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Abstract:

Objective: Early diagnosis of interstitial lung disease (ILD) is desirable not only to better define pathobiological mecha-
nisms, but also to customize treatment protocols. As osteopontin (OPN) expression may be linked to the fibrotic remodelling
in ILD, this present study was planned to evaluate the usefulness of its estimation in serum for the diagnosis of ILD.
Material and Methods: Serum OPN levels were estimated by enzyme-linked immunosorbent assay in 52 diagnosed
cases of ILD, that were then compared with 46 patients with chronic obstructive lung disease and 46 apparently healthy
controls.

Results: Median levels of serum OPN were found to be significantly higher in patients with ILD, 2.186 nanograms per
milliliter (ng/ml), as compared to patients with chronic obstructive lung disease and healthy controls (1.687 and 1.923
ng/ml, respectively). The best cutoff levels of OPN, for diagnosis of ILD, was found to be >1.08 ng/ml; with a sensitivity
of 88.4% and specificity of 32.6%. Of the various subtypes, serum OPN levels were found to be highest in patients with
idiopathic pulmonary fibrosis and interstitial pneumonia with autoimmune features; although the difference in levels between
various subgroups was not found to be statistically significant (p-value=0.495).

Conclusion: Serum concentration of OPN was found to be increased in patients with ILD and may be used to aid
diagnosis. This opens new avenues for future research in patients with ILD, not only for the validation of the diagnostic

abilities of OPN, but also as a potential target in its treatment.
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Osteopontin in Interstitial Lung Disease

Introduction

Interstitial lung disease (ILD) is a group of lung
diseases affecting the parenchymal tissue, characterized
by inflammation and fibrotic infiltration of the alveolar septa.
As a result of which, there is extensive tissue destruction
leading to altered lung function; such as, restricted venti-
lation, hypoxemia, shortness of breath, exercise limitation
and ultimately death from respiratory failure."”

A large number of diffuse parenchymal lung disorders
are grouped together as ILD, because of their common
clinical, radiological and histopathological features.’ ILD is
composed of more than 200 recognized entities, classified
into subtypes depending on their cause. The commonly
encountered subtypes are ILD due to connective tissue
diseases, idiopathic pulmonary fibrosis (IPF), ILD due to
inhaled substances, sarcoidosis and drug induced, among
others.’

In the diagnosis and categorization of various ILDs
clinicians and researchers mainly depend on clinical data;
for example, history and physical examination, radiological
and pulmonary function tests, and histopathological patterns;
these however, do not reflect the underlying pathobiological
mechanisms of the disease. Moreover, these tests do not
adequately sub-phenotype patients with ILD, who may have
quantitatively or qualitatively different biological mechanisms
responsible for their underlying disease.

Early diagnosis of ILD, and its subtype will thus have
a potential impact on treatment decisions and will definitely
influence prognosis. As the burden of the disease is on
the rise, there is a need felt for newer biomarkers to aid
diagnosis that may facilitate the early diagnostic process
and give a better characterization of patient phenotype in
ILD. Although, multiple candidate molecular biomarkers
have been identified in patients with ILDs, unfortunately no
biomarker has been internationally accepted for widespread

implementation to date.* Various studies are investigating
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newer markers for diagnostic aid in patients with ILD and
osteopontin (OPN) is one such recently added biomarker.

OPN is a phosphorylated glycoprotein secreted by
many cells; such as, osteoclasts, activated T cells and
activated macrophages, and has been found to have
important roles in regulating cellular processes, for instance
bone mineralization, tissue remodelling and immune
regulation.’ It has been suggested that OPN functions as
a pro-inflammatory cytokine that is responsible for the
adhesion and chemotaxis of cells such as leukocytes and
vascular smooth muscle cells.® In this regard it has been
suggested that OPN may play a critical role in chronic
inflammatory diseases; such as multiple sclerosis, Crohn
disease, other autoimmune disorders, several types of
cancer, cardiovascular diseases, diabetes, obesity and
kidney stone diseases.” ™

In addition, it has also been found that OPN
produced by alveolar macrophages in the lungs, functions
as a fibrogenic cytokine that promotes migration, adhesion
and proliferation of fibroblasts in the development of
bleomycin induced murine pulmonary fibrosis.'® Messenger
ribonucleic acid analysis of human lung biopsies of patients
with idiopathic pulmonary fibrosis have also shown that OPN
is the most prominently expressed cytokine."”

Thus, OPN may have a key role in the development
of lung fibrosis in ILD. Only a few studies have been reported
on the association of OPN in ILD. If the role of OPN in
ILD could be established then it would be useful not only
in management and prognostication of the disease, but
subsequently also in its pharmacotherapy.

