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Short Communication 
Rheumatoid arthritis (RA) is a chronic progressive autoimmune 

multi-systemic inflammatory disease of unknown cause that 
mainly characterized by symmetric poly arthritis. It often results in 
articular cartilage and bone destruction which ultimately leads to 
functional disabilities in the long-term. Generally, in the beginning, 
the small joints of the hands and the feet are affected, later spreading 
to the larger joints of the body [1]. Rheumatoid arthritis affects 
about 1% of the population in developed countries. The incidence 
and prevalence of rheumatoid arthritis in developing countries 
are presumed to be lower, even though it is difficult to quantify 
exactly. The prevalence and incidence increase with age between 
25-55years being higher in females than males and peaks at about 
the age of 70 then declines. RA is not only a disease of joints but also 
leads to a variety of extra-articular systems involvement including 
Cardiac, Pulmonary, Renal, Hematological, Ocular, Endocrine, 
Integumentary, Skeletal and Gastrointestinal tract [1,2]. 

The extra-articular disease occurs in approximately 50% of 
patients, with the lung being a common site of extra-articular 
involvement and a huge contributor to morbidity and mortality 
in a patient suffering from RA. The lung is a frequent target of  

 
autoimmune-mediated injury in patients with rheumatic diseases 
[3]. The most remarkable aspect of RA lung involvement is that 
virtually all components of the lung structure are potential targets 
of injury and affect all of the structures of the lungs, including the 
pleura and vasculature in particular airways and parenchyma of the 
lungs [4,5]. Most lung diseases during RA occur during the first 5 
years after RA diagnosis with the airway disease being the earliest 
manifestation [6]. Most forms EAMs of RA including RA-associated 
ILD and the subclinical myocarditis of RA present more insidiously 
with a longer subclinical period. Prevalence estimates for EAMs 
vary across studies due to the type of RA population sampled, but 
20-40% of patients with RA were reported to have least one EAM 
and 10-20% were reported to have a severe EAM [7]. 

Types of Rheumatoid Associated Lung Diseases 
Rheumatoid lung diseases are a set of lung ailments developed 

in rheumatoid arthritis patients. Pulmonary manifestations of 
rheumatoid arthritis can be categorized as: 

a) Pulmonary parenchymal disease.

b) Pleural involvement.

ARTICLE INFO ABSTRACT

Background: Rheumatoid arthritis is a chronic progressive autoimmune multi-
systemic inflammatory disease that is mainly characterized by severe pain, swelling, 
and symmetric polyarthritis. Although the joint disease is the main presentation of 
rheumatoid arthritis, extra-articular diseases occur in approximately 50% of rheumatoid 
arthritis patients, with the lung being a common site of involvement and a chief 
contributor to morbidity and 2nd leading cause of mortality in them. All components 
of the lung structure are potential targets of injury including the pleura, vasculature, 
airways, and parenchyma. Interaction of genes and environmental factors are highly 
incriminated in self-protein citrullination and production of autoantibodies against 
citrullinated peptides distributed throughout the body including lungs. Even though, 
not always clinically recognized up to 50% of Rheumatoid arthritis patients exhibit 
pulmonary involvement.
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c) Airways and pulmonary vasculature

When evaluating a patient with a pulmonary disease of 
unknown etiology physicians are expected to assess for systemic 
and articular signs and symptoms of connective tissue disease 
as pulmonary manifestations sometimes precede articular 
manifestations [2]. 

Parenchymal Rheumatoid Lung Diseases 

Interstitial lung diseases (ILDs) are a group of diffuse 
parenchymal lung disorders that affect the interstitium (the tissue 
and space around the alveoli). They are classified according to 
specific clinical, radiological, and histopathological features. A 
revised 2013 ATS/European Respiratory Society classification of 
idiopathic interstitial pneumonia categorizes them as listed below 
[8,9]. (Table 1) Pulmonary involvement in RA is frequent even 
though, not always clinically recognized. RA-associated ILD has the 
largest impact on RA morbidity and mortality across the diverse 
RA population. About 50% of RA patients exhibit pulmonary 
involvement however it fluctuates sometimes depending on 
the screening method used, Autopsy studies reported pleural 
involvement in 50% of cases, with only 10% clinically detected 
[10,11]. RA-ILD three times more common in males than in females, 
in contrast to most connective tissue diseases, in patients with 
late-onset disease, a high titer of RF, and smokers. Even though no 
identifiable cause for RA-ILD researchers have been used genetic, 
clinical and environmental factors to predict the development of 
lung disease in RA [12].

