Open Access Rheumatology: Research and Reviews

Dove

REVIEW

Current Perspectives On Emerging Biomarkers
For Rheumatoid Arthritis-Associated Interstitial

Lung Disease

Isabelle Amigues
Deepa Ramadurai?
Jeffrey | Swigris®

'Division of Rheumatology, National
Jewish Health, Denver, CO, USA;
2Department of Medicine, University of
Colorado Anschutz Medical Campus,
Aurora, CO, USA; 3Division of
Pulmonary, Critical Care and Sleep
Medicine, Interstitial Lung Disease
Program, National Jewish Health, Denver,
CO, USA

Correspondence: Jeffrey ] Swigris
National Jewish Health, 1400 Jackson
Street, Denver, CO 80206, USA
Email swigrisj@njc.org

This article was published in the following Dove Press journal:
Open Access Rheumatology: Research and Reviews

Abstract: Rheumatoid arthritis (RA) is a common systemic autoimmune disease whose
fibro-inflammatory manifestations may affect a number of tissues and organs, including the
lungs. In fact, interstitial lung disease (ILD) is a leading cause of mortality among patients
with RA. RA-related interstitial lung disease (RA-ILD) most often presents in an injury
pattern called usual interstitial pneumonia (UIP), which portends a relatively worse prognosis
than other less commonly occurring patterns of RA-ILD, like non-specific interstitial pneu-
monia (NSIP). Biomarkers from serum or bronchoalveolar lavage fluid could aid in the
identification of patients at risk for RA-ILD, the detection of patients most likely to develop
the UIP pattern of RA-ILD, and the prediction of disease behaviour over time. Notably, the
use of highly sensitive serologic biomarkers, including rheumatoid factor (RF) and antibo-
dies targeting cyclic citrullinated peptides, while somewhat specific for RA joint disease,
have only limited utility as biomarkers for RA-ILD. Candidate biomarkers for RA-ILD
include these and other autoantibodies as well as certain genes and molecules that hold
promise as biomarkers in other forms of ILD. In this manuscript, we summarize the state of
knowledge on biomarkers for the development and progression of RA-ILD.
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Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disease that afflicts approxi-
mately 1% of the US population.' Although RA principally affects the joints,
causing symmetric pain, stiffness, swelling, and limited motion and function of
multiple joints, its fibro-inflammatory manifestations may develop in other organs.
RA is complicated by lung manifestations, such as interstitial lung disease (ILD), in
up to 60% of patients with RA;>* however, clinically significant RA-related ILD
(RA-ILD) is believed to occur in about 10%.* The factors that drive the develop-
ment or progression of clinically significant ILD in patients with RA are poorly
understood. While overall survival in RA has improved dramatically in the last 20
years, in part due to earlier diagnosis and in part from more effective therapies for
inflammatory arthritis, the respiratory manifestations, and particularly ILD, have
become the leading cause of mortality in patients with RA.’

Major subtypes of RA-ILD are defined by their histopathological and/or high-
resolution computed tomography (HRCT) patterns. Usual interstitial pneumonia
(UIP) (characterized on high-resolution computed tomography (HRCT) by
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predominantly basal, subpleural, and patchy honeycomb-
ing, reticular opacities, and traction bronchiectasis without
nodularity, consolidation or extensive ground glass opaci-
ties) is the most common subtype,® and it carries a poor
prognosis (Figure 1).” Nonspecific interstitial pneumonia
(NSIP), cryptogenic organizing pneumonia (COP), and
acute interstitial pneumonia (AIP) are other subtypes of
RA-ILD that are seen with far less frequency than UIP.

Although there is much to learn about the pathophy-
siology of RA-ILD, it is commonly thought that the sys-
temic autoimmune process activates the lung’s molecular
pathways, including certain cytokines, chemokines, and
growth factors that drive aberrant wound healing mechan-
isms, including differentiation and proliferation of fibro-
blasts, increased synthesis and deposition of extracellular
matrix (ECM) and increased activity of matrix metallopro-
teinases (MMP), that ultimately result in ILD.® Fibroblasts
appear to play a somewhat similar role in the pathogenesis
of synovitis. Whether and how autoantibodies that target
citrullinated proteins are directly involved in the pathogen-
esis of RA or RA-ILD is not entirely clear, but interest-
ingly, in one study, investigators showed that citrullinated
vimentin peptides were present in tissue samples from the
lungs of certain patients with RA and synovial biopsies
from other patients with RA.’

