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Abstract While the primary manifestation of rheumatoid ar-
thritis (RA) is articular disease, extra-articular disease may
also occur. In particular, pulmonary disease is a frequent
extra-articular manifestation of seropositive RA and a leading
cause of morbidity and mortality in this population. This re-
view will highlight studies published in the last several years
and will, in particular, discuss the relationship of antibodies to
citrullinated protein/peptide antigens (ACPA) and lung dis-
ease in patients with RA. We will also review the data regard-
ing the potential role of the lung and generation of RA-related
autoantibodies in a period of disease development termed
“preclinical RA.” Finally, we will discuss the role of ACPA
and other Abs in non-RA pulmonary diseases and discuss a
research agenda for next steps in the understanding and man-
agement of the lung in RA.

Keywords Rheumatoid arthritis - Lung - Anti-citrullinated
protein antibodies - Rheumatoid factor

Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease
that affects approximately 0.5 to 1 % of the population glob-
ally. The disease is characterized in the majority of patients by
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elevations of circulating RA-related autoantibodies namely
rheumatoid factor (RF) and antibodies to citrullinated
protein/peptide antigens (ACPA) that can be characterized
by the commercially available antibodies to cyclic
citrullinated antigen (anti-CCP) assays [1]. If one or both of
these autoantibodies are present, a patient is deemed to have
“seropositive” RA, although a subset of patients (~20 %) do
not have detectable RF or ACPA [2, 3].

While the primary manifestation of RA is articular disease,
extra-articular disease may also occur. In particular, pulmonary
disease is a frequent extra-articular manifestation of seropositive
RA and a leading cause of morbidity and mortality in this pop-
ulation [4, 5]. This review will highlight studies published in the
last several years and will, in particular, discuss the relationship
of ACPA and lung disease in patients with RA that is classifiable
by existing criteria such as the 1987 and 2010 criteria [6, 7] or
determined to be RA by treating clinicians. This disease status
will be referred to herein as “established RA.” We will also
review the data regarding the potential role of the lung and gen-
eration of RA-related autoantibodies in a period of disease devel-
opment termed “preclinical RA”; while the specific nomencla-
ture for this phase of RA is in development [8], we define it
herein as the presence of circulating RA-related autoantibodies
in absence of clinically apparent synovitis. Finally, we will dis-
cuss the role of ACPA and other Abs in non-RA pulmonary
diseases. Of note, we will discuss the roles of both RF and
ACPA; however, because less controversy surrounds the role of
RF in RA-related lung disease, an association first described in
the 1970s, we will primarily focus on ACPA [9].

Lung Involvement in Established RA

Among patients with established RA, the prevalence of lung
involvement varies by type of lung disease, diagnostic method
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used to ascertain lung disease, and individual factors, includ-
ing smoking history and RA disease duration [9]. Some stud-
ies suggest that up to 80 % of subjects with RA may have
some form of lung disease; however, in the majority of those
subjects, the disease may not be clinically identified [10].

RA-related pulmonary complications are diverse (Table 1)
and can involve the airways in disease processes such as
cricoarytenoid disease and bronchiolitis. In addition, there is
parenchymal disease that can be collectively termed “intersti-
tial lung disease” (ILD) and manifested by alveolar processes
such as organizing pneumonia (OP), non-specific interstitial
pneumonitis (NSIP), and usual interstitial pneumonia (UIP),
all of which can have varying degrees of fibrosis.
Furthermore, lung nodules may be present, as well as
pleural-pericardial disease and pulmonary vascular disease in-
cluding venous thromboembolism [5, 9, 11].