Table 1.

Histologic patterns Clinical-radiological-pathologic 
diagnosis

Usual Interstitial pneumonia 
(UIP)

(Idiopathic) pulmonary fibrosis/
(cryptogenic) fibrosing alveolitis 

(IPF/CFA)

Nonspecific interstitial 
pneumonia (NSIP)

Nonspecific interstitial pneumonia 
(NSIP)

Organizing pneumonia (OP)
Organizing pneumonia (preferred 

definition) = Bronchiolitis obliterans 
organizing pneumonia (OP = BOOP)

Diffuse alveolar damage (DAD) Acute interstitial pneumonia (AIP)

Respiratory bronchiolitis (RB) Respiratory bronchiolitis interstitial 
lung disease (RB-ILD)

Desquamative interstitial 
pneumonia (DIP)

Desquamative interstitial pneumonia 
(DIP)

Lymphoid interstitial 
pneumonia (LIP)

Lymphoid interstitial pneumonia 
(LIP)

Pathophysiology of Rheumatoid Interstitial Lung 
Disease 

Though, Mechanisms of RA in causing airway and parenchymal 
lung disease development are not well defined. several factors like 
host genetic predisposition, smoking, infection and premature 
senescence of cells are all putatively important in the development 
of rheumatoid lung diseases and RA [13,14]. 

Factors that Contribute to RA-ILD 

Conversion of a positively charged arginine to polar nonstandard 
neutral amino acid citrulline as the result of post-translational 
modification by peptidyl arginine deiminase isoenzymes result in 
protein citrullination. Genetic predisposition and environmental 
factors interactions are highly incriminated in self-protein 
citrullination resulting in the synthesis of autoantibodies against 
citrullinated peptides which are widely distributed throughout the 
body. Exposure to noxious agents, infectious agents, gut microbiome, 
and dietary factors may induce the self -protein citrullination and 
maturation of anti-cyclic citrullinated peptide autoantibody (ACPA) 
[15,16]. 

Genetic Predisposition 

HLA variants have a higher binding affinity to citrullinated 
proteins and an increasing tendency to present citrullinated 
peptides to immune cells. HLA-B54, HLA-DQB1*0601, HLA-B40, 
and HLA-DR4 has been associated with RA-ILD. The citrullination 
process may initially take place in mucosal sites [17]. RA-associated 
autoimmunity results in downstream autoantibody production 
and activation of T cell towards self-peptides causes breakdown 
of tolerance to autoantigens [18]. Autoantigens like citrullinated 
collagen and fibrinogen formed after arginine deamination. 
Synthesized autoantigens are preferentially bound by HLA-DRB 
SE proteins and are presented to T cells. Then they interact with 
CCP-specific B cells found at sites containing autoantigen and 
ultimately produce inflammatory cytokines and autoantibodies 
which is critical for disease progression [15]. Serum autoantibodies 
produced against multiple citrullinated proteins and peptides 
including fibrinogen, vimentin, heat shock protein 90, matrix 
metalloproteinase 7 and interferon-gamma inducible protein have 
been associated with RA-ILD [19]. 