Figure | This image shows a slice from a high-resolution computed tomography
scan from a 68 year-old man with rheumatoid arthritis-related interstitial lung
disease in a pattern of usual interstitial pneumonia. The predominant abnormality
is honeycombing marked by side-by-side and stacked honeycomb cysts. The entire
visualized portion of the left lung base (right side of image) is destroyed with
honeycombing, whereas, the visualized portion of the right lung shows honeycomb-
ing situated in its characteristic subplueral region. Other findings include traction
bronchi- and bronchiolectasis and reticular opacities.

Early diagnosis of RA-ILD is important so that treat-
ment and necessary surveillance can be initiated. No con-
trolled trials of therapy for RA-ILD have been completed,
however, analyses suggest certain drugs may be safe and
effective for patients with RA-ILD. For example, in a retro-
spective study of 700 patients with RA, rituximab was well-
tolerated and associated with stabilization or improvement
of pulmonary function tests in the 56-subject subgroup with
RA-ILD.'® Anti-fibrotic drugs that have been approved for
the treatment of idiopathic pulmonary fibrosis (IPF) — a
condition with many features that overlap with RA-ILD;
namely, the UIP pattern of fibrosis — may hold promise for
patients with RA-ILD,"" and at the time of writing, there is a
multi-national, placebo-controlled trial of pirfenidone
enrolling subjects with RA-ILD (NCT02808871).

The World Health Organization (WHO), in coordination
with the United Nations and the International Labor
Organization, has defined a biomarker as “any substance,
structure, or process that can be measured in the body or its
products and influence or predict the incidence of outcome or
disease”. Thus, the first step in biomarker identification and
analysis is to confirm that a candidate biomarker is associated
with the clinical condition of interest. The second, and pos-
sibly most important step, is to confirm the robustness of the
association and determine what clinically meaningful infor-
mation it provides that is otherwise not readily available.
Ultimately, a biomarker should influence the health outcome
for the patient in a meaningful way.

Finding valid biomarkers for RA-ILD could help iden-
tify patients at risk, promote earlier diagnosis, predict the
subtype of RA-ILD most likely to develop, forecast dis-
ease behaviour over time and guide appropriate surveil-
lance and therapeutic strategies. A number of candidate
biomarkers have already been identified (Table 1), and
research is ongoing to assess their performance and to
identify additional candidates. In this manuscript, we sum-
marize the state of knowledge on biomarkers for RA-ILD.

Biomarkers For RA-ILD
Commercially Available Serological

Biomarkers

Although the European League Against Rheumatism
(EULAR)/American College of Rheumatology (ACR)
2010 criteria for RA were specifically developed to “facil-
itate the study of persons at earlier stages of the disease”,
they are typically used to establish a clinical diagnosis of
RA.'? These criteria include the presence of at least one
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Table 1 Summary Of Biomarkers In RA-ILD, Known And Experimental

Name Source Evidence Utility Within
RA-ILD
RF Serum, sputum, Low specificity, higher titers associated with pulmonary involvement of RA Diagnosis
BALF
ACPA Serum, sputum, High specificity for RA diagnosis, higher titers associated with pulmonary involvement | Diagnosis
BALF of RA
PAD Synovial tissue Possible amplification of disease severity Severity
HSP90/70 Serum and BALF | Elevated in patients with RA-ILD, not patients with RA Diagnosis
MMP7 Serum Elevated in patients with RA-ILD and not in patients who had RA without ILD; Diagnosis
suggestive of fibrotic ILD
CXCLIO Serum Elevated in patients with RA-ILD and not in patients who had RA without ILD Diagnosis
KL-6/MUCI Serum Correlation with severity of RA-ILD on computed tomography Severity
LOXL2 Serum Higher with shorter disease duration; does not differentiate between RA patients with | Specificity for
and without ILD diagnosis
Anti-CEP-1 Serum Marker of RA-ILD in patients with synovial disease Diagnosis
MUCS5B Genetic Marker suggesting RA-ILD, specifically in those who have RA and UIP pattern on Diagnosis
sequencing HRCT

