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n	 INTRODUCTION

Rheumatoid arthritis (RA) is a systemic 
disease characterized by chronic ar-

ticular inflammation. The main clinical 
features of RA are joint swelling, tender-
ness and progressive destruction, culmi-
nating with loss of articular function, dis-
ability and premature mortality. Although 
in the majority of patients RA is limited 
to joint involvement, a consistent propor-
tion of subjects develops extra-articular 
manifestations (EAMs) during the course 
of the disease. EAMs can virtually affect 
any organs and tissues and severely worsen 
patients’ quality of life as well as disease 
prognosis and, in fact, they are associated 
with increased morbidity and mortality in 
RA patients. Among EAMs, the involve-
ment of the respiratory system, namely air-
ways, pleurae and pulmonary parenchyma, 
is rather common and represents the second 
cause of death in patients with RA after 
cardiovascular events. The reported preva-
lence widely varies among studies ranging 
from 4 to 50% (1). This is due, at least in 

part, to the heterogeneity of the clinical 
picture and misdiagnosis in patients with 
no or very mild symptoms.
In recent years, a growing number of stud-
ies has suggested that the initiation of the 
disease may occur in sites different from 
the joints, such as the bone marrow (2), 
the gastrointestinal apparatus or the lung. 
Among these, the latter may represent a 
key aspect in the pathogenesis of the dis-
ease. In particular, the hypothesis been put 
forward that the trigger event leading to 
disease development may occur in the lung 
rather than in the joints, as previously sug-
gested. Following this lead, we aim here to 
provide an overview on recent insights re-
garding RA-associated pulmonary involve-
ment and its possible relationship with dis-
ease pathogenesis.

n	 RHEUMATOID ARTHRITIS-
ASSOCIATED INTERSTITIAL 
LUNG DISEASE

The clinical spectrum of respiratory dis-
eases associated with RA is rather hetero-
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SUMMARY
The etiopathogenesis of rheumatoid arthritis (RA) is not yet fully elucidated and the site of inflammation onset is 
still a matter of debate. The presence of autoantibodies as well as clinical manifestations, such as interstitial lung 
disease, before the onset of arthritis seems to be in favour of the hypothesis that initial pathogenic events take place 
in tissues other than the joint. In this review article we summarize the most recent literature on extra-synovial 
autoimmunity triggers eventually leading to RA, with particular focus on the role of the lung. To date, anti-cyclic 
citrullinated peptide antibodies (ACPAs) are considered central players in RA pathogenesis and represent the 
gold-standard for disease diagnosis. Lungs and mucosae are exposed to environmental stimuli such as dusts and 
smoke which have been shown to foster citrullination of peptides in lungs thereby triggering the production of 
ACPA. In addition, other mechanisms of disease pathogenesis independent of citrullination play an important role.
Deeper knowledge of these processes could represent a huge step forward in the management of RA, with dra-
matic impact on diagnosis, prevention, prognostic stratification and treatment of the disease.
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geneous and includes several distinct con-
ditions affecting airways (bronchiectasis, 
bronchiolitis), pleurae (pleuritis, pleural 
effusion), blood vessels (pulmonary arte-
rial hypertension, pulmonary vasculitis), 
lung parenchyma [rheumatoid nodules, 
infections and interstitial lung disease 
(ILD)]. The overall prevalence of ILD in 
RA ranges from 7 to 50% and the most 
common radiological pattern, as proven 
by high resolution computed tomography 
(HRCT), is the usual interstitial pneumonia 
(UIP) (65%) (3-5). 
UIP is characterized by peripheral, sub-
pleural, basal, reticulation and honeycomb-
ing as well as traction bronchiectasis and 
architectural distortion. The second most 
frequent RA-ILD pattern is nonspecific in-
terstitial pneumonia (NSIP) (24%) which 
appears as bilateral, symmetrical, patchy, 
mainly basal ground-glass areas with little 
or no honeycombing on HRCT. Less fre-
quent patterns include organizing pneumo-
nia (OP) (5%), acute interstitial pneumo-
nia, desquamative interstitial pneumonia 
and lymphoid interstitial pneumonia (6-9).
Symptoms complained of by RA patients 
with ILD include various degrees of exer-
tional dyspnoea and coughing that require 
further investigation with pulmonary func-
tion tests (PFT), chest X-ray and eventually 
HRCT. However, the diagnosis of RA-ILD 
may often be incidental as 30-90% of pa-
tients with RA-ILD, according to different 
studies, may have no or very mild respi-
ratory symptoms (10, 11). The burden of 
clinically manifest ILD on RA prognosis 
is critical, with an overall median surviv-
al ranging between 2.6 and 8.1 years af-
ter diagnosis. The most important factors 
contributing to a worse prognosis are UIP 
pattern, with a poor prognosis similar to 
that of idiopathic pulmonary fibrosis (IPF), 
older age, male gender and lower diffusing 
capacity of the lung for carbon monoxide 
(DLCO) (12, 13). In patients with RA-ILD, 
DLCO is often reduced and may be used 
not only for diagnosis but also for moni-
toring disease evolution, together with 
PFT, six-minute walking test and, when 
required, HRCT.
Although RA-ILD is doubtless one of the 