Shared epitope (HLADRB1 alleles) presence indicates the 
expression of certain amino acids in positions 70 to 74 of the third 
hypervariable region of the DRB chains which increase capacity to 
bind to citrullinated peptides. The structural/electrostatic changes 
induced by PAD within these proteins render them immunogenic 
in a subset of patients who have a genetic predisposition and 
possess shared epitope [6]. HLA-DR2 alleles (HLA-DRB1*15 and 
HLADRB1*16) were associated with an increased risk of ILD from 
a cohort study conducted in Japanese people. Predisposition to 
bronchiectasis or emphysema in RA was associated with HLA-
DQB1*03:01, and HLADQB1*03:02. Whereas the HLA-DRB1 shared 
epitope was associated with a reduced risk of ILD [20]. Specialized 
sentinel cells called dendritic cells bridge the innate and adaptive 
immune systems without directly engaging in effector activities. 
They recognize pathogens using pattern recognition receptors like 
Toll-like receptors (TLRs), and then they migrate to T cell areas of 
lymphoid organs to present pathogen-derived antigens to antigen-
specific T cells. Activated DCs upregulate co-stimulatory molecules 
and produce cytokines that drive T cell priming and effector 
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differentiation, and they activate various types of immune cells 
[21].

Airways and Epithelial Cell Injury 

Airway and alveolar epithelial cell injury are probably the 
most incriminated underlying cause in the pathogenesis of lung 
disease in rheumatoid arthritis and an important early event that 
precedes the development of autoimmunity in the lung. Airway 
and alveolar epithelial cells are involved in body defense to inhaled 
substances and pathogens, which are potential primary triggers of 
mucosal injury. Healing and the restoration of the lung anatomy 
are occurred following injury normally to maintain homeostasis. 
However, in individuals with a certain genetic predisposition, with 
altered mucosal microbial flora or who smoke, persistent antigenic 
stimulation can lead to a breach of tolerance, resulting in an 
adaptive immune response [14].

Cigarette Smoking 

Cigarette smokers are reported to have increased expression of 
PAD2 in both proximal and distal airways. Increased concentrations 
of citrullinated peptides in BAL cells, relative to a matched cohort 
of healthy nonsmokers was noticed. So, the dis regulation of PAD 
enzymes seems an important molecular checkpoint that links 
environmental stressors, host genes and the development of ACPA 
against self-antigens [22]. Airway and interstitial lung involvement 
are also seen in zero-negative patients with RA [23]. 

Gastro Esophageal Reflux Disease 

Gastro esophageal reflux disease might potentially provide 
another mechanism by which previously swallowed saliva 
containing bacteria. Gingivitis could be regurgitated and aspirated 
into the lungs, thereby causing airway mucosal injury and 
introducing the pathogen into the lower airway. In turn, these 
changes might promote an increase in protein citrullination and 
ACPA formation as the bacteria produce PAD enzymes [22]. 

Infections and Dysbiosis 

The presence of chronic airway disease and dysbiosis could 
either be a primary inducer of ACPA generation and inflammation. 
Different studies have shown increased ACPA concentrations and 
a reduction in physiological markers is immensely correlated. 
Patients with RA who have high concentrations of ACPAs are more 
likely to develop ILD.ACPAs can cause injury to the lung mucosa, 
airways, and interstitium through several potential mechanisms. 
They can form immune complexes and activate cells by binding 
to Fc receptors, resulting in the release of pro-inflammatory like 
TNF and cytokines such as IL-6, IL-8 [2,24,25]. Increased risk 
of infections is shown in RA patients compared with the general 
population, even after adjustment for age, sex, smoking status, 
leukopenia, corticosteroid use, and diabetes mellitus [26]. A cellular 
inflammatory process initiates a secondary fibro proliferative 
process. This fibro proliferative process may become progressive 

and independent of its initiating cause result in lung fibrosis. Injury 
to the epithelial surface initially causes inflammation in the air 
spaces and alveolar walls. As the inflammation spreads to adjacent 
portions of the interstitium and vasculature and disease become 
chronic eventually leads to interstitial fibrosis. The development of 
irreversible scarring leads to significant derangement of ventilator 
function and gas exchange [27]. A form of reactive lymphoid tissue 
known as inducible bronchus-associated lymphoid tissue (IBALT) 
has been found in patients with RA-ILD and is associated with 
local production of several inflammatory cytokines and anti-CCP 
antibodies [28]. When present in high titers Both rheumatoid factor 
and anti-CCP have been linked to the development of ILD, Even 
though the mechanism is so elusive [29,30]. 