Abbreviations: RF, rheumatoid factor; ACPA, anti-citrullinated peptide antibodies; PAD, peptidylarginine deiminases; HSP90/70, citrullinated heat shock protein 90/70;
MMP7, matrix metalloproteinase-7; CXCL10, C-X-C motif chemokine 10; KL-6/MUCI, Krebs von den Lungen 6; LOXL2, lysyl oxidase-like 2; anti-CEP-1, anti-citrullinated
alpha enolase peptide-1; MUC5B, mucin 5B; BALF, bronchoalveolar lavage fluid; RA, rheumatoid arthritis; ILD, interstitial lung disease; UIP, usual interstitial pneumonia;

HRCT, high-resolution computed tomography.

swollen joint (synovitis), the absence of an alternative
diagnosis to explain the symptoms, and a total score of
>6 from four different domains; joints involved, serologic
abnormality, elevated acute phase reactants, and symptom
duration.'> The EULAR/ACR 2010 criteria for RA include
two serologic biomarkers: rheumatoid factor (RF) and
anti-citrullinated peptide antibodies (ACPA).

In patients with RA, a diagnosis of RA-ILD can usually
be made by taking a thorough history (to rule out other causes
for ILD) and integrating clinical data, most importantly,
findings on HRCT and pulmonary function tests (PFTs),
ideally within a multidisciplinary discussion among pulmo-
nology, radiology, and rheumatology.'* > It is well-known
that patients with RA have a preclinical period of autoimmu-
nity during which RA-related autoantibodies, including RF
and/or ACPA, are present in the blood before clinically
evident synovitis.'? Confusion arises in the not infrequent
situation when patients present with ILD, are found to have
serologic markers for RA — but no articular disease. Some
such patients will eventually develop characteristic RA joint
disease, occasionally several years after ILD is diagnosed; in
retrospect, they had preclinical RA, although an argument
could be made that they had RA all along, and ILD was

initially its sole manifestation. Other patients with ILD and
RF or ACPA positivity never develop joint disease, and thus,
are never diagnosed with RA.'®'” Multiple studies have
demonstrated higher tiers of RF and ACPA in patients who
had RA-ILD versus those without ILD, suggesting these
antibodies could have some utility as biomarkers and may

contribute to the pathophysiology of the associated ILD.'*2°

Rheumatoid Factor

The rheumatoid factor (RF) is an antibody directed at the Fc
domain of IgG molecules and was one of the first serologic
biomarkers discovered for RA. It has low specificity for RA: it
occurs in other autoimmune diseases, chronic infections such
as hepatitis C, and in 15% of the general population, particu-
larly in ever-smokers.?! Nevertheless, seropositivity for RF is a
risk factor for the development of RA-ILD,* and elevated
levels of RF in the serum, sputum, and bronchoalveolar lavage
fluid (BALF) appear to be modestly associated with RA-
LD 2325

ACPA (Anti-Citrullinated Protein Antibodies)
Precisely how RA develops is unknown. Protein citrullina-
tion, a form of post-translational modification, appears to
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be a cornerstone in the pathogenic process leading to RA,
and it is tightly linked with autoimmunity in RA. Several
autoantibodies that target cyclic citrullinated peptides
(CCP) have been described in RA, including autoantibo-
dies to citrullinated vimentin, fibrinogen, type II collagen,
histone and enolases. Although there is much to learn
about the pathogenic roles of ACPA, their presence in
BALF and sputum? suggests that the lungs may be an
antigenic source for ACPA production. Compared with
RF, ACPA are more commonly present in the preclinical
or early stages of RA.

There is growing evidence that ACPA contribute
directly to the pathogenesis of joint disease in RA through
direct targeting of synovial antigens.’**> ACPA may be
pathogenic in the lungs as well. Among 252 patients with
RA, high ACPA levels were associated with a 1.5-fold
increase in the odds of lung disease as defined by
HRCT.?® Seropositivity for ACPA, particularly among
ever-smokers, is associated with subclinical evidence of
ILD in community-dwelling adults.?”” Whether such
patients should be regarded as having RA (with no joint
involvement — and ILD as the sole manifestation) or sim-
ply considered at risk for RA, or whether, in these patients,
ACPA are generated as a non-specific response to lung
injury, is entirely unclear. Related autoantibodies, namely
anti-citrullinated alpha enolase peptide-1 (anti-CEP-1)
antibodies are present in 40% of patients with RA and
may be a marker of erosive joint disease and RA-ILD.*®

Commercially available ACPA assays have undergone
several modifications over the past decade. These have
included changes to the antigens and the ability to detect
IgA ACPA (historically, assays only identified IgG antibo-
dies). Compared to IgA-ACPA, IgG-ACPA positivity is
more strongly associated with RA joint disease.” But,
commercially available tests for ACPA do not distinguish
whether IgA, IgG or both are detected. In recently com-
pleted but as yet unpublished work, our group found that
serum ACPA positivity, particularly for IgA-ACPA, is pre-
sent in up to 30% of patients with idiopathic pulmonary
fibrosis (IPF). IPF is one of the most common forms of ILD;
by definition, patients with IPF do not have RA (any other
systemic autoimmune disease, or any known cause for
pulmonary fibrosis), but it is interesting that like the major-
ity of patients with RA-ILD, UIP is the injury pattern in IPF.

There is much to unravel about ACPA, like whether the
IgA isoform of ACPA is specific for lung disease, or
whether the development of joint inflammation character-
istic of RA (according to EULAR/ACR criteria) in a patient

with pre-existing ILD requires transition from IgA- to IgG-
ACPA. Among all-comers from the general population
without synovitis on physical exam, serum ACPA positivity
is predictive of developing classifiable RA in the future.*%'
Our unpublished data suggest 10% of patients with IPF and
ACPA positivity develop RA joint disease within three
years of the identification of positive serology. In summary,
it appears RF and ACPA are sensitive for RA and RA-ILD.
However, neither is specific, so although many data are
intriguing, neither possesses the performance characteris-
tics of an excellent biomarker for RA-ILD.

New Serological Biomarkers

Other serologic biomarkers have been studied in patients
with RA-ILD, but at present, none have large-scale, robust
data to prove their utility in clinical practice. Given the
similarities between IPF and RA-ILD, including them shar-
ing the same injury pattern and risk factor (smoking), ivesti-
gators have begun to examine whether molecultes that hold
promise as biomarkers in IPF might also be useful in RA-
ILD. What follows is a discussion about some of the most
promising candidates.

Markers Of Diagnostic Utility

HSP90/70

Harlow and colleagues reported the association between
RA-ILD and serum autoantibodies that target citrullinated
heat shock protein 90 alpha (Hsp90a) or beta (Hsp90p).
These antibodies were 90% specific for RA-ILD, and were
not found in patients with IPF or in healthy controls.*?
HSPI0 has also been found in BALF of patients with RA-
ILD.

MMP7, IP-10/CXCLI0

Chen and colleagues found that serum levels of matrix
metalloproteinase (MMP)-7 and C-X-C motif chemokine
10 (CXCL10) were elevated in patients with RA-ILD and
not in patients who had RA without ILD.?* Doyle and co-
investigators evaluated a biomarker signature composed of
MMP-7, pulmonary and activation-regulation chemokine,
and surfactant protein D (SP-D) that improved detection of
subclinical and clinically overt RA-ILD.**

LOXL2

Fu and colleages found that compared to healthy controls,
lysyl oxidase-like 2 (LOXL2) levels were higher in subjects
with RA (whether they had ILD or not).*> There was no
difference in LOXL2 levels between subjects with RA-ILD
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and those with RA but no ILD. Among subjects with RA-
ILD, LOXL2 levels were significantly higher in those with
ILD for less than three months compared to those with ILD
longer than three months.

MUC5B

The MUC5B
rs35705950 is not only the strongest genetic risk factor
for IPF,*® it has been associated with RA-ILD and may
play a role in its development.’” Specifically, the odds of

gain-of-function promoter  variant

having the MUCSB promoter variant were over three-fold
greater among patients with RA-ILD than patients with
RA but no ILD (95% CI, 1.8 to 5.4; P=7.4x10"°). The
association was even stronger when RA-ILD was confined
to subjects with either UIP or “possible” UIP on HRCT
(odds ratio=6.1, 95% CI, 2.9 to 13.1; P=2.5x10"%).>’
Notably, the MUC5B promoter variant was not a risk
factor for RA itself. Whether the MUCS5B promoter var-
iant is associated with progression of RA-ILD is unknown,
but studies are ongoing.

Biomarkers That Predict Disease Progression
PAD
Peptidylarginine deiminases (PAD) are enzymes that pro-
mote citrullination. Five PAD isotypes exist; each has its
own tissue-specific expression profiles. PAD2 and PAD4
have been linked to RA pathogenesis: the enzymes have
been detected in the synovial tissue of patients with RA,
and they are believed to play a role in the generation of
citrullinated autoantigens targeted by ACPAs. In certain
circumstances, autoantibodies are formed against PAD.
While PAD enzyme expression and citrullinated pro-
teins are elevated in the lungs of chronic smokers without
RA, Cappelli and colleagues found that a smoking history
was not associated with anti-PAD4 antibodies in patients
with RA.*® Compared to patients with established RA (in
whom anti-PAD4 antibodies may be associated with dis-
ease duration and ACPA positivity), anti-PAD4 antibodies
are found less frequently in ACPA positive individuals
without RA (ie, those putatively at risk for RA).*® This
suggests anti-PAD4 antibodies may be amplifiers of dis-
ease severity rather than initiators of it. In one study, a
subgroup of patients with severe (erosive) RA were found
to have anti-PAD4 antibodies that cross-reacted with the
related isoenzyme PAD3 (anti-PAD3/4XR).>* These anti-
PAD3/4XR antibodies have been linked to ILD in RA
patients, even after accounting for confounding factors
such as smoking history.'®

KL-6

Krebs von den Lungen 6/MUCI1 (KL-6) is a mucin-like
glycoprotein, classified as MUCI1, which has profibrotic
and anti-apoptotic effects on lung fibroblasts. Serum KL-6
was found to be elevated in RA-ILD (8 of 9 patients in a
study with “active pneumonitis” versus only 2 of 168 of
patients without active pneumonitis)** and may be parti-
cularly helpful for early detection of ILD progression.
Serum KL-6 levels were shown to correlate with the
severity of RA-ILD on computed tomography in 47 RA
patients.*' In another study, Lee and colleagues utilized
KL-6 to monitor patients with connective tissue disease-
related ILD, including 41 patients with RA-ILD; KL-6
levels were higher in those with ILD than those without
ILD.** In a study looking at the use of tumor necrosis
factor (TNF) inhibitors in RA-ILD, investigators observed
that increasing KL-6 was a marker for worsening ILD.*

Some biomarkers used in patients with cancer (e.g.,
CA19-9, CA15-3, CA 125) have been found to be elevated
in patients with RA-ILD compared to those with RA with-
out ILD. For example, in one study of subjects with RA,
elevated CA-125 was associated with a 6-fold increase in
the odds of ILD.* Serum anti-malondialdehyde-acetalde-
hyde (anti-MAA) antibodies (IgA and IgM) have also been
found to be higher in patients with RA-ILD than patients
with RA alone or COPD.*® Investigations suggest genetic
mutations and/or polymorphisms may hold promise as
useful biomarkers for RA-ILD.

In summary, like RF and ACPA, each of these candi-
date molecules has some data to suggest an association
with RA-ILD. However, additional research is needed to
clarify those associations and support validity if any is to
be considered a clinically useful biomarker for RA-ILD.

Conclusion

There are multiple promising candidate serological, clin-
ical and genetic biomarkers for RA-ILD, and yet as it
stands, none have demonstrated acceptable feasibility or
performance characteristics to reliably identify RA-ILD or
predict its longitudinal behavior. More validation data are
required, including those comparing RA-ILD patients to
patients with other categories of fibrotic ILD. To advance a
biomarker to clinical use, it must possess specificity for
RA-ILD and should be easily obtainable and cost effec-
tive. The hope is that such biomarkers will identify
patients at highest risk for RA-ILD and those most likely
to progress. The suspicion is that the identification of
biomarkers with excellent performance characteristics
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would advance understanding of the pathophysiology of

RA-ILD and ultimately inform the development of tar-

geted therapies for this devastating manifestation of RA.
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