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Abstract

Objective: Rheumatoid arthritis (RA) is often complicated with chronic lung diseases (CLD), including interstitial lung
disease (ILD) and airway disease, which occur as extra-articular manifestations. CLD in RA have been associated with
the production of rheumatoid factor (RF), anti-citrullinated peptide antibody (ACPA), or anti-carbamylated protein
(CarP) antibody. However, few validation studies have been performed thus far. In the present study, we investigated
the association of RF, ACPA, and anti-CarP antibodies with RA complicated with CLD.

Methods: Sera from RA patients with or without CLD were collected. The levels of serum RF, RF immunoglobulin A
(IgA), ACPA IgG, ACPA IgA, and ACPA secretory component (SC) were measured using enzyme-linked immunosorbent
assay.

Results: The comparison of RA patients with and without CLD showed that RF IgA was associated with ILD

(mean = standard deviation: 206.6 +400.5 vs. 95.0 4 523.1 U/ml, respectively, P=1.13 x 10~8), particularly usual inter-
stitial pneumonia (UIP) (263.54+502.0U/ml, P=1.00 x 10~7). ACPA SC was associated with RA complicated with ILD
(mean & standard deviation: 8.6 +25.1 vs. 2.3 £ 3.4 U/ml, respectively, P=0.0003), particularly nonspecific interstitial
pneumonia (NSIP) (10.7 £31.5U/ml, P=0.0017). Anti-CarP antibodies were associated with RA complicated with ILD
(0.04240.285 vs.0.00340.011 U/ml, respectively, P =1.04X10~ ).

Conclusion: RF IgA and ACPA SCin RA were associated with UIP and NSIP, respectively, suggesting different specifi-
cities in patients with RA. Anti-CarP antibodies were associated with ILD in RA. These results may help elucidate the
different pathogeneses of UIP and NSIP in RA.

Keywords: Rheumatoid arthritis, Interstitial lung disease, Anti-citrullinated peptide antibody, Secretory component,
Rheumatoid factor, Usual interstitial pneumonia, Nonspecific interstitial pneumonia, IgA
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disease (ILD) and airway disease (AD). RA patients
complicated with ILD or AD are associated with a poor
prognosis [1-5]. Thus, it is necessary to clarify the patho-
logical conditions of ILD and AD in RA.

Rheumatoid factors (RFs) are autoantibodies against
immunoglobulin G (IgG) Fc fragments; most RFs belong
to the IgM class. The serum levels of RFs are linked
to RA-associated ILD (RA-ILD) [6, 7]. The levels of RF
IgA are also related to RA-ILD [8, 9]. Anti-citrullinated
peptide antibodies (ACPAs) are autoantibodies against
citrullinated peptides. Citrullinated peptides are gener-
ated through posttranslational modification of arginine
residues to citrulline by peptidylarginine deiminases. The
specificity of ACPA for RA is higher than that of RFs, and
the serum levels of ACPA IgG are associated with RA-
ILD [6, 9, 10]. Notably, idiopathic pulmonary fibrosis is
associated with ACPA IgA [8, 11]. Moreover, the serum
levels of ACPAs with secretory component (SC) have
been linked to RA-ILD [12]. SC attaches to IgA and IgM
to form secretory IgA and IgM, respectively; these secre-
tory Igs are subsequently transported to the mucosa.
Small amounts of secretory Igs have also been found in
sera [13, 14]. Studies have revealed that the major portion
of serum ACPA SC is composed of IgM [15]. Anti-car-
bamylated protein (CarP) antibodies recognize homo-
citrullinated peptides generated by posttranslational
modification of lysine residues. Anti-CarP antibod-
ies were reported to be associated with ILD in RA [16].
However, few validation studies on those associations of
autoantibodies with RA-ILD have been performed thus
far. In the present study, we investigated the association
of RF, ACPA, and anti-CarP antibodies with RA-ILD in
Japan.

Materials and methods

Patients and sera

A total of 453 patients with RA, for whom chest com-
puted tomography data were available, were recruited at
Sagamihara National Hospital, Himeji Medical Center,
Miyakonojo Medical Center, Nagoya Medical Center,
and Nagasaki Medical Center from 2010 to 2017. These
patients fulfilled the American College of Rheumatology
criteria for RA [17] or Rheumatoid Arthritis Classifica-
tion Criteria [18]. Sera from the patients were collected
and analyzed for the production of autoantibodies. Based
on the predominant findings of chest computed tomog-
raphy, the patients were categorized as follows, usual
interstitial pneumonia (UIP), nonspecific interstitial
pneumonia (NSIP), AD, emphysema, or no CLD [19]. The
study was reviewed and approved by the National Hos-
pital Organization Central Institutional Review Board,
Research Ethics Committees of Sagamihara National
Hospital and Tokyo National Hospital. Written informed
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consent was provided by all the participants. This study
was conducted in accordance with the principles stipu-
lated in the Declaration of Helsinki.

Autoantibody detection

RF was detected using an N-latex RF kit (Siemens Health-
care Diagnostics, Miinchen, Germany), and the cut-off
value set by manufacturer was 15U/ml in the kit. RF IgA
was detected using a Rheumatoid factor IgA kit (Organ-
tech Diagnostika, Mainz, Germany). Based on the 98th
percentile among 52 healthy controls, the cut-off value
for positivity was set to 14.572. ACPA IgG was measured
using the Mesacup-2 test cyclic citrullinated peptide,
and the cut-off value set by manufacturer was 4.5U/ml
in the kit (Medical & Biological Laboratories, Nagoya,
Japan). ACPA IgA was detected with the Mesacup-2 test
CCP and peroxidase conjugated goat anti-human IgA
alpha chain antibodies (Jackson ImmunoResearch, West
Grove, PA, USA). Sera and secondary antibodies were
diluted (1:100 and 1:10,000, respectively) using the dilu-
tion buffer included in the kit. The levels of ACPA IgA
in pooled sera from three patients with known high
levels of ACPA IgA were designated to be 27 U/ml. The
pooled sera were serially diluted to be used as the cali-
brator, and the results were presented as arbitrary units
(U/ml). Based on the 98th percentile among 52 healthy
controls, the cut-off value for positivity was set to 0.944.
ACPA SC was detected using Immunoscan CCPlus (Svar
Life Science, Malmo, Sweden) and peroxidase conjugated
goat anti-human SC antibodies (Nordic-MUbio, Sus-
teren, Netherlands). Sera and secondary antibodies were
diluted (1:22 and 1:2000, respectively) using the dilu-
tion buffer included in the kit. The levels of ACPA SC in
pooled sera from three patients with known high levels
of ACPA SC were designated to be 27 U/ml. The pooled
sera were serially diluted to be used as the calibrator,
and the results were presented as arbitrary units (U/ml).
Based on the 98th percentile among 52 healthy controls,
the cut-off value for positivity was set to 0.966. Anti-CarP
antibodies were detected using human anti-CarP ELISA
kit (Wuhan Fine Biotech Co., Ltd., Wuhan, China). Sera
were diluted (1:25) using the dilution buffer included in
the kit. The levels of anti-CarP antibodies in the standard
were designated to be 1 U/ml. The results were presented
as arbitrary units (U/ml). Based on the 98th percentile
among 52 healthy controls, the cut-off value for posi-
tivity was set to 0. The presence of RF and ACPA IgG
autoantibodies in patients with RA has been reported in
previous studies [19, 20]. Krebs von den lungen-6 (KL-
6) was detected using a Picolumi KL-6 Electrochemi-
luminescence immunoassay system (EIDIA Co., Ltd,
Tokyo, Japan) and the cut-off value set by manufacturer
was 500 U/ml. Surfactant protein-D (SP-D) was detected
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using the SP-D kit “Yamasa” EIA II (Yamasa Corporation,
Choshi, Japan) and the cut-off value for positivity set by
manufacturer was 110ng/ml. Steinbrocker stages were
measured as previously described [19, 21].

Statistical analysis

The demographic features of RA patients and autoan-
tibody productions were compared with those of RA
patients without CLD by Fisher’s exact test using 2 x 2
contingency tables or the Mann—Whitney U test.
Receiver operator characteristic (ROC) curves for RF or
ACPA were generated to compare RA patients with and
without CLD. The area under the curve (AUC) values
of the ROC curves with 95% confidence intervals were
estimated. In addition, the optimized cut-off levels with
specificities and sensitivities conditional on the highest
Youden’s index were calculated. A P<0.05 value denoted
statistically significant difference.

Results

Clinical features of patients with RA

Patient characteristics are presented in Table 1. The
mean age, age at onset, KL-6 levels, and SP-D levels were
increased in RA patients with ILD versus those without
CLD. The percentage of smokers or former smokers and
KL-6 levels were higher in RA patients with AD. Further-
more, Steinbrocker stage, percentage of smokers or for-
mer smokers, KL-6 levels, and SP-D levels in RA patients
with emphysema were also increased.

RF, ACPA, and anti-CarP antibodies in patients with RA

The production of RF and ACPA was analyzed in the
sera of RA patients with and without CLD (Table 2,
Fig. 1). RF was associated with ILD (mean = standard
deviation: 510.9£1213.6 vs. 235.69 +569.9 U/ml, respec-
tively, P=0.0025), AD (233.6+362.6U/ml, P=0.0149),
emphysema (871.44+1993.6U/ml, P=0.0002), and
CLD (443.84+1133.3U/ml, P=9.58 x 10~°). RF IgA was
associated with ILD (206.6+400.5 vs. 95.0+£523.1U/
ml, respectively, P=1.13x 1079), particularly UIP

(263.54+502.0U/ml, P=1.00x10"7). RF IgA was
also associated with emphysema (293.0+687.4,
P=864x10"% and CLD (195.1£601.9U/ml,

P=721x10"7). ACPA IgG was associated with RA
with emphysema (445.6+400.6 vs. 270.7 £308.3U/ml,
respectively, P=0.0033). ACPA IgA was associated with
RA with ILD (11.8+£42.7 vs. 4.1 +6.7U/ml, respectively,
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P=0.0159), AD (9.2+34.4U/ml, P=0.0468), emphy-
sema  (14.04+29.7U/ml, P=0.0020), and CLD
(11.0£37.6U/ml, P=0.0015). ACPA SC was associated
with RA complicated with ILD (8.6+25.1 vs. 2.3+3.4U/
ml, respectively, P=0.0003), particularly NSIP
(10.7431.5U/ml, P=0.0017). ACPA SC was also asso-
ciated with emphysema (7.9+8.6U/ml, P=3.89 x 10~7)
and CLD (6.84+18.7U/ml, P=3.05x% 10"°). Anti-CarP
antibodies were associated with RA complicated with
ILD (0.042+0.285 vs. 0.003+£0.011U/ml, respectively,
P =1.04X10"!). Anti-CarP antibodies were also asso-
ciated with CLD (0.02140.189U/ml, P =4.75 x 10™%).
The positivity for RF, ACPA, and anti-CarP antibodies
was also analyzed in RA patients with or without CLD
(Supplementary Table S1). Although similar results were
obtained, the association of the positivity of ACPA SC
with NSIP in RA was not stronger than that observed for
the levels of ACPA SC (Supplementary Table S1, Fig. 1E).
This may be attributed to the extremely higher expression
levels of ACPA SC in some RA patients with NSIP. Thus,
RF IgA in RA was associated with ILD (particularly UIP),
while ACPA SC in RA was associated with ILD (particu-
larly NSIP). Additionally, anti-CarP antibodies were asso-
ciated with ILD in RA.

ROC curves for RE, ACPA, and anti-CarP antibodies
were generated to compare RA patients with and without
CLD (Supplementary Fig. S1). The AUC values of the ROC
curves with 95% confidence intervals were calculated. How-
ever, AUC values of these ROC curves were <0.7. These data
indicated that RF, ACPA, and anti-CarP antibodies are not
sufficiently strong biomarkers for the diagnosis of CLD.

Discussion

In the present study, RF IgA was associated with RA-ILD
(particularly UIP), while ACPA SC was associated with
RA complicated with ILD (particularly NSIP). Anti-CarP
antibodies were associated with ILD in RA. The associa-
tion of RF IgA with RA-ILD was previously reported [8,
9]. Although this association was confirmed in this study,
the stronger association with UIP was not observed. The
association of ACPA SC with RA-ILD was also previously
reported [12], and a stronger association with NSIP was
found in the present study. Thus, the present results sug-
gested different specificities of RF IgA for UIP and ACPA
SC for NSIP in patients with RA. Furthermore, the evi-
dence suggests the involvement of these autoantibodies
in the development of UIP or NSIP in RA.

(See figure on next page.)

Fig. 1 Evaluation of the RF or ACPA levels in patients with RA. Distribution of RF (A), RF IgA (B), ACPA IgG (C), ACPA IgA (D), ACPA SC (E), and
anti-CarP Ab (F) levels. The filled circle, filled triangle, filled square, filled diamond, and empty circle represent RA with UIP, RA with NSIP, RA with
airway disease, RA with emphysema, and RA without CLD, respectively. ACPA: anti-cyclic citrullinated peptide antibody, CLD: chronic lung disease,
CLD(—): without CLD Ig immunoglobulin, NSIP: nonspecific interstitial pneumonia, RA: rheumatoid arthritis, RF: rheumatoid factor, SC: secretory
component, UIP: usual interstitial pneumonia, CarP: carbamylated protein, Ab: antibody
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The data obtained from this study indicates that REF,
ACPA, and anti-CarP antibodies are not good biomarkers
for the diagnosis of ILD or CLD compared with the levels
of KL-6 or SP-D (Tables 1 and 2, Supplementary Fig. S1).
However, the association of RF IgA with UIP may elucidate
the pathogenesis of UIP in RA. Analogically, the association
of ACPA SC with NSIP in RA may explain the pathophysi-
ology of NSIP in RA. Autoantibody levels in RA with AD
were lower (Table 2), suggesting the heterogeneity of CLD
in RA. In contrast, the expression levels of RF and ACPA
were elevated in RA patients with emphysema; notably, the
percentages of males and ever smokers were higher in this
group of patients than in other groups. It is established that
smoking increases the expression of peptidylarginine deimi-
nase 2 and generates citrullinated autoantigens in the lung
[22, 23]. These data suggest that smoking affects the autoan-
tibody production and the development of RA; neverthe-
less, it was difficult to determine the roles of autoantibodies
in the development of emphysema in RA. The origin of
ACPA SC remains unknown and may be the lung, gastro-
intestinal tract, or oral cavity. In RA patients with emphy-
sema, the origin of these antibodies may be the lung. CarPs
were detected in the synovial tissues of RA patients and lung
tissues from smokers [24, 25]. Although anti-CarP antibod-
ies were not increased in RA with emphysema (Table 2),
they might react with homo-citrullinated peptides in lung
and causes inflammatory responses leading to ILD, but not
to emphysema. Some studies reported on the associations
of autoantibody productions and RA-ILD, namely anti-
citrullinated alpha-enolase peptide-1 antibodies [26, 27],
anti-citrullinated heat shock protein 90 antibodies [28], and
anti-malondialdehyde-acetaldehyde antibodies [29]. These
results suggested the involvement of several autoantibodies
on the pathogenesis of ILD in RA. Epitope spread against
citrullinated peptides may contribute to the development
of RA and RA-ILD [30, 31]; the citrullinated autoanti-
gens of ACPA SC in RA-ILD should be validated in future
investigations.

To the best of our knowledge, this is the first study to
report the different specificities of RF IgA for UIP and
ACPA SC for NSIP in patients with RA. The sample size
of the present study was small. Therefore, additional large-
scale studies on RF IgA for UIP and ACPA SC for NSIP
should be conducted to validate the present findings. Serum
autoantibodies with SC have also been detected in other
collagen vascular disease-associated ILD than RA. Serum
anti-proteinase 3 autoantibodies with SC were detected in
patients with anti-neutrophil cytoplasmic antibody-associ-
ated vasculitis [32]. Autoantibody profiles in patients with
other collagen vascular disease-associated ILD than RA or
idiopathic interstitial pneumonia were not analyzed in the
present study. Future investigations should analyse RF IgA,
ACPA SC, and anti-CarP antibodies in these patients.
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