Of these diseases, perhaps, the most feared in RA are those
classified as ILD and, in particular, the UIP form of ILD that is
associated with significant fibrosis and poor prognosis with
current therapies [12, 13]. Interestingly, however, a recent

Table 1 Types of lung involvement in rheumatoid arthritis

Airway disease
Airway dryness (oral, tracheal) due to Sjogren’s syndrome
Cricoarytenoid arthritis
Emphysematous type (unclear yet role of smoking)
Bronchiolitis/obliterative bronchiolitis
Bronchiectasis
Parenchymal disease
Non-specific interstitial pneumonia
Usual interstitial pneumonia
Acute interstitial pneumonia/diffuse alveolar damage
Organizing pneumonia
Nodules (including rheumatoid nodules and Caplan’s syndrome)
Vascular disease
Rheumatoid vasculitis
Pulmonary hypertension
Thromboembolic disease
Pleural disease
Pleuritis/pleural thickening
Pleuropericardial effusion
Bronchopleural fistula
Pneumothorax
Trapped lung (may be related to pleuritis/effusions)
Other
Medication/drug toxicity
Infection
Malignancy (including pulmonary lymphoma)

Osteoporosis-related (e.g., spinal compression fracture resulting in
reduced lung function)

Smoking-related lung disease
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publication by Sparks and colleagues noted in a study based
on database review that obstructive lung disease was a leading
cause of death in RA [14]. Since this was a study based on
diagnostic codes, the specific underlying lung pathology was
not known; however, this finding along with findings from
older work raises the issue that non-ILD-related obstructive
lung disease in RA may also be an important comorbidity
[14e, 15-, 16].

Of note, there is some controversy as to what the term
“ILD” encompasses in RA-related lung disease; however,
for this review, we will use that term to refer to parenchymal
disease including OP, NSIP, and UIP; when possible, diseases
such as airway disease and pleural disease will be discussed
separately.

Risk Factors for Lung Disease in Established RA:
Focus on ACPA

Numerous risk factors for lung disease in RA have been iden-
tified including smoking, exposure to environmental factors
such as occupational dust, male gender, duration of RA, dis-
ease activity in RA, seropositivity for RF, infections, and med-
ication toxicity (e.g., methotrexate) [17-20°]. However, over
the past several years, several studies have found particular
associations between circulating ACPA and increased RA dis-
ease activity and joint erosions, as well as extra-articular in-
volvement and, in particular, various forms of lung disease [3,
17, 21-23¢].

ACPA and Airways Disease in RA

Airways disease (AD) in RA patients has also been linked to
RA-related autoantibodies [22¢, 24, 25]. A study by Mori and
colleagues evaluated high-resolution computed tomography
(CT) scans of 356 Japanese RA patients with AD, ILD, or
no lung condition. These authors found a strong association
of high elevations RF titers (RF >100 IU/ml, RR 3.0, p=0.02)
and anti-CCP2 (anti-CCP2 >90 U/ml, RR 3.8, p=0.005) with
AD, which included patterns of bronchiectasis (BR), bronchi-
olitis or both. However, while the anti-CCP2 level seemed to
discriminate type of lung involvement, the rate of anti-CCP2
positivity was high in the overall cohort and did not differ
significantly among the three groups (88.4 % no lung disease
vs. 90 % in AD vs. 100 % in ILD) [22°].

Another study examined a unique cohort of arthritis pa-
tients with coexisting BR, a well-recognized association with
RA [25, 26]. They described higher rates of seropositivity for
anti-CCP2 (89 vs. 46 %) and RF (79 vs. 52 %) as well as
increased very high values for RF (defined by >130 U/ml)
and anti-CCP2 (defined by >340 U/ml) in RA-BR subjects
compared to RA patients without BR. As previously described
[27], smoking prevalence was low in their RA-BR subjects,
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which supports a potentially different trigger for ACPA gen-
eration in this subset of RA patients, such as infection [25].
Interestingly, an association with RA-related autoantibodies
has also been described in idiopathic BR and cystic fibrosis
(CF) subjects in the absence of inflammatory arthritis (IA) [28,
29]. The fact that BR symptoms precede joint disease in the
majority of RA-BR patients strengthens the hypothesis of air-
way inflammation in RA development [30], especially among
never smokers [26, 27]. This will be discussed more in the
“The Lung in Preclinical RA.” section

ACPA and ILD in RA

RA-ILD, most commonly UIP and NSIP, has been linked to
RA-related autoantibodies in multiple studies. ACPA may be
pathogenic in the development of lung disease and influence
the extent of radiographic damage and abnormalities on
pulmonary function testing (PFT) [18e, 20¢]. A 2014 case-
control study by Kelly and colleagues found higher rates of
ACPA positivity (94 vs. 55 %, p=0.006) and median ACPA
titers (median 180 vs. 78, p=0.02) in RA-ILD subjects com-
pared to RA controls, an association which persisted after
adjusting for smoking [17].

