89) 6 (100) 259 (97) 4 (100) 534 (92) 10 (100) 0.8
Skeletal muscle 31 (10) 4(67) 35(13) 2 {50) 66 (11) 6 (60) 0.00003
Gastrointestinal tract 143 (46) 3 (50) 172 {64) 3(75) 315 (54) 6 (60) 0.7
Interstitial lung disease 137 (44) 5 (83) 147 (55) 2 (50) 284 (49) 7 {70) 0.3
PAH 25 (8) 1(17) 17 (6) 0 42 (7) 1(10) 0.8
Heart 34 (11) 4 (67) 23(9) 1(25) 57 (10) 5 (50) 0.0003
Kidney (renal crisis) 6(2) 0 11 (4) 0 17 (3) 0 0.7
* Values are the number (percentage) unless indicated otherwise. SSc = systemic sclerosis; dcSSc = diffuse cutaneous SSc; 1eSSc = limited cutaneous
SSc¢; MRSS = modified Rodnan totul skin thickness score; PAH = pulmonary arterial hypertension.
t P values were calculated after the 2 cohorts were combined.
4 P = 0.03 and P < 0.00001 in frequencies of IcSSc alone and SSc in overlap between anti-RuvBL1/2—positive and —negative patients, respectively.
§ Only 1 patient had limited cutaneous involvement.

completely (see Supplementary Figure 1B, available in
the online version of this article at http://onlinelibrary.
wiley.com/doi/10.1002/acr.22163/abstract). These find-
ings together suggest that anti-RuvBL1/2 detected by IP
exclusively in SSc patients recognizes the native complex.

Clinical features associated with anti-RuvBL1/2 anti-
body in the Japanese cohorts, We first divided SSc pa-
tients in the Kanazawa and Keio cohorts into 2 groups
according to the presence or absence of anti-RuvBL1/2 and
compared clinical characteristics between the groups
(Table 1). Since the number of SSc patients with anti-
RuvBL1/2 antibody was small in individual cohorts, sta-
tistical analysis was conducted by combining the 2 cohorts
into one. SSc patients with anti-RuvBL1/2 were older at
onset and were more frequently men than those without
anti-RuvBL1/2 (P = 0.008 and P = 0.01, respectively). Of
note, 60% of patients with anti-RuvBL1/2 were classified
as having SSc in overlap, which was significantly higher
than the frequency of SSc in overlap in those without this
antibody (P < 0.00001). Diffuse cutaneous involvement
was more common in patients with anti-RuvBL1/2 than in
those without (P = 0.04). Interestingly, the majority of
patients with SSc in overlap also had diffuse skin thick-

ening. In terms of organ involvement, skeletal muscle dis-
ease was significantly more frequent in anti-RuvBL1/2—
positive patients than in anti-RuvBL1/2-negative patients
(P = 0.00003). Heart involvement was also more com-
monly found in patients with anti-RuvBL1/2 (P = 0.0003).

Although some anti-RuvBL1/2-positive sera precipi-
tated additional proteins by IP assay, no known autoanti-
bodies, including SSc- and myositis-related antibodies,
were detected, while one was positive for anti-SSA anti-
body by a commercial kit. No patient received medications
that could potentially induce autoantibody production,
including statins, antihypertensive drugs, and biologic
agents. None of the patients had malignancy diagnosed
concurrently with or within 3 years before or after the
diagnosis of SSc.

Clinical features associated with anti-RuvBL1/2 anti-
body in the Pittsburgh cohort. To further examine clinical
correlations with anti-RuvBL1/2 antibody, we analyzed
SSc patients in the Pittsburgh cohort. By routine screening
of SSc patients’ sera with IP assay during 1982-2005, 27
SSc sera were found to have anti-RuvBL1/2 antibody. Four
positive patients had other SSc-related antibodies (1 with
both anti-RNAP IIT and anti-Ku and 3 with one of each of

— 635 —



Novel 8Sc-Related Autoantibody Directed Against RuvBL1/2

581

Table 2. Clinical profiles in $Sc patients with and without anti-RuvBL1/2 antibody in
the Pittsburgh cohort*
Anti-RuvBL1/2  Anti-RuvBL1/2
Demographic features and negative positive
organ involvement (n = 458) (n = 27) P