In some patients, citrullinated peptides may also be produced 
in the lungs, possibly causing an immune response. Activated 
fibroblasts in the lungs are differentiated into myofibroblasts 
ultimately produce fibrosis. Interstitial lung inflammation 
development explains the formation of a predominantly 
inflammatory disease pattern such as non-specific interstitial 
pneumonia [31]. Fc receptors expressed on antigen-presenting 
cells complexed with Antibodies against citrullinated peptides 
which ultimately leads to the production of pro inflammatory 
cytokines. Production of both Cytokines and chemokines play 
a crucial role in the development of RA-ILD. TNF-alpha is mainly 
produced by activated macrophages, lymphocytes, epithelial, and 
endothelial cells plays a central role in the stimulation of cell-cell 
adhesion, trans endothelial migration and the maintenance of 
cytokines and chemokines production cascade [32]. TNF-alpha also 
stimulates fibroblasts proliferation and triggering the expression 
of growth factors such as platelet-derived growth factor-(PDGF-) 
and transforming growth factor-beta (TGF-beta), cytokines such as 
interleukin- 4 (IL-4) and interleukin-13 (IL-13), and chemokines 
(e.g., CXCL5, CXCL8, CXCL12, and CXCL13) that further contribute 
to stimulating fibroblast differentiation and proliferation, thus 
potentially linking inflammatory and fibrotic process [33,34]. 

PDGF-alpha is produced by a wide array of lung cells, including 
macrophages, fibroblasts, epithelial and endothelial cells. play 
a primary role in the pathogenesis of IPF, figuring among pro 
fibrotic and pro inflammatory molecules known to be critical in the 
pathogenesis of ILD, such as TGF-beta and TNF-alpha [35]. TGF-
beta also induces fibroblasts’ differentiation into myofibroblasts, 
which represent the main source of extracellular matrix in lung 
fibro genetic processes. Chemokines are secreted by macrophages, 
fibroblasts, and epithelial cells and act through fibroblast 
recruitment and activation. CXCL13 is a B-cells chemo attractant 
known to regulate lymphoid follicles organization within a tissue 
[36]. Matrix metalloproteinases originated from damaged epithelia 
perpetuate crosstalk between inflammatory and fibrotic processes 
by the enhancement of cellular recruitment (B and T cells, 
macrophages, and neutrophils) and by the production of additional 
pro-fibrotic mediators. vascular endothelial cell growth factor 
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and by the pro inflammatory milieu induce Angiogenesis which 
also strictly connected with different phases of the pathological 
processes of inflammation and fibrosis [37].

 ACPA targeting citrullinated HSP90 is produced in the lung 
microenvironment, supporting a role for the lung in initiating 
relevant immune responses or spreading the ACPA repertoire 
[38]. Several treatment modalities for RA may induce infections, 
including corticosteroids, disease-modifying anti-rheumatic drugs 
(DMARDS), Tumor necrosis factor (TNF) antagonist, and new 
biotherapies. Opportunistic infections may also appear. Some are 
associated with lung injury others are associated with activation 
of latent TB. The incidence of pulmonary toxicity in patients 
treated with methotrexate (MTX)with doses less than 20mg per 

week is minimal. Recent studies have reported that methotrexate 
pneumonitis occurs with a dose of 5mg per week [39,40]. Aging 
alveolar epithelial cells gain the ability to secrete substances that 
promote the formation of tissue fibrosis in patients with a genetic 
susceptibility to RA. This process may explain the formation of a 
predominantly fibrotic disease pattern such as usual interstitial 
pneumonia [41]. Aberrant alveolar epithelial cells subjected to 
mechanical stress gain the ability to secrete a variety of substances, 
including growth factors, chemokines, matrix metalloproteinases, 
pro-coagulants, and vasoactive mediators which in turn promote 
the transition of fibroblasts to myofibroblasts, ultimately favoring 
the dysregulated deposition of extracellular matrix (ECM) 
components and associated to tissue fibrosis [27] (Figure 1).