While male gender has classically been associated with
RA-ILD [19e, 31], a recent study highlighted a similar link
between ACPA and ILD in an all-female RA cohort, finding
that 100 % of RA-ILD subjects were ACPA positive com-
pared to 64 % of RA controls (p<0.01). Additionally, this
study showed that anti-CCP2 titers correlated with severity
of ground glass score (p=0.02) and fibrosis (p<0.01) after
adjustment for age and DAS-28. Anti-CCP2 levels also cor-
related with respiratory symptoms, 6-min walk test, and
forced vital capacity [18].

In contrast, a retrospective study in 2008 analyzed 18
subjects with RA and ILD or follicular bronchiolitis and
36 RA subjects with no lung disease and found no signif-
icant difference in the frequency or level of anti-CCP2
between the two RA groups or between the ILD and bron-
chiolitis subgroups [23¢]. This negative finding may have
resulted from a small sample size or higher rates of sero-
positivity (88.9 %) in the RA-only group than typically
reported in the literature, which may have masked any
true difference in anti-CCP2 between subjects with and
without lung disease. Additionally, only RA-ILD subjects
with biopsy-proven lung disease were included in this
study, and it is unclear what evaluation that the control
group underwent to exclude subclinical lung disease,
which may be present in asymptomatic RA patients [32].

There have been other studies that did not identify an as-
sociation between ACPA and RA-ILD [22e, 33], leading to
controversy regarding the association of ACPA and RA-ILD.
In further exploration of this issue, Zhu and colleagues performed
a meta-analysis to analyze the association of ACPA positivity

and RA lung disease [34]. They reviewed eight case-control
studies from 2008 to 2013 and included 243 RA patients with
lung disease and 1442 RA controls. The authors reported a
significant association between ACPA positivity and in-
creased risk of RA lung disease (pooled OR 2.62, p<0.01),
an association that was more pronounced in Caucasians (OR
3.45) and the subgroup with RA-ILD or idiopathic pulmonary
fibrosis (IPF) (OR 4.68); however, similar findings were not
observed among Asians. While limited by heterogeneity and
quality of studies, owing to choice of RA controls, unaccoun-
ted for confounding factors or small sample size, this meta-
analysis validated a link between ACPA positivity and lung
involvement in established RA.

Using ACPA to Predict RA-Related Lung Disease

Recently, research has focused on the interplay of ACPA and
other clinical markers to predict lung involvement in RA
[19¢]. Restrepo and colleagues divided a cohort of 779 RA
patients, of which 8.8 % had clinically diagnosed ILD, into
development and validation groups in order to derive a clinical
index that could identify RA patients at risk for RA-ILD. A
stepwise logistic regression model assigned weighted points
to significant variables, including male gender, rising erythro-
cyte sedimentation rate (ESR), presence of rales, and anti-
CCP categorized by increasing strata. A score of 5 or higher
(out of a maximum of 10), which provided modest sensitivity
(43-75 %) and good specificity (88—89 %), would require
patients to undergo additional testing [19¢].

In further support of ACPA testing to identify RA-related
lung disease, using a bead-based multiplex array, Giles and
colleagues similarly found higher levels of specific ACPAs in
patients diagnosed with RA-ILD based on CT imaging com-
pared to RA controls. Moreover, the severity of lung disease
by imaging and PFTs correlated with an expanded ACPA
repertoire, defined by the authors as seven or greater high-
level ACPAs [20¢].