This present study was thus undertaken to evaluate

the role of OPN in the diagnosis of ILD.

Material and Methods
This cross-sectional study was conducted on 52

diagnosed patients with ILD, between January, 2018 and
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July, 2019. The sample size was calculated to be a minimum
of 40 patients with ILD, depending on the yearly patient load
of ILD in the hospital; as the precise documented prevalence
of the disease was not available. Diagnosed patients with
ILD, older than 18 years of age attending the out-patient
clinic of the Department of Pulmonary Medicine during the
study period were enrolled in the study. The diagnosis of
ILD was made by the clinician, using a multidisciplinary
approach, with the reconciliation of clinical, radiological
(high resolution computed tomography) and histological
(bronchoscopy or surgical lung biopsy) information,
wherever required.’ Patients with history of cardiovascular
disease, cancer or any other chronic illnesses not related to
ILD were excluded from the study. Patients with ILD were
categorized into subtypes of ILD, based on the American
Thoracic Society/ European respiratory Society (ATS/ERS)
2018 Classification.'® The study group was compared with
both disease controls as well as apparently healthy controls.
In total, 46 patients older than 18 years of age, attending the
out-patient clinic of the Department of Pulmonary Medicine,
who met the diagnostic criteria of the global initiative for
chronic obstructive lung disease (COPD), formed the
disease control group; while 46 age matched apparently
healthy volunteers formed the healthy control group.'® COPD
was considered in any patient with signs and symptoms
of dyspnea, chronic cough, chronic sputum production
and post-bronchodilator ratio of forced expiratory volume
in 1 sec to forced vital capacity less than 0.70."°All of the
apparently healthy volunteers enrolled had no history of ILD
or any other chronic disease, and their chest radiographs
did not show evidence of any respiratory disease. The
study was approved by the institutional research and ethics
committee, and written informed consent was taken from
all participants at the time of enrolment.

Peripheral venous blood samples were collected
under all aseptic precautions, from all the participants

at the time of enrolment, for the measurement of OPN.

Journal of Health Science and Medical Research

Goyal M, et al.

The serum was separated and stored at -80 °Centigrade
until analysis. Serum OPN levels were estimated using
commercially available enzyme linked immunosorbent
assay, with specific monoclonal antibodies against OPN
(Ray Bio Human Osteopontin ELISA kit), with coefficient of
variation <10.0%.

The results for normally distributed data were
represented as meantstandard deviation (S.D.), skewed
data as median with interquartile range and categorical data
as n percent (%). Unpaired ‘t’ test, Mann Whitney U test and
chi-square tests were used for comparison between groups
for normally, skewed and categorical data, respectively.
Statistical comparison between the three study groups was
conducted using Kruskal Wallis test. Area under the receiver
operating characteristic curve (AUC) with 95.0% confidence
interval, positive predictive value and negative predictive
values were calculated for the optimal cutoff level of OPN.
A p-value of less than 0.05 was considered as statistically

significant.

Results

The study compared the serum levels of OPN
amongst patients with ILD, COPD and healthy controls.The
baseline charateristics of the subjects of the study groups
is shown in Table 1.

There was no significant difference in the age of
the subjects of the study groups. The percentage of males
was found to be more in all the three groups, although this
difference was significant only in the disease control group.
The levels of serum OPN were found to be higher in patients
with ILD; as compared to the patients of COPD and healthy
controls, and the difference was found to be statistically
significant (p-value=0.039) (Table 2). The difference in
levels of serum OPN levels between smokers, ex-smokers
and non-smokers was not found to be significant in any of

the three study groups.
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Based on receiver operating characteristic (ROC)
curve analysis, the best cutoff levels of OPN for diagnosis
of ILD was found to be >1.08 nanogram per mililiter (ng/ml),
with the highest Youden’s Index of 0.211 and a sensitivity
of detecting ILD of 88.4% and specificity of 32.6% (Area
under curve-0.614, p-value=0.023) (Figure 1). OPN levels
of more than 1.089 ng/ml were found to have a positive
predictive value of 42.5% and a negative predictive value

83.3% for diagnosis of ILD in the subjects of the study
group.

Table 1 Characteristics of subjects of the study groups

Goyal M, et al.

The patients with ILD were categorized into sub-
types according to the ATS/ERS 2018 classification, and
the percentage in different subtypes is shown in Table 2.
Serum OPN levels were found to be highest in patients
with IPF and Interstitial pneumonia with autoimmune
features (IPAF) as compared to other subtypes of ILD,
although the difference in levels between various subgroups
was not found to be statistically significant (p-value=0.495)
(Table 3).