Age at SSc onset, mean * SD years 44,0 = 15.5 46,0 = 15.1 0.5
Male gsex 104 (23) 10 (37) 0.1
White race 414 (90) 25 (93) 1.0
Disease classification < 0.00001%

dcSSc alone 215 (47) 8 (30)

1cSSc alone 207 (45) 3(11)

SSc in overlap 36 (8) 16 (59)
Cutaneous involvement

Diffuse 226 (49) 18 (67) 0.08

Limited 232 (51) 9(33)

Diffuse within overlap, no./total (%) 11/36 (31) 10/16 (63) 0.04
Maximum MRSS, mean + SD

Diffuse cutaneous involvement 26.5 £ 12.0 20.0 = 8.4 0.02

Limited cutaneous involvement 4.5 + 3.8 7.6 = 8.7 0.03
Organ involvement

Peripheral vasculature 449 (98) 22 (81) < 0.00001

Skeletal muscle 64 (14) 16 (59) < 0.00001

Gastrointestinal tract, no./total (%) 239/310 (77) 17/18 (94) 0.08

Interstitial lung disease, no./total (%) 157/374 (42) 11/22 (50) 0.3

PAH, no./total (%) 56/285 (20} 2/15 (13) 0.8

Heart, no./total (%) 70/353 (20) 5/23 (22) 0.8

Kidney (renal crisis) 50 (11) 1(4) 0.4
* Values are the number (percentage) unless indicated otherwise. Denominators are the number of
patients with objective testing for organ involvement. SSc = systemic sclerosis; dcSSe = diffuse cutane-
ous SSc; IeSSe = limited cutaneous SSc; MRSS = modified Rodnan total skin thickness score; PAH =
pulmonary arterial hypertension.
+ P = 0.001 and P < 0.00001 in frequencies of lcSSc alone and SSe in overlap between anti-RuvBL1/2—
positive and -negative patients, respectively.

anti-RNAP III, anti-Ku, and anti-Th/To). Myositis-related
antibodies were not detected, but anti-SSA antibody was
found in 2 sera. Regarding medications that could conceiv-
ably induce autoantibody production, we examined those
taken prior to the serum sample that demonstrated anti-
RuvBL1/2 antibodies. These included, alone or in com-
bination, D-penicillamine (n = 7), methotrexate (n = 8),
and anti-tumor necrosis factor biologic agents (n = 2).
Angiotensin-converting enzyme inhibitors (n = 2) and
statins (n = 0) were infrequently or not prescribed. Only 1
patient had lung cancer 10 months after anti-RuvBL1/2
was identified.

When the prevalence of anti-RuvBL1/2 antibody was
calculated in 2 consecutive 2-year periods, including
1994-1995/2004-2005, 5 (1.1%) of 463 consecutive new
SSc patients with serum available for testing had anti-
RuvBL1/2 antibody.

For assessment of clinical correlations with anti-
RuvBL1/2, demographic and clinical characteristics of the
27 anti-RuvBL1/2-positive SSc patients were compared
with the 458 consecutive anti-RuvBL1/2-negative SSc pa-
tients first evaluated in 1994-1995/2004-2005 (Table 2).
In contrast to the Japanese cohorts, there was no difference
in age at SSc onset between the groups, but the proportion
of men among the anti-RuvBL1/2-positive patients tended
to be higher. The distribution of SSc subsets was different
between patients with and without anti-RuvBL1/2 (P <
0.00001). More than half of the anti-RuvBL1/2-positive

patients were classified as having SSc in overlap. Diffuse
skin thickening was more common in patients with anti-
RuvBL1/2 in general and in those with SSc in overlap
compared with those without. In terms of organ involve-
ment, peripheral vascular involvement was less common
and skeletal muscle involvement was more common in
patients with anti-RuvBL1/2 than in those without (P <
0.00001 for both comparisons). There were no differences
in frequencies of other organ involvements, including the
heart, between these 2 groups.