Certainly, better accuracy is needed before a risk assess-
ment tool is widely adopted by clinicians, but the above find-
ings support the importance of including assessment of ACPA
levels in assessment for RA-ILD. Of particular interest is that
in both the Restrepo and Giles studies, the association of anti-
CCP titers and RA-ILD followed a dose-response pattern,
which, in the Restrepo study, was less apparent for RF and
ESR [19+]. Together with the observations that epitope spread-
ing also occurs prior to the onset of joint inflammation [35],
these studies support a mechanistic role of ACPA not only in
the articular manifestations of RA but also in the development
of lung disease [19+, 20¢]. The possible direct pathogenic
mechanisms behind these findings are explored in more detail
in the next section.
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Potential Mechanisms of Development
of RA-Related Lung Disease

The pathophysiology of RA-related lung disease is poorly
understood, but it likely mirrors the current paradigm of un-
derstanding of development of ACPA-positive articular RA
that involves gene-environment interactions, protein
citrullination, impaired tolerance, and eventually the develop-
ment of circulating ACPA as well as other autoantibody/
immune systems (e.g., RF) [36].

Following this, one study found that RA-ILD was associ-
ated with smoking only in the presence of HLA-DRBI1 shared
epitope (SE) [19¢], an interaction that has similarly been ob-
served for smoking, SE status, and anti-CCP for susceptibility
to RA [37]. Accordingly, exposure to cigarette smoke in a SE-
positive individual increases risk for RA but may also predis-
pose to RA-ILD by means of increased local expression of
factors that may drive local antigen production, such as in-
creased citrullination mediated by increased enzymatic activ-
ity by PAD2 and PAD4 [24, 38]. Supporting this, Giles and
colleagues showed a strong association with circulating anti-
PAD3/4 cross-reactive Abs and RA-ILD by CT scan, particu-
larly among smokers [39]. This newly discovered cross-
reactive anti-PAD3 Ab appears to stimulate PAD4 activity
by increasing its sensitivity to extra-cellular calcium and
allowing unregulated citrullination of self-proteins, which in
turn could disrupt the normal interaction of extracellular ma-
trix with lymphocytes and fibroblasts in the joints or lungs
[40, 41].

Increased citrullination of lung proteins, however, is not
exclusive to ACPA-positive smokers and has been observed
in non-smokers [42]. This implies that other inhaled factors
such as silica, coal dust or air pollution, or microbial factors
may interact with genes to generate ACPA or other RA-related
immune factors [43, 44]. In particular, irritants are known to
activate innate immune cells through pattern recognition mol-
ecules and alter the lung microbiome [43], which may activate
a pro-inflammatory cascade and lead to the tissue damage
observed in ILD and IPF [45, 46].

Furthermore, ectopic lymphoid tissue in subjects with RA-
related lung disease supports a hypothesis of local immune
dysregulation [47—49]. In particular, Rangel-Moreno and col-
leagues examined lung biopsies of patients with established
RA as well as primary Sjogren’s syndrome (pSS), IPF, and
hypersensitivity pneumonitis who had chronic lung disease
and found larger and more organized lymphoid areas in the
pSS and RA subjects. Interestingly, ectopic lymphoid tissue
correlated with local RA-related Ab production, defined as
adjacent plasma cells that stained specifically for RF or bound
citrullinated proteins [49]. A 2015 study by Reynisdottir and
colleagues also found significantly more lymphoid aggregates
and germinal centers (GCs) in bronchial tissue from early,
untreated RA subjects without lung disease compared to

@ Springer

ACPA-negative RA subjects and healthy controls. The lung
GCs also had features suggestive of local ACPA production,
including plasma cells, mature B cells, and reactivity with
citrullinated but not native enolase peptide [50]. Supporting
this, in our own work that has been published in abstract form,
we examined lung tissue from 10 subjects with RA-ILD and
65 non-RA subjects with ILD or emphysema and found a
strong association of lung GCs with anti-CCP3.1 positivity
(OR 4.1, 95 % CI 1.2, 14.4, p=0.03), independent of age
and RA status [51].

In aggregate, these studies suggest that lung GCs may ini-
tiate or perpetuate the immune response, leading to RA and/or
RA-related lung disease in susceptible individuals. The possi-
bility of this process occurring in the lung during preclinical
RA will be discussed further.