Figure 1: Schematic presentation of the proposed mechanism of rheumatoid lung diseases[14].

Potential Pathways Explain the Co-existence of RA and 
ILD 

Citrullination One of enzymatic post-translational modification 
of protein is immensely linked to the development of joint damage, 
Appearance immune response to citrullinated proteins in RA and 
presence of citrullinated protein in the lungs of RA-ILD and IPF 
subjects paved the way to propose potential mechanisms that 
explain the co-existence of RA and ILD [16,42]. 

a) The immune response against citrullinated peptides 
taking place at the joints subsequently shifts to the lungs, 
resulting in interstitial lung inflammation most likely a non-UIP 
pattern of RA-ILD 

b) Individuals with UIP and genetic susceptibility to RA 
mount an immune response against citrullinated peptides in 
the lung, initiating an inflammatory process that secondarily 
affects the joints. 
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Regardless of whether the immune response begins in the 
joints or the lungs, poorly defined molecular mechanisms are 
likely involved in shifting the immune response from one tissue 
compartment to the other. Plausible explanations for the shared 
targeting of lung and joints in RA include the formation and deposit 
of immune complexes as RF contributing to their deposition by 

its capacity to bind the Fc portion of IgG [43]. The presence of 
structural overlap between initiating antigens and subsequent 
post-translationally modified targets such as citrullinated vimentin 
present in both lung and synovial tissue in patients with RA [30], 
and the immunologic process of epitope spreading leads to a 
widening of the immune response spectrum [44] (Figure 2).

Figure 2: Pathogenesis of RA-ILD[37].

Airway Involvement in Rheumatoid Arthritis 
Rheumatoid arthritis is also characterized by involvement 

of any part of the airway including the large airways (upper and 
lower) and distal small airways. The most common manifestations 
are bronchiectasis, bronchiolitis, airway hyper reactivity, and 
cricoarytenoid arthritis. Prevalence of airways disease in RA is 
high; it occurs in 39% to 60% of patients [45]. 

Upper Airway Disease 

The cricoarytenoid joints are small diarthrodial joints that 
rotate with the vocal cords as they abduct and adduct to vary the 
pitch and tone of the voice. Though not disabling, the cricoarytenoid 
joints may become inflamed and immobilized with the vocal cords 
adducted to the midline, causing inspiratory stridor and upper 
airway obstruction [46]. Laryngeal obstruction is usually related to 
arthritis of the cricoarytenoid joints, less commonly a rheumatoid 
nodule may develop on the vocal cords [47]. An erosive mass on 

the cricoid cartilage causing acute upper airways obstruction with 
significant destruction of the surrounding structures was also 
described [48].

Lower Airway Disease 

Follicular bronchiolitis and constrictive bronchiolitis are the 
two small airways disease have been described in association 
with RA. Follicular bronchiolitis is identified pathologically by the 
presence of hyperplastic lymphoid follicles with reactive germ 
cell centers within bronchiole walls. Constrictive bronchiolitis 
(obliterative bronchiolitis) is characterized by concentric 
narrowing of membranous and respiratory bronchioles caused 
by peribronchiolar inflammation and fibrosis without evidence 
of lymphoid hyperplasia [49]. Several studies have proposed that 
bronchi/bronchioles are one of the main targets of autoimmunity 
in RA patients. Bronchiolar inflammation may secondarily induce 
mucosal edema, which eventually leads to the development of small 
airway obstruction. This Chronic colonization, secondary persistent 
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inflammation, and progressive lung injury may contribute to the 
frequent development of airway obstruction during the disease 
course [45]. Bronchiectasis may result from recurrent infections, 
retraction in interstitial lung diseases (traction bronchiectasis) 
or progression of lymphocytic/constrictive bronchiolitis in RA 
patients. 
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