Comparison of clinical features in SSc patients with
3 autoantibodies associated with SSc/myositis overlap.
Anti-PM-Scl and anti-Ku are representative SSc-related
antibodies associated with inflammatory myopathy (1,2).
To examine potential differences in clinical correlations
between anti-RuvBL1/2 and these 2 other antibodies, clin-
ical features were compared between SSc patients who
were identified to have anti-RuvBL1/2, anti-PM-Scl, and
anti-Ku (Table 3). In this analysis, SSc patients in the
Japanese and Pittsburgh cohorts were combined. Anti-~
PM-Scl was not found in the Japanese cohort, which is
consistent with a previous report (22). Age at SSc onset
was older and the proportion of men was higher in pa-
tients with anti-RuvBL1/2 (P = 0.0001 and P = 0,002,
respectively). Approximately half of the patients were
classified as having SSc in overlap in all 3 groups, but
diffuse skin thickening was more prevalent in patients
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Table 3. Comparisons of clinical profiles in $Sc patients with 3 autoantibodies associated with SSc/myositis overlap*
Anti-RuvBL1/2 Anti~PM-Scl Anti-Ku
Demographic features and - positive positive positive
organ involvement (n = 37)t (n = 76) (n = 44) Overall P
Cohort, no.
2 Japanese institutions 10 0 13
University of Pittsburgh 27 76 31
Age at SSc onset, mean * SD years 59.3 * 14.4 37.6 = 17.7 38.4 = 15.5 0.0001%
Male sex 15 (41} 8 (16) 8 (18} 0.002§
White race 25 (68) 74 (97) 26 (59) < 0.000019
Disease classification 0.024
dcSSc alone 13 (35) 12 (16) 15 (34)
1¢SSc alone 5 (14) 28 (37) 10 {23)
SSc in overlap 19 (51) 36 (47) 19 (43)
Cutaneous involvement
Diffuse 25 (68) 22 (29) 20 (45) 0.0004**
Limited 12 (32) 54 (71) 24 (55)
Diffuse within overlap, no./total (%) 12/19 (63) 10/36 (28) 5/19 (26) 0.02+t
Typical DM rash 4(11) 24 (32) 6 (14) 0.01%+
Maximum MRSS, mean = SD
Diffuse cutaneous involvement 20.3 = 8.4 11.0 = 8.8 22.7 £ 124 0.018§§
Limited cutaneous involvement 7.2 % 5.6 4.6 3.5 56 = 4.8 0.1
Organ involvement
Peripheral vasculature 32 (86) 68 (91) 40 (91) 0.8
Skeletal muscle 21 (57) 39 (51) 22 (50) 0.7
Gastrointestinal tract, no./total (%) 23/28 (82) 24/46 (52) 29/40 (73) 0.0499
ILD, no./total (%) 18/32 (56) 31/62 (50) 19/44 (43) 0.5
PAH, no./total (%) 3/25 (12) 3/59 (5) 4/28 (14) 0.4
Heart, no./total (%) 10/33 (30) 6/54 (11) 8/40 (20) 0.08
Kidney (renal crisis) 1(3) 6 (8) 1(2) 0.9

* Values are the number (percentage) unless indicated otherwise. Denominators are the number of patients with objective testing for organ
involvement. SSc = systemic sclerosis; deSSc = diffuse cutaneous 8S¢; 1cSSc = limited cutaneous SSc; DM = dermatomyositis; MRSS = modified
Rodnan total skin thickness score; ILD = interstitial lung disease; PAH = pulmonary arterial hypertension,

+ Two anti-RuvBL1/2-positive patients had concomitant anti-Ku antibody.

+ P = 0.0001 and P = 0.001 between anti-RuvBL1/2-positive and anti~-PM-Scl-positive groups and between anti-RuvBL1/2~positive and anti-Ku—

positive groups, respectively.

anti-Ku~—positive groups.

groups, respectively.

§ P = 0.0002 between anti-RuvBL1/2-posilive and anti-PM-Scl-positive groups.
¢ P < 0.00001 for comparisons both between anti-RuvBL1/2-positive and anti-PM-Scl-positive groups and between anti-PM-Scl-positive and

_ # P = 0.01 between anti-RuvBL1/2-positive and anti-PM-Scl-positive groups.
** P = 0.0001 between anti-RuvBL1/2—positive and anti-PM-Scl-positive groups.
++ P = 0.02 and P = 0.03 between anti-RuvBL1/2—positive and anli-PM-Scl-positive or anti-Ku—positive groups, respectively.
¥% P = 0.01 and P = 0.03 between anti-RuvBL1/2-positive and anti~PM-Scl-positive groups and between anti-PM-Scl-positive and anti-Ku—positive

§§ P = 0.001 between anti-RuvBL1/2~positive and anti-PM-Scl-positive groups.
99 P = 0.01 between anti-RuvBL1/2-positive and anti-PM-Scl-positive groups.

with anti-RuvBL1/2 (P = 0.0004). In particular, anti-
RuvBL1/2-positive patients with SSc in overlap more fre-
quently had diffuse cutaneous involvement than did pa-
tients positive for anti-PM-Scl or anti-Ku (P = 0.02). DM
rashes were less frequent in patients with anti-RuvBL1/2
and anti-Ku than in those with anti~PM-Scl (P = 0.01).
The maximum MRSS in patients with diffuse cutaneous
involvement was greater in those with anti-RuvBL1/2 than
in those with anti-PM-Scl (P = 0.001). Gastrointestinal
and heart involvement was less common in patients with
anti~PM-Scl compared with those patients with the other
antibodies (P = 0.04 and P = 0.08, respectively).

DISCUSSION

We have identified and characterized a novel autoantibody
reactive with an RuvBL1/2 complex in a small group of

SSc patients. Anti-RuvBL1/2 antibody was detectable by
IP assay exclusively in SSc patients. In addition, anti-
RuvBL1/2 seldom coexisted with other known autoanti-
body specificities. Based on these characteristics, anti-
RuvBL1/2 should be listed as one of the SSc-related
autoantibodies, although its prevalence in SSc patients is
low (1-2%). RuvBL1 (also known as RVB1, TIP49, and
pontin} and RuvBL2 (also known as RVB2, TIP48, and
reptin) are highly conserved eukaryotic proteins and form
a double hexamer in the nucleus as a scaffolding molecule.
Recent studies have implicated the RuvBL1/2 complex in
many cellular processes, such as transcription, DNA re-
pair, chromatin remodeling, and small nucleolar RNP as-
sembly (19).

We also confirmed and extended the finding by Makino
et al (21). Specifically, antibodies to rRuvBL1 or rRuvBL2
were detected in a small proportion of patients with vari-
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ous connective tissue diseases or AIH. However, these
antibodies were distinct from anti-RuvBL1/2 detected in
SSc patients, in terms of recognition of the RuvBL1/2
complex by IP assay. It is highly likely that SSc-specific
autoantibodies preferentially recognize epitopes present
on the native RuvBL1/2 complex, probably a double hex-
amer, whereas autoantibodies detected nonspecifically in
patients with various connective tissue diseases may react
with epitopes present on RuvBL1 and RuvBL2, but not on
the native complex. In this regard, many SSc-related anti-
bodies have been shown to preferentially recognize auto-
antigens with native conformations (23-26).

Clinical features associated with anti-RuvBL1/2 in-
cluded a high frequency of SSc in overlap with skeletal
myopathy and diffuse skin thickening. These correlations
were originally detected in the Japanese cohorts and rep-
licated in the North American cohort. Therefore, anti-
RuvBL1/2 should be included in a group of autoantibodies
associated with SSc/myositis overlap, including anti-PM-
Scl and anti-Ku. Interestingly, among these 3 antibodies,
anti-RuvBL1/2 is associated with a unique combination of
clinical features, including an older age at SSc onset and
higher frequencies of men and diffuse skin thickening,

Intriguingly, both RuvBL1/2 and Ku are required for the
DNA damage response. Specifically, RuvBL1/2 is involved
in sensing DNA damage and recruitment of repair pro-
teins at the site of damage (19), while the Ku heterodimer
plays a key role in the repair of DNA double-strand breaks
by forming a complex with the DNA-dependent protein
kinase catalytic subunit (27). Conversely, PM-Scl, also
known as an exosome complex, plays a critical role in
processing of various RNAs, including ribosomal and
small nucleolar RNAs (19,28). RuvBL1/2 is also involved
in assembly and trafficking of small nucleolar RNAs (19).
These shared features of RuvBL1/2, Ku, and PM-Scl may
provide insights into pathologic consequences in SSc and
skeletal myopathy.