Novel Biomarkers for RA-Related Lung Disease

While ACPA appears to be predictive of RA-ILD, pulmonary
disease remains an underrecognized complication of RA, and
newer pathways of evaluation including biomarkers are need-
ed to detect lung involvement. Exploring this, Harlow and
colleagues used an approach called “reverse
immunophenotyping,” which employs mass spectrometric se-
quencing of protein immunoprecipitants; two new
citrullinated targets, Hsp90o and Hsp90f3, have been identi-
fied in RA-ILD [52]. When compared to sera from patients
with RA without ILD, mixed connective tissue disease
(MCTD), and IPF, reactivity by ELISA to citrullinated
Hsp90 antigens was highly specific (>95 %) for RA-ILD.
Moreover, these novel Abs were detected in bronchoalveolar
lavage fluid in two of five patients with available samples, and
their presence was not always consistent with serum findings.
This observation points to local autoantibody production in
the lungs, which has also been reported by Willis and col-
leagues for ACPA in the sputum of at-risk and early RA sub-
jects [53]. While longitudinal studies are needed to confirm
the significance of anti-citrullinated Hsp90 antibodies in RA-
ILD in terms of both identifying disease and understanding
the pathophysiology of disease development, it is plausible
that citrullination of this ubiquitous protein may disrupt its
function in protein folding, innate immune signaling, and tis-
sue remodeling, triggering RA-ILD in a susceptible host [52].

The Lung in Preclinical RA

It is well known that RA-related Abs, including ACPA, RF,
anti-PAD, and the newly described anti-carbamylated protein
(anti-CarP) antibodies, circulate approximately 3 to 5 years
prior to the appearance of clinically apparent IA that charac-
terizes articular RA [54-57]. This period of autoimmunity in
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absence of and preceding arthritis has been termed preclinical
RA, and its presence strongly supports that autoimmunity in
RA starts at an extra-articular location. In addition, when
coupled with emerging data that IgA-related autoimmunity
(and, in particular, ACPA responses) may be a dominant fea-
ture in early RA development [58], these findings suggest that
the initiation of RA-related autoimmunity occurs at a mucosal
site [59].

While there are multiple mucosal sites that may be
where RA initiates (e.g., oral mucosa, gut), to date, the
lung has arguably been the most studied in preclinical
RA. This focus on the lung has been based on a combi-
nation of factors including known risk factors for RA that
primarily involve the lung (e.g., smoking) as well as a
long knowledge that, in some cases, lung disease in RA
precedes the appearance of articular disease [36, 60, 61].
In addition, the known immunologic mechanisms within
the lung (e.g., iBALT) as discussed previously have been
shown to be a site of generation of RA-related autoimmu-
nity in established RA [49], making the lungs a prime site
to investigate as a site of initiation of RA-related autoim-
munity in the preclinical period of RA development.

In particular, inflammatory changes in the airways have
been identified in early RA and subjects who are at risk for
future RA based on serum elevations of RA-related autoanti-
bodies in absence of synovitis [30, 62]. Specifically,
Demoruelle and colleagues identified airway abnormalities
suggestive of inflammation on high-resolution CT more often
in seropositive at-risk subjects (76 %) compared to seronega-
tive controls (33 %, p=0.005) [30]. Furthermore, two of the
seropositive at-risk subjects with lung abnormalities devel-
oped IA 13 months following the study, a finding that has also
been described in case series of patients with ILD who, at
presentation, were seropositive for RA-related autoantibodies
without TA [30, 60, 63]. Specifically, Fischer and colleagues
have identified a number of patients who presented with clin-
ically apparent lung disease and were additionally serum
ACPA positive in absence of 1A [63]. In these subjects, AD
was the predominant finding and characterized by obstructive
PFT findings, airway inflammation on imaging, and
lymphoplasmacytic infiltrates around the airways on histology
[63]; in addition, several subjects developed classifiable artic-
ular RA during follow-up. Furthermore, while not a study of
preclinical RA per se, Wischler and colleagues evaluated pa-
tients with newly diagnosed RA (median of 7 months) and
found that AD was the predominant lung finding and corre-
lated with ACPA positivity [62].