Patients of ILD

Patients of COPD Healthy controls

Subject characteristics p-value
(n=52) (n=46) (n=46)
Age (years) 59.46+8.56 61.04+7.25 58.24+8.56 0.651
Sex (%)
Male 53.8% 78.2% 58.6% 0.050
Female 46.1% 21.7% 41.3%
BMI (kg/mz) 24.69+3.57 23.66+7.10 24.36+2.24 0.539
Smoker (%) 96% 24% 8.7% 0.000
Ex-smoker (%) 13.4% 58.6% 21%
Non-smoker (%) 75% 17.4% 89.2%

ILD=interstitial lung disease, COPD=chronic obstructive pulmonary disease, OPN=osteopontin, ng/ml=nanograms per milliliter, kg/m°=kiligrams

per meter squared

Table 2 Serum levels of osteopontin in the study groups

. Patients of Patients of Healthy p-value
'('g‘xsn‘;'/;sl;”m""" ILD COPD controls _ _
(n=52) (n=46) (n=46) Mann Whitney U tests Kruskal Wallis test
Median levels of OPN (ng/ml) 2.186 1.687 1.923 ILD vs COPD : 0.042 0.039
ILD vs Healthy : 0.064 H statistic=6.484
COPD vs Healthy: 0.904 (2, n=144)
Interquartile range (ng/ml) 1.770 1.851 1.781

(8.168-1.397)  (2.702-0.851)

(2.577-0.796)

ILD=interstitial lung disease, COPD=chronic obstructive pulmonary disease, OPN=osteopontin, ng/ml=nanograms per milliliter
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Table 3 Percentage of patients of Interstital lung disease in various subtypes

Serum level of OPN (ng/ml)

Subtype of ILD Percentage

_ i p-value
(N=52) of patients  pegian Interquartile range
Idiopathic pulmonary fibrosis 50.0% 2173 2.020 H statistic
Interstitial pneumonia with autoimmune features 25.0% 2.329 2.000 =2.389
Non idiopathic pulmonary fibrosis 9.6% 2.200 1.660 (4, N=52)
Hypersensitivity pneumonitis interstitial pneumonias 11.5% 1.462 1.02 p-value=0.495
Granulomatous interstitial pneumonias (sarcoidosis) 3.8% 6.881 -

ILD=Interstitial lung disease, OPN=osteopontin, ng/ml=nanograms per milliliter
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(Area under curve=0.614, p-value=0.023)

ROC=receiver operating characteristics curve.

Figure 1 Receiver operating characteristics curve of
osteopontin levels in patients with interstitial

lung disease

Discussion
ILD is known to be a large spectrum of lung disorders
that affects the parenchyma, and is characterized by fibro-

proliferation and excessive accumulation of extracellular
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matrix in the lung. It is a progressive disease that does not
easily respond to treatment.”

With the understanding of the basic cellular processes
responsible for pulmonary fibrosis, numerous molecular
biomarkers associated with disease progression have been
identified, but clinical trials have yet to validate the clinical
efficacy of these markers.' Research has revealed that
OPN is highly expressed in lung diseases, and directly or
indirectly involved in the regulation of granuloma formation
and fibrosis.”’ In an experimental study on mice it was
found that after exposure to titanium dioxide, mice not only
develop a fibroproliferative lung disease, but also showed
increased expression of OPN mRNA; and in turn increased
levels of OPN in bronchoalveolar lavage fluid.”” In another
experimental study, it was found that OPN gene and protein
were expressed on the alveolar macrophages in the lung
after administration of bleomycin along with the infiltration of
inflammatory cells and thickening of alveolar walls, followed
by pulmonary fibrosis.® These observations suggested that
OPN functions like a cytokine and may be involved in the
pathogenesis of fibrotic lung diseases. This present study
was thus planned to evaluate the role of serum levels of
OPN in the diagnosis of ILD.

The study subjects included 56 diagnosed patients
with ILD, who were then compared with 46 patients of
COPD, and an equal number of apparently healthy controls.

A male preponderance was seen in the patients with ILD
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as well as patients of COPD of the study group (53.8% and
78.2%, respectively); although this difference in gender was
found to be significant only in the patients of COPD. The
reason for increased prevalence of the disease in males
could be attributed to the increased percentage of exposure
of smoke in males as compared to females, considering
that smoking is an established risk factor for COPD. These
observations are in line with results forwarded in other recent
studies.®*

Serum OPN levels were found to be significantly
higher in patients with ILD (2.186 ng/ml), as compared to
patients of COPD (1.68 ng/ml) and healthy controls (1.92
ng/ml). The results are in concordance with the results of
a study performed in a Japanese population, wherein OPN
levels were also found to be significantly higher in patients
with ILD. The authors found that OPN could be used to
discriminate between IP and control subjects.® Another
study, from Mexico City of the United States of America,
showed that OPN gene expression is highly up-regulated
in IPF lungs. They found that the levels of OPN were
increased 20-fold in patients with ILD, not only in serum,
but also in bronchoalveolar lavage fluids.”

In this present study, no significant difference in
serum OPN levels was found between patients of COPD
and healthy controls. These results are contrary to some
earlier published studies, that revealed higher OPN levels
in patients of COPD as compared to healthy controls.**°
COPD is characterized by progressive airflow obstruction
and excessive inflammation, and OPN levels may be
increased in COPD owing to its role in inflammation as a
cytokine. However, research has also shown that levels
of OPN in COPD increase with severity of the disease
and often decrease after improvement.** All patients with
COPD in the disease control group of the present study
were on treatment and in the stable form of the disease,
which could explain the non-significant difference in levels

of OPN between the disease controls and healthy controls.
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Smoking also affects the inflammatory pattern and in this
capacity may be reflected in the levels of OPN. Many studies
conducted on patients have found increased serum levels
of OPN in smokers as compared to non-smokers.*****
In the present study however, no significant difference in
levels of OPN was found between smokers, ex-smokers
and non-smokers in patients with ILD as well as COPD.
Similar results have been forwarded by a study, where it
was found that smoking caused concentration dependent
increase in OPN levels in cultured endothelial cells. The
study also found that in smokers who quit smoking for five
days, serum OPN levels were significantly lower compared
to those measured prior to cessation of smoking.”® The
results of another study conducted to evaluate OPN levels in
smokers and ex-smokers COPD patients, found significant
increased levels in smokers; however, no difference was
found between ex-smokers and healthy controls.”® As the
extent, duration of smoking in smokers and time of cessation
of smoking in ex-smokers was not evaluated, this could
have a bearing on the non-significant difference in levels
of OPN amongst smokers, ex-smokers and non-smoking
subjects of the study groups.

Migration and proliferation of fibroblasts are essential
for the formation of the fibroblastic foci that seem to
represent the corner stone of the progressive fibrotic process
in ILD.”® The observation that OPN induced both migration
and proliferation of primary human lung fibroblasts suggests
the sufficiency of OPN secreted from alveolar epithelial
cells to function as a fibrogenic cytokine, and induce many
of the phenotypic changes associated with lung fibrosis."
The significantly raised levels of OPN in patients with ILD,
compared to controls in the subjects of the study group of
the present study, support this association of OPN with the
pathogenesis of ILD.

Moreover, when the cut-off value was set at 1.089
ng/ml, based on the ROC curve analysis, the level of

OPN in serum reliably distinguished patients with ILD from
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controls (p-value of 0.023). OPN levels of more than 1.089
ng/ml were found to have a positive predictive value of
42.5% and a negative predictive value 83.3%, for diagnosis
of ILD in the subjects of the study group.

The patients with ILD were categorized into sub-
types based on ATS/ERS 2018 classification.' A majority
of the percentage of patients with ILD were found to be
diagnosed with IPF (50.0%), while the least percentage
was found to be of granulomatous interstitial pneumonias
(3.8%). The results of a previous study from India showed
sarcoidosis as the most common subtype (37.3%), followed
by IPF (27.6%).% In another study on ILD from India, hyper-
sensitivity pneumonitis was found to be the most common
subtype of ILD.* The difference in the prevalence of different
subtypes of ILD may be due to different geographical
distribution, difference in patient selection and the study
design.

Levels of OPN were found to be highest in patients
with IPF and IPAF as compared to the other subtypes,
although the difference between various subgroups was
not found to be significant. The results of another study,
however revealed that significantly raised levels of OPN
could differentiate between IPF and other ILD’s along
with markers of extracellular matrix remodelling, such as
surfactant protein-D and matrix metalloprotein 7.%

The limitations of the present study were the small
sample size, due to time and resource constraints. Another
limitation, was that the study group was compared with
only one disease control group, again due to resource
constraints. This present study included all diagnosed cases
of ILD attending the out-patient clinic of the department
of Pulmonary Medicine during the study period, for whom
appropriate subject characterization and sample analysis
was done. This has led to the interpretation of the results.
However, larger studies with different sets of cohorts may be

planned in the future to validate the results, and ascertain
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the role of OPN in diagnosis and differentiation between

different subtypes of ILD.

Conclusion

The results of the study suggest that serum levels
of OPN are increased in patients with ILD, and OPN may
be used to aid in the diagnosis of ILD. However, further
evaluation with longitudinal studies are warranted in a large
population to ascertain these results, and to establish a

cause- effect relationship.
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