most clinically relevant features of respira-
tory EAMs in RA, airway abnormalities, 
often totally asymptomatic, seem to be 
even more common. They become evident 
earlier in the history of the disease, mainly 
as bronchial dilatation that may evolve into 
wall thickening, acquiring the features of 
bronchiolitis with the progression of the 
disease (14).

n	 RISK FACTORS

Several genetic, demographic and envi-
ronmental factors have been associated 
with an increased risk of developing ILD 
in patients with RA. The human leukocyte 
antigen (HLA)-DRB1*04, containing a 
preserved sequence of amino acids in the 
hypervariable region, known as shared epi-
tope, is associated with an increased risk of 
developing RA (15). Surprisingly, this hap-
lotype appears to be protective against ILD 
[odds ratio (OR) =0.66]. This observation 
comes from a Japanese study that evalu-
ated 450 patients and therefore needs to be 
confirmed with larger cohorts of patients 
including also other ethnic groups (16). In 
addition, HLA-DQB1*04 appeared to be 
protective against ILD (OR=0.55), while 
HLA-DRB1*15 and 16 and DQB1*06 
were seemingly associated with an in-
creased risk for ILD (ORs=15.21, 1.75 and 
1.57 respectively) (16).
Demographic characteristics, such as male 
gender and older age at onset, have now 
been confirmed to be associated with ILD 
by several studies (9, 10, 13, 17).
As far as environmental factors are con-
cerned, tobacco smoking has also been as-
sociated with the risk of developing both 
RA and lung disease, the latter with an OR 
ranging from 1.91 to 3.8 (7, 9, 18). Tobacco 
exposure has also been suggested as one of 
the possible initiating factors of the disease. 
Furthermore, the risk of RA development 
due to smoking is increased in patients 
also exposed to silica dust (19). In this 
context, since silica dust enters the body 
through the respiratory system as happens 
with smoke, it may be speculated that silica 
acts synergistically with smoke in trigger-
ing crucial events of RA pathogenesis. Al-
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though interesting, this observation needs 
to be further confirmed by additional stud-
ies. A growing body of evidence also sup-
ports a role of the intestinal mucosal im-
mune system (such as Peyer’s patches and 
mucosa-associated lymphoid tissue) as an 
initiation site of autoimmunity, both with 
cell-mediated and humoral mechanisms. 
Commensal microbiome balance and its 
alterations (dysbiosis), in the context of a 
predisposing genetic environment, seems 
to have a critical function in triggering the 
autoimmune process (20).
Although their role is still matter of de-
bate, the potential noxious effect of dis-
ease-modifying anti-rheumatic drugs 
(DMARDs) on ILD, including RA-ILD, is 
worth mentioning. In a recent systematic 
literature review, Roubille et al. have tried 
to estimate the prevalence of this deleteri-
ous potential adverse event, which may be 
caused by both conventional and biotech-
nological DMARDs. However, the results 
are not conclusive. In most cases, in fact, 
it is almost impossible to establish whether 
the development of ILD represents an ad-
verse event linked to the drug or an EAM 
of the disease, since clinical, radiological 
and histopathological findings often over-
lap (21).
Regarding the serological status, several 
studies reported an association of RA-ILD 
and airway abnormalities with rheumatoid 
factor and anti-cyclic citrullinated peptides 
antibodies (ACPA) positivity (3, 5, 9, 17, 
22-24). Interestingly, this association re-
sulted independent of other predisposing 
factors such as male gender and older age, 
revealing that serological status may be 
the most important predictor of developing 
ILD in RA patients. In addition, the work 
by Giles et al. (3) was able to identify a cor-
relation between ILD severity and the num-
ber of ACPAs directed towards different 
citrullinated peptides, such as fibrinogen 
peptides, enolase, vimentin and histones. 
On the other hand, another study failed 
to confirm the association between ACPA 
positivity and RA-ILD (25), although it 
was performed on a very small number of 
patients. Moreover, a recent meta-analysis 
reported that RA-ILD is not significantly 

associated with ACPA in a specific ethnic 
group, namely a subset of Asian RA pa-
tients (23).
Since RF/ACPA positivity is associated 
with more severe articular disease, the fact 
that joint disease severity appears to be 
linked to RA-ILD is easy to explain (10, 
13).
In the last few years, additional possible 
risk factors for ILD have been identified in 
patients with RA and some of them may 
have a prominent pathogenic role. Among 
these, serum levels of matrix metallopro-
teinase (MMP)-7 and interferon (IFN)-γ-
induced chemokine CXCL10 seem to be 
fairly specific for RA-ILD (26). The IFN-
inducible protein 16 (IFI16) was found to 
be increased in sera of patients with RA 
compared to healthy controls and IFI16 
positivity was associated with the presence 
of ILD in RA patients independently of 
smoking and male gender (27). Moreover, 
newly identified citrullinated heat shock 
protein (Hsp) 90 may have an important 
role in the pathogenesis of RA-ILD, as an-
tibodies directed against this target seem to 
be very specific for lung disease in RA pa-
tients compared to IPF and mixed connec-
tive tissue disease (MCTD). In particular, 
anti-citrullinated-Hsp90 antibodies have 
a specificity of at least 96% for RA-ILD, 
since very few patients with RA but not 
ILD, IPF-ILD or MCTD-ILD display such 
autoantibodies in the serum (28). Interest-
ingly, the presence of these autoantibodies 
has also been demonstrated in RA bron-
choalveolar lavage (BAL) independently of 
serum concentration evaluated on matched 
samples. This observation may further sup-
port the hypothesis that the triggering of 
pathogenetic events of RA may occur in 
the lung (29).

n	 THE ROLE OF THE LUNG IN 
RHEUMATOID ARTHRITIS 
PATHOGENESIS

It is now well established that serum au-
toantibodies found in RA patients can be 
detected years before disease onset. During 
pre-clinical phases of the disease, the pat-
tern of serum autoantibodies progressively 
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changes. In particular, autoantibodies de-
velop cross-reactivity towards an increas-
ing number of epitopes (epitope spreading), 
increase their avidity and concentration 
and undergo isotype switch and glycosyl-
ation. Among these autoantibodies, ACPA, 
which are directed towards different citrul-
linated peptides and epitopes, are the most 
widely studied and those representing the 
diagnostic gold standard for RA. The dem-
onstration of such autoantibodies in the se-
rum of subjects without evidence of joint 
involvement, together with the evidence of 
airway abnormalities on HRCT scans of 
patients with circulating RA-related anti-
bodies in the absence of arthritis (30), led 
to the hypothesis that the immunological 
process, which eventually evolves to joint 
inflammation, occurs in other sites of the 
body (31). In addition, the observation 
that some RA patients develop ILD prior 
to joint inflammation further supported the 
hypothesis that the lung may represent the 
initiating site of autoimmunity (9).

n	 CITRULLINATION

Citrullination is a post-translational modi-
fication catalyzed by the calcium-depen-
dent enzyme peptidyl-arginine deaminase 
(PAD), which converts arginine residues 
into citrulline. This reaction produces epi-
genetic changes on peptides eventually 
leading to the regulation of gene transcrip-
tion and it normally occurs in physiologi-
cal processes including skin keratinization. 
However, an increased expression of PAD 
genes may lead to a larger proportion of 
citrullinated peptides in tissues, able to ini-
tiate autoimmune responses in genetically 
predisposed subjects. To date, five iso-
forms of PAD with differential tissue dis-
tribution have been identified. PAD 1 and 
3 are mainly expressed in the skin, PAD 2 
in the central nervous system and hemato-
poietic cells, PAD 4 and 6 in hematopoietic 
cells (32). Giles et al. (4) identified cross-
reactive serum antibodies against PAD 3 
and PAD 4 in RA patients and linked their 
presence to increased levels of citrullina-
tion. These antibodies appear to be able to 
increase the sensitivity of PAD 4 to calci-

um and consequently its catalytic capacity.
If RA is considered a disease caused by 
environmental factors acting on genetically 
predisposed individuals, it is reasonable to 
hypothesize that triggering events occur 
in tissues in contact with external agents, 
such as respiratory and digestive systems.
The results of a study published by Willis et 
al. (33) appear to support the hypothesis of 
the lung as a site of disease initiation. The 
authors enrolled two groups of subjects, 
the first including seronegative healthy 
controls considered at risk of developing 
RA (subjects with one 1st degree relative 
affected) and the second one including pa-
tients with seropositive RA. ACPA were 
detected in the sputum of subjects of the 
first group, but higher sputum levels of 
ACPA, compared to the serum, were ob-
served in samples taken from patients of 
the second group. 
As already mentioned, tobacco smoke 
has been associated with both RA and 
RA-ILD. Furthermore, it has been dem-
onstrated that tobacco smoke can enhance 
the expression of the PAD2 enzyme in 
bronchial mucosa and this may contribute 
to increasing the amount of citrullinated 
peptides present in the BAL (34). Smoking 
has been associated with an increased risk 
of developing ACPA-positive RA in sub-
jects with HLA-DRB1 SE genotype (35, 
36). Conversely, some authors speculated 
that chronic inflammation, such as occurs 
in chronic obstructive pulmonary disease, 
rather than smoking itself, may represent 
the basis of increased ACPA production 
in the lungs of smokers and, therefore, of 
RA development (37). This phenomenon 
may be due to the development of bron-
chus-associated lymphoid tissue (BALT) 
induced by chronic inflammation caused 
by cigarette smoking (38). Therefore, in-
duced BALT may represent an area where 
the autoimmune process originates. The 
hypothesis of chronic mucosal inflam-
mation as a potential trigger of RA auto-
immunity appears to be supported by the 
finding of increased prevalence of IgG and 
IgA anti-CCP, IgM and IgA RF antibodies, 
independently of smoking, sex and age, in 
patients with bronchiectasis and cystic fi-
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brosis, compared to healthy controls. Fur-
thermore, patients with bronchiectasis and 
double antibody positivity seem to have a 
higher rate of RA development compared 
to healthy controls (39, 40). Citrullinated 
peptides may subsequently be exposed to 
immune cells either as a consequence of 
apoptosis or following their release by ac-
tivated neutrophils within neutrophil extra-
cellular traps (NET) in a process known as 
NETosis. NETosis is normally initiated in 
response to microbial infection to activate 
immune cells and induce the elimination of 
pathogens, but, in this scenario, it may lead 
to the production of ACPA (31).
PAD enzyme is produced not only by hu-
man cells but also by bacteria such as Por-
phyromonas gingivalis, normally present 
in the oral cavity and intestinal tract of 
healthy individuals. This bacterium has 
been linked to the development of peri-
odontitis and is able to produce an active 
form of PAD which can induce peptide 
citrullination (41).
Taken as a whole, the currently available 
evidence strongly supports the hypothesis 
that the autoimmune process in RA may 
arise in the lung. Therefore, it is crucial to 

clarify how this process can spread to the 
joints and lead to chronic synovial inflam-
mation. Several mechanisms have been 
suggested to find the link between lung and 
joint inflammation (Figure 1), although 
they need to be fully elucidated:
1. molecular mimicry: it has been dem-

onstrated that lung and joints share 
common citrullinated proteins such as 
vimentin peptides. Therefore, it could 
be speculated that ACPA produced in 
extra-articular tissues can subsequently 
reach target tissues and trigger inflam-
mation (42).

2. Epitope spreading: one study reported 
that in the pre-clinical phase of RA 
there is a progressive differentiation of 
the ACPA pool towards an increasing 
number of citrullinated epitopes. There-
fore, ACPA arising in one tissue may be 
directed to citrullinated epitopes pres-
ent in other tissues (43).

3. T-cell migration to the joints: not only 
B-cells and plasma cells, but also T-
cells could have a role in this scenario, 
migrating from the site of autoimmu-
nity triggering (e.g. the lung) to periph-
eral tissues, including joints, and subse-

Figure 1 - Possible mechanisms suggested to explain the spreading of inflammation from lungs to joints in rheumatoid 
arthritis.
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quently triggering and orchestrating the 
inflammatory process.

4. Immune complex deposition: the pres-
ence of immune complexes in the joints 
of patients with RA and their pro-
inflammatory role is well established. 
Among these, ACPA immune complex-
es are able to induce TNF-α production 
by macrophages. It could therefore be 
speculated that such immune complex-
es could originate in the lung and subse-
quently reach synovial tissues through 
the blood stream, thereby triggering ar-
thritis (44).

n	 BEYOND CITRULLINATION

Despite the high specificity of ACPA for 
the diagnosis of RA and the association 
of serum ACPA-positivity with RA-ILD, a 
large proportion of patients with RA and 
RA-ILD do not display such antibodies in 
the serum. This finding is probably due to 
multiple causes. First of all, commercially 
available diagnostic kits for the detection 
of ACPA include a citrullinated cyclic pep-
tide (CCP) which is used to bind and detect 
ACPA directed towards a certain amount 
of epitopes. Nevertheless, a wider spec-
trum of ACPA can be detected using more 
advanced kits with higher sensitivity which 
will increasingly become available for di-
agnostic purposes. It should be therefore 
kept in mind that putative ACPA-negative 
RA patients may actually have such anti-
bodies in the serum that unfortunately can-
not yet be routinely detected.
Despite such observation, it cannot be ruled 
out that other non-citrullinated molecules 
may be involved in RA and ILD-RA patho-
genesis, consequently or independently of 
autoimmunity. Among these, new autoanti-
body systems have been discovered which 
appear to be involved in the pathogenesis 
of RA, such as anti-carbamylated protein 
(anti-CarP) antibodies. Carbamylation, 
like citrullination, is a post-translational 
modification in which lysine residues are 
converted to homocitrulline residues. Just 
as with ACPA, anti-CarP antibodies appear 
in the blood of RA patients several years 
before disease onset and, despite similari-

ties shared with ACPA, they represent two 
independent systems, as suggested by the 
findings of patients presenting exclusively 
anti-CarP antibodies and not ACPA (45). 
The same observation can be applied to 
anti-malondialdehyde-acetaldehyde (anti-
MAA) antibodies which have been detected 
in a significant percentage of ACPA-nega-
tive RA patients. MAA adducts, currently 
under investigation for their possible role 
in cardiovascular diseases, are the result of 
lipid peroxydation and have been shown to 
co-localize with citrullinated antigens in 
the synovia of patients with RA compared 
to those with osteoarthritis (OA) (45, 46).
Radiological and histopathological fea-
tures of lungs in ILD-RA clearly support 
an intense tissue remodeling, very likely 
due to local inflammation. Therefore, it 
should be intriguing to investigate the rela-
tionship between inflammation and tissue 
remodeling. In this setting, IL-4 is able to 
stimulate proliferation and differentiation 
of fibroblasts and epithelial cells contrib-
uting to tissue remodeling, but is also in-
volved in promoting the shift from Th1 
to Th2 immune response, with potential 
protective effects. A study reported that 
patients with RA-ILD display higher BAL 
levels of IL-4 compared to those without 
lung involvement. This observation is in-
teresting and may link IL-4 to tissue re-
modeling. However, since it comes from a 
pilot study, needs to be confirmed by other 
studies (47).
Tissue remodeling is a key feature of both 
IPF and RA-ILD and various authors have 
investigated its mechanisms. In this setting, 
Chen et al. (26) demonstrated that serum 
levels of MMP-7 correlate with the sever-
ity of RA-ILD in patients with either fully 
blown or subclinical disease. MMP-7 is 
also known to be involved in IPF, hence 
this may be a shared pathway in the patho-
genesis of both conditions. Similarly, other 
authors have recently identified a dysfunc-
tion of NK cells in both IPF and RA-NSIP, 
suggesting that this cell type may be a 
leading player in these two diseases (48). 
Taking these observations together, it may 
be speculated that the distinct pathologi-
cal processes causing IPF and the various 
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subtypes of RA-ILD may share pathogenic 
mechanisms culminating in a common 
final step leading to tissue remodeling. 
These pathways may therefore represent 
potential targets for the treatment of mul-
tiple diseases.
Nevertheless, the subtypes of RA-ILD 
can indeed be distinguished not only by 
their different clinical and radiologic fea-
tures, but also by their pathogenic aspects. 
Various molecules and proteins have been 
found to be differentially expressed in RA-
ILD subtypes. Lower BAL TNF-α con-
centrations have been described in patients 
with RA-UIP compared to other subtypes. 
Furthermore, an increased toll-like recep-
tor (TLR)-2 expression on monocytes 
from RA-OP, RA-UIP and RA-NSIP pa-
tients compared to healthy controls, and an 
overexpression of the pattern recognition 
triggering receptor expressed on myeloid 
cells (TREM)-1 on neutrophils and mono-
cytes of patients with RA-OP compared to 
healthy controls have been reported (49). 
An interesting area of future research could 
be an investigation of the role of telomeres 
and telomerase activity in cells implicated 
in RA-ILD pathogenesis. Their implication 
in IPF is well established (50) and very 
little is known about their role in RA and 
other autoimmune diseases. The results of 
the few studies available seem to show an 
actual impairment of telomeres biology. 
However, the results are conflicting and not 
strictly comparable due to differences in 
the study design and techniques employed 
(51, 52).
Clarification of similarities and differences 
in the pathogenic mechanisms underly-
ing different types of RA-ILD may allow 
the identification of surrogate disease bio-
markers to help clinicians in the early clas-
sification and stratification of patients with 
RA-ILD. The final goal may be to predict 
disease evolution and therefore establish 
tailored follow-up and treatment strategies.

n	 CONCLUSIONS

Considering our current knowledge re-
garding RA pathogenesis, it is reasonable 
to speculate that the lung represents one 

of the possible sites of autoimmunity ini-
tiation eventually leading to the develop-
ment of RA and RA-ILD. Unfortunately, 
however, the body of evidence does not al-
low us to draw definitive conclusions and 
several aspects need to be clarified. How-
ever, this line of investigation appears to be 
worth pursuing, as the proof that RA is a 
systemic disease from the beginning, even 
in the absence of evident extra-articular in-
volvement, would help clinicians to tailor 
and optimize preventive, diagnostic and 
therapeutic strategies.
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