In summary, we have identified a novel SSc-related
ANA reactive with an RuvBL1/2 complex. Anti-RuvBL1/2
antibody is a serologic marker for SSc/myositis overlap
with diffuse cutaneous involvement.
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Reconciling Healthcare Professional and Patient
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and Response Criteria in Connective Tissue
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ABSTRACT. Interstitial lung diseases (ILD), including those related to connective tissue disease (CTD), and

idiopathic pulmonary fibrosis (IPF) carry high morbidity and mortality. Great efforts are under way
to develop and investigate meaningful treatments in the context of clinical trials. However, efforts
have been challenged by a lack of validated outcome measures and by inconsistent use of measures
in clinical trials. Lack of consensus has fragmented effective use of strategies in CTD-ILD and IPF,
with a history of resultant difficulties in obtaining agency approval of treatment interventions. Until
recently, the patient perspective to determine domains and outcome measures in CTD-ILD and IPF
had never been applied. Efforts described here demonstrate unequivocally the value and influence of
patient involvement on core set development. Regarding CTD-ILD, this is the first OMERACT
working group to directly address a manifestation/comorbidity of a rheumatic disease (ILD) as well
as a disease not considered rheumatic (IPF). The OMERACT 11 proceedings of the CTD-ILD
Working Group describe the forward and lateral process to include both the medical and patient
perspectives in the urgently needed identification of a core set of preliminary domains and outcome
measures in CTD-ILD and IPF. (First Release Feb 1 2014; J Rheumatol 2014;41:792-8; doi:10.3899/

jrheum.131251)
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CONNECTIVE TISSUE DISEASE
PATIENT PERSPECTIVE
SYSTEMIC SCLEROSIS

Background

The Connective Tissue Disease Interstitial Lung Disease
(CTD-ILD) Working Group convened as a special interest
group (SIG) during the Outcome Measures in Rheuma-
tology 11 (OMERACT 11) conference to examine concur-
rence of results between the Delphi exercise among
healthcare professionals and the focus group sessions with
patient participants. The SIG included, in addition to
OMERACT participants, 2 patient research partners with
1LD (DL, CS), the principal investigator (LAS), a director of
the patient expert investigation (SM), a director of the
medical expert investigation (ELLM), and the representative
from the OMERACT executive (VS).

The OMERACT CTD-ILD Working Group is an interna-
tional multidisciplinary effort to develop consensus on
criteria to measure disease activity and therapeutic response
in CTD-ILD. The group first met in November 2008 to
address outcome measures in CTD-ILD by developing a
multitiered Delphi process to obtain opinions from a broad
array of expert pulmonologists, rheumatologists, and cardi-
ologists, as well as a patient perspective strategy.
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ILD is one of the leading causes of mortality related to
underlying CTD pulmonary disease in systemic sclerosis
(SSc)'? and is a major cause of morbidity and mortality in
CTD such as rheumatoid arthritis (RA). idiopathic inflam-
matory myopathy, and Sjogren syndrome. Studies suggest
that while mortality rates associated with some CTD have
declined, mortality rates associated with CTD-associated
pulmonary disease have increased,

Many complexities of CTD-ILD exist; however,
presently there is no consensus on measures to use for
assessment of disease activity or treatment response in
CTD-ILD. Drug development and assessment of treatment
efficacy have been diminished by a relative paucity of data
on validated outcome measures in CTD.