Sputum Studies Demonstrating Lung Generation
of RA-Related Autoantibodies

While the presence of AD in preclinical and early established
RA as described previously suggests that this particular site in

the lung may be involved in RA development, identifying the
airways as a site of generation of RA-related autoimmunity
would serve to further support the role of the lung in RA
development. Exploring this and following on their work
identifying airway inflammation in subjects at risk for future
RA, Demoruelle and colleagues [53] found elevated RA-
related autoantibodies in the sputum of at-risk and early RA
subjects (<12-month duration) compared to healthy controls.
Specifically, 39 % of at-risk seronegative subjects had at least
one sputum RA-related autoantibody present, followed by
65 % of at-risk seropositive subjects and 86 % of early RA
subjects. This study also used ratio comparisons (Ab to total Ig
levels) in sputum and serum samples to provide quantitative
evidence for local generation of Abs in the lung. For all mea-
sured Abs, at-risk subjects had higher ratios of Abs to total Ig
in sputum compared to serum, supporting a hypothesis of
local Ab production rather than translocation from serum. Of
note, these authors also pointed out that the IgA isotype, the
chief mucosal antibody isotype, is important in RA pathogen-
esis, as there was a higher frequency of anti-CCP3.1 (IgG/
IgA) reactivity in the sputum compared to other assays that
measured only IgG reactivity within the seronegative at-risk
group [53].

Further supporting a role for mucosal generation of
RA-related autoimmunity, previously, IgA-ACPA in the
serum has been shown to be highly specific for preclinical
and early RA, as well as linked to smoking [58, 64].
Additionally, circulating IgA anti-CCP and IgA RF
isotypes were significantly associated with mucosal in-
flammation among non-RA subjects with CF and indicat-
ed worse pulmonary function and more frequent disease
exacerbations [29].

Mechanisms by Which RA-Related Autoimmunity
May Begin at a Mucosal Surface and Then Initiate
Articular Disease

As discussed previously, if RA-related autoimmunity initially
develops locally in the lung, then in order to develop clinically
apparent articular RA, the autoimmunity must ultimately
reach the joint [65]. There are several mechanisms by which
this process may occur, including cells or autoantibodies
targeting antigens that are shared between sites, development
of new joint-specific autoimmune responses due to epitope
spreading, and circulating immune complexes driving articu-
lar disease. Furthermore, given that it has been shown in
established articular RA that RA-related autoantibodies are
generated within the joints [66], it is important to understand
the process by which the generation of those autoanti-
bodies in the joint is triggered after autoimmunity initially
was generated at another site.
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Table 2 Future directions in research rheumatoid arthritis (RA)-
related lung disease

Development of nomenclature for types of lung involvement allowing
for homogenization of findings across studies

Establishing clear methodologies to identify lung disease in RA

These include symptom assessments, physiologic assessments (e.g.,
pulmonary function testing), and imaging that can be utilized by
rheumatologists, pulmonologists, and others involved in RA.

Natural history studies of the evolution of lung disease evolution in RA

Identification of the progression of RA-related lung disease may uncover key
aspects of the pathophysiology of disease.

Identification of genetic, environmental, and other risk factors for
RA-related lung disease employing established and emerging
technologies and approaches

These include cellular analyses, microbiome evaluations, and proteomic and
metabolomic approaches.

Clinical trials for treatment of lung disease in RA

Investigating this, albeit in established early RA and
not preclinical RA, Ytterberg and colleagues used mass
spectrometry to prove that shared citrullinated peptides
existed between bronchial tissue from early, untreated
RA subjects (n=6; 67 % anti-CCP2 positive) and synovial
tissue from long-standing RA subjects (n=7; 71 %
anti-CCP2 positive). In particular, five similar
citrullinated targets were identified between the two tis-
sues, most frequently two citrullinated-vimentin (cit-vim)
peptides: cit-vim 446-466 and cit-vim 440-445.
Additionally, serum Ab formation against cit-vim 435-455
was measured in 14 % of RA subjects (p<0.05 com-
pared to healthy controls), and Ab to cit-vim peptide was
associated with anti-CCP2 and SE alleles, but not
smoking among RA subjects [65]. While this study sup-
ports a direct link between lung and synovium targets in
RA, it is likely that other mucosal sites, such as the gin-

giva or gut, are also involved in the generation of RA-
related autoimmunity and such research efforts are ongo-
ing [29, 59, 67].

Autoantibodies in Patients with Lung Disease
in Absence of Articular RA

As described previously, individuals who have been identified
with lung disease and ACPA positivity in the absence of 1A
may represent a preclinical RA state [60, 63]. Alternatively,
this subgroup may be a distinct autoimmune phenotype,
where lung disease is either the only or major feature of a
connective tissue disease (CTD), and otherwise, definitive
criteria for a CTD are not met [68].

Until recently, there was lack of consensus over ter-
minology to identify this heterogeneous group of pa-
tients; however, an international task force has put for-
ward the term “interstitial pneumonia with autoimmune
features” (IPAF) to characterize this subgroup, along
with validated criteria from three domains: (1) a clinical
domain with extra-thoracic features; (2) a morphological
domain based on imaging, PFTs, or histopathology; and
(3) a serologic domain of Abs, including high titer RF
(>2x upper limit of normal) and anti-CCP [68, 69].

In the case of IPAF, ACPA elevations may signify a
localized immune response that will never progress
to clinically-apparent tissue injury outside the lung,
although the possibility exists that autoimmune responses
are generated at an unknown clinically silent location
outside of the lung, yet targeting the lung for disease.

More study is needed to confirm if the presence of
ACPA in IPAF patients may indicate a better prognosis
than idiopathic conditions and alter treatment choices
[69]. Nevertheless, subjects with IPAF should be follow-
ed longitudinally for the development of synovitis, as a

a Lung

Genetic and environmental factors
combine to trigger RA-related
autoimmunity at a mucosal site such »
as the lung, and in particular in the
airways.

b Systemic autoimmunity
Development of systemic
autoimmunity. This period can
be termed “Preclinical RA”
when identified prior to the
development of clinically-
apparent articular RA.

C Articular inflammation

» Development of synovitis and
classifiable articular RA.

. 2 . 2

d Evolving autoi

ity and clinically apparent lung disease

Evolution of autoimmune responses in lung or elsewhere (e.g. joints) leads
to additional targeting of the lung and development of clinically-apparent

The type of lung disease (e.g. airways, parenchymal) may depends on
specific immune responses that interplay with genetic, environmental and

lung disease.

other factors.

Fig. 1 Model of the potential role of the lung in RA-related
autoimmunity. In this model, rheumatoid arthritis (RA)-related
autoimmunity may be initially generated in the lung and be primarily
related to airway inflammation. Over time, this autoimmunity systemic
(B) eventually targets the joints (C), leading to the characteristic articular
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disease of RA. In addition, evolving autoimmunity in the lung, joints, or
elsewhere may lead to progression of lung disease and, perhaps, the
development of specific types of lung disease (e.g., parenchymal or
airways)
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high-titer anti-CCP may signal the onset of impending
RA [60, 63].

