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Neutrophil gelatinase-associated lipocalin
in idiopathic pulmonary fibrosis

To the Editor:

Neutrophil gelatinase-associated lipocalin (NGAL) is a 25 kD lipocalin that is covalently bound to matrix
metalloproