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Introduction

Methods

The role of the gut microbiome in the modulation of the immune system and
inflammation is an increasingly popular area of research, but little is known
about its association with interstitial lung diseases (ILD), especially in the case
of Non-Specific interstitial pneumonia (NSIP). There are many genetic,
environmental, and molecular drivers for ILDs, and NSIP is a subset from ILDs
which is characterized through clinical, histological, and radiological features.
NSIP is often associated with specific conditions, such as connective tissue
diseases and autoimmune diseases, or may be categorized as idiopathic. The
unique cytokine profile of NSIP patients compared to patients with other ILDs
indicates an inflammatory dysregulation; however, the treatment is primarily
limited to non-targeted approaches to reduce inflammation such as steroids
and other immunosuppressive medications. While current treatment options
are often, but not always, effective in reducing morbidity and mortality, they are
associated with significant side effects. Since the gut microbiome is known to
program immune and inflammatory responses, we hypothesize that changes
in the intestinal microbiota are associated with disease severity and
treatment responsiveness in patients with NSIP. Establishing these
underlying associations can help develop new and personalized treatment
strategies to reduce inflammation and immune system overactivation in
patients with NSIP.

The microbiome plays an important role in the maintenance of regular bodily
functions across many organ systems, and its dysregulation is associated with
many diseases. However, the role of the gut microbiome has not been
elucidated in the case of NSIP. The gut microbiota also plays an important role
in affecting inflammation systemically through the gut microbiota’s key role in
programming host immune mechanisms. We have previously demonstrated
the role the gut microbiota plays in programming host defense in preclinical
models of lung infection and T cell function and in humans[1], [2]. The
presence of filamentous segmented bacteria protects against Staphylococcus
aureus pneumonia through IL-17 producing T helper cells [3]-[5]. The gut
microbiota drives the differentiation of these cells through specific microbiota
including segmented filamentous bacteria [4], [6], [7]. However, in NSIP the
lymphocytic infiltrates commonly associated with the histological features of
the disease are composed mainly of B-cell lymphocytes, greater CD4+/CD8+
ratio, and predominantly Th1 type [8]. It stands to reason that the host defense
mechanisms are dysregulated in NSIP differently compared to pneumonia, IPF
or ILDs, which is why it is important to understand the regulatory potential of
host immune dysregulation in NSIP. Determining the changes in the gut
microbiome in patients with NSIP would be a valuable step towards
understanding the mechanisms behind NSIP and, potentially, the response to
therapy, because of the gut microbiome’s multifaceted involvement in host
lung responses.

Studies in patients and animal models of COPD, asthma, and other lung
diseases show that corticosteroid treatment can change the microbiota
composition. There are only a handful of studies that characterize the change
of the gut microbiota as a result of therapy in patients with lung diseases, and
very few of those studies look at NSIP patients. However, the studies that look
at patients with COPD show that there is an increase in the diversity and
density of specific taxa after treatment with corticosteroids [9]-[11]. In asthma,
some studies show that inhaled corticosteroids and oral glucocorticoids are
associated with an increase in, proteobacteria and Pseudomonas and a
decrease in Bacteroidetes, Fusobacteria, and Prevotella [12], [13]. In mice and
rats, prednisone usage has been shown to change metabolites that are
associated with the gut microbiome such as decreases in the abundances of
valeric acid, propanoic acid, isobutyric acid, isovaleric acid, and caproic acid.
These changes can affect the differentiation of various immune cells such as
how propanoic acid and butyrate promote differentiation of Treg cells by
Inhibiting histone deacetylase. Also, caproic acid is involved in the
proinflammatory states of TH1 and TH17 cells [17]-[19]. Treatment efficacy
and microbiota composition have a bi-directional relationship in lung disease
In which treatment with steroids can alter the microbiota composition in
organisms and the microbiota can modify the immune system to control
inflammation which modulates the effectiveness of treatments with steroids.

This project will perform 16s rDNA sequencing based phylogenetic analyses and
metabolomic analyses of stool samples of patients with NSIP. Samples will be collected from
NSIP patients when the patients will receive standard treatment and again after 3 months of
treatment. Respiratory and health statuses will be assessed through K-BILD (ILD specific
qguestionnaire), a EuroQuol-5D (quality-of-life questionnaire), ASA24 (dietary assessment
tool), AUDIT-C (alcohol use questionnaire), and the MRC Dyspnea Score at each time point.
Data will also be extracted from the patients’ medical records including 6-minute walk,
pulmonary function testing, radiographic findings on high resolution computed tomography,
and histological results from samples of lung tissue. These findings will be used to
characterize disease severity and assess response to therapy.
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Our conceptual model proposes that the microbiota of the gut and lungs cause a pro-
inflammatory state and immune system hyper activation which contributes to NSIP
symptoms, physiological conditions of the lungs, and exercise capacity. The microbiota may
modulate treatment responses through drug metabolism and/or bioavailability. Alternatively,
treatment may directly affect the microbiota composition and metabolites produced by
microbes in the gut. These may then contribute to NSIP symptoms, lung physiology, and
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We have not collected any data yet, so there are no conclusions to be drawn. However,
the goal of the study is to elucidate the potential underlying causes that mediate disease
severity and responsiveness to therapy in NSIP. The incidence and prevalence of NSIP
have not been definitively defined; however, the prevalence of NSIP is estimated to be 1
to 9 per 100,000 people, and the incidence has been estimated at around 3 per one
million people [14]-[16]. Considering that patients with severe NSIP are frequently
hospitalized and the treatment options are limited to steroids and immunosuppressive
agents, which can be accompanied with serious side effects, it is imperative to elucidate
the mechanisms in which NSIP develops and responsiveness to treatment. NSIP can
either be idiopathic or associated with connective tissue disease, HIV infection, toxins, or
numerous other causes [17]. Even though many associated diseases and causes of
NSIP are known, little is known about the mechanisms by which these causes lead to
the harmful inflammation and fibrosis that debilitate patients with NSIP. Furthermore,
since NSIP is defined by a constellation of clinical symptoms, radiographic findings, and
histological findings it is difficult to pinpoint mechanisms that explain the wide array of
potential causes for NSIP.

The presence of specific bacterial and viral organisms in the airways is associated with
IPF [18]-[20]. We and other groups have demonstrated that the gut microbiome is
involved in programming host defense mechanisms against bacteria in preclinical
models of pneumonia and in humans [2]-[5]. However, no data exists on characterizing
the microbiota of the gut in patients with NSIP. Understanding changes in the gut and
lung microbiota of patients with NSIP can help identify how the interactions between the
respiratory microbiota and the gut microbiota inform host immune response. This will
allow for new targeted therapies with fewer side-effects which can improve symptoms
and quality of life for patients with NSIP.

Based on research on the role of the gut microbiome in other ILDs and pneumonia, we
expect that there will be differences in specific taxa and broader changes in the overall
composition and function of the gut microbiomes of patients with NSIP. With our multi-
omics and sequencing methodologies which we implemented in previous studies, we
hope to characterize the microbiome of the gut with enough depth and dimensionality to
portray differences in specific taxa and broader functional deficits of the microbiomes of
the gut and lungs of patients with NSIP. Tracking changes in the microbiomes of NSIP
patients as they receive steroidal treatments which will lower the activity of their immune
systems and reduce inflammation. Following these changes will help identify how the gut
and lung microbiomes respond to dampened immune systems, which will further our
understanding of the role of the gut and lung microbiomes in host immune programming
and modulation. The end goal is to use knowledge gleamed from our study to inspire the
development of novel, specific, and targeted treatment options for NSIP patients that
improve their quality of life and reduce harm from non-specific treatments.
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