Autoantibodies and the Lung in Other Autoimmune
Diseases

Relationships between autoantibodies and lung diseases in
other autoimmune diseases have been well described and fur-
ther support that the lung has a pathophysiologic relationship
with autoimmunity. In particular, anti-histidyl transfer RNA
synthetase (anti-Jo1) autoantibody is well described in a sub-
set of patients with idiopathic inflammatory myositis (IIM)
especially with the anti-synthetase syndrome that is defined
by ILD in the setting of Raynaud’s phenomenon, mechanic’s
hands, non-erosive arthritis, and constitutional symptoms
[70]. Levine and colleagues found that autoimmunity in anti-
Jol myositis may start in the lung after confirming that Jol
antigen expression is upregulated and altered in the lung [71].
Moreover, the majority of subjects with anti-Jol myositis de-
velop ILD, supporting a pathogenic role of this Ab in
myositis-related lung disease [70]. Furthermore, several stud-
ies suggest a strong relationship between anti-Sjogren's
Syndrome related antigen A (anti-SSA) and lung disease in-
cluding a retrospective study by Ferreira and colleagues, who
examined 162 CTD patients, excluding systemic sclerosis,
and found a higher frequency of ILD in the anti-SSA autoan-
tibody-positive group compared to autoantibody-negative
patients (71.4 vs. 16.7 %, p=0.018), although the relationship
between anti-SSA and RA-related lung disease was not exam-
ined [72]. In addition, Yazisiz and colleagues reported a higher
frequency of autoantibodies including anti-Ro, La, ANA, and
RF in the subset of pSS patients with lung disease [73].

Conclusions and Future Directions

Lung disease is a frequent complication of established RA
and, based on the most up-to-date literature, appears to be
intimately associated with ACPA positivity. In addition, there
is an emerging understanding that lung-related processes, and
in particular airway inflammation, may play an important role
in the initiation of RA-related autoimmunity even prior to the
development of TA. Of particular interest to the field is that if
the earliest processes that drive the development of RA are
understood, it could lead to novel treatment approach for lung
disease in established RA or preventive approaches to lung
disease or ultimately even the prevention of articular disease.

However, in order to reach these goals of improved treat-
ments or disease prevention, several aspects of lung disease
need further attention (Table 2). In particular, we need clear
and homogenous nomenclature to define types of lung disease
that may be present in RA. For example, clearly defining what

is meant by AD and parenchymal fibrosis will be important in
homogenizing research findings. Furthermore, understanding
the natural history of lung disease in RA is important to un-
derstanding the pathophysiology of disease. For example, giv-
en AD appears to be common in early established RA, as
described in Fig. 1, does lung involvement somehow evolve
from isolated AD to parenchymal disease over the course of
RA, and could the pathophysiologic processes related to dis-
ease at each of these sites be different?

In addition, the role of the lung in the generation of auto-
immunity, and in particular ACPA generation and relationship
to genetic and environmental factors, needs further study. For
example, the complex interplay of genetic, environmental
(e.g., smoking, microbiome) factors at a mucosal surface
needs exploration. In addition, it is not clear if the earliest
breaks in tolerance in early RA at mucosal surfaces are solely
ACPA related. A study by Quirk and colleagues found that
patients with BR in absence of RA demonstrated autoantibody
responses to non-citrullinated antigens, while in RA,
citrullinated responses were dominant [74]. This could indi-
cate that the earliest mucosal-related autoimmune responses
are to non-citrullinated antigens, and identifying these re-
sponses could provide critical insights into the earliest breaks
in tolerance in RA. Moreover, processes in the lung are un-
likely to explain RA development in every individual, so other
candidate mucosal sites (e.g., periodontium) should be evalu-
ated for the development of RA. Furthermore, studies of SLE,
pSS, IIM and even diseases associated with anti-neutrophil
cytoplasmic antibodies should help to broaden the under-
standing of a potential role of the lung and other mucosal sites
in the generation of autoimmunity. In addition, findings from
other types of lung disease may shed light on pathophysiolog-
ic processes of lung disease in RA, as well as potential treat-
ments. For example, approaches that have identified associa-
tions of specific genetic factors such as MUC5b polymor-
phisms with IPF may be relevant in RA [75], and the pharma-
cologic agents now approved for the treatment of IPF may
warrant exploration in RA-related lung disease [76].

Finally, while much work in RA has thus far focused on
autoantibody response and using antigens (and, in particular,
citrullinated antigens), widespread use of advanced laboratory
techniques including identification of broader antigen reactiv-
ity, the relationship between ACPA and other autoantibodies
(e.g., RF), and improving techniques to study cellular process-
es such as specific T and B cell reactivity to antigens are
needed to identify new processes and biomarkers that are su-
perior or complementary to ACPA in order to better predict,
diagnose, and guide treatment of RA lung involvement.
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