Traditional measures of disease activity in ILD are easily
confounded by extrapulmonary manifestations of under-
lying CTD, and although instruments are imperfect, even in
a disease such as IPF, whose characteristics are limited to
the lung, the group embarked on addressing IPF in
comparison to CTD-ILD to provide opinion simultaneously
on outcome measures for both disease groups. The
CTD-ILD SIG is the first working group, to our knowledge,
to take an interest in a comorbid manifestation of a
rheumatic disease.

During OMERACT 11, the CTD-ILD SIG presented
results to date and engaged meeting participants (providers
and patients) in further discussions regarding this progress.

We summarize studies conducted to develop response
criteria, domains identified, and progress leading up to
OMERACT 11.

Medical Expert Consensus
Rheumatology, pulmonary, cardiology, radiology, and
pathology specialists with expertise in IPF and/or
CTD-ILD, as well as statisticians, advised on construction
of and participation in a structured 3-tiered Internet-based
Delphi process to develop consensus on outcome measures
reflective of disease activity and therapeutic responsiveness.

The healthcare professional (HCP) Delphi exercise was
designed to identify domains and instruments perceived as
important outcomes in the context of a {-year multicenter
randomized controlled trial (RCT) of a promising treatment
for IPF and/or CTD-ILD. This consensus process included
254 medical experts (physicians with research and clinical
expertise in ILD) from 36 countries and 6 continents. In an
effort to representatively reflect the views and maintain the
true voice of the expert community, the process was initiated
with an unrestricted collection of domains and instruments
suggested by the HCP. This method of data collection
created the voting survey. Throughout the consensus
process, the Delphi addressed both CTD-1LD and IPF in
parallel tracts, to identify commonalities and differences
among outcome measures between these 2 entities.

The Delphi process used a Web-based data collection

system that featured links to original publications and sub-
sequent articles addressing validation of all instruments that
were identified by a comprehensive Medline literature
review. An “Inter-Expert Educational Component” allowed
participants to upload commentary, articles, and links for
review, as well as challenge or defend inclusion of a domain
or instrument.

Using cluster analyses, the 3-part Delphi resulted in
selection of 5 domains each for IPF and CTD-ILD that were
further supported by high mean and median ratings (Table
1). Surviving instruments, also analyzed by cluster analysis,
are shown in Table 2, with supporting high median and
mean scores. In addition, surviving instruments of
“increasing or decreasing steroids and/or immunosup-
pressive medications” survived as a marker of disease
activity in the “Medications” domain. Please see discussion
under “OMERACT 11 Proceedings™ below.

Patient Perspective Investigation

The patient-centered investigation was planned with the
following objectives: to collect information relevant to the
patient experience to determine domains important to
patients in assessing disease activity and its effect, provide
their perspective on currently used instruments in
IPF/CTD-ILD, and to recognize aspects of these diseases
relevant to patients potentially not considered by investi-
gators. This strategy was intended to promote understanding
of the disease based on the priorities. central experiences,
and subtle day-to-day challenges faced by patients that
investigators rarely witness.

The investigative team included 3 rheumatologists with
expertise in CTD-ILD, a pulmonologist, a patient research
partner, and a senior qualitative researcher. All members
engaged in stody design, implementation, analysis, and
interpretation of the results. No preconceived themes or
codification were imposed upon the data collected for
deductive analysis. Rather, the team adopted an inductive
methodology to preserve views expressed by the patients
within their own frames of reference, whereby data
collected through focus group interviews underwent
iterative analyses from which a codification system
emerged. Each transcript from each focus group was

Table 1. Results of cluster analysis of the 3-tiered healthcare professional
Delphi process. Five domains each were identified for connective tissue
diseasc—related interstitial lung disease (CTD-ILD) and idiopathic
pulmonary fibrosis (IPF). Values are ratings on a 9-point scale.

Domain Name CTD-ILD IPF
median/mean median/mean
Dyspnea 8.0/7.8 8.0/8.1
Health-related quality of life 8.0/7.7 8.0/7.8
Lung imaging 9.0/8.3 90/8.3
Lung physiology/function 9.0/8.7 9.0/8.7
Survival 8.0/82 9.0/84

1 Personal non-commercial use only. The Journal of Rheumatology Copyright © 2014. All rights reserved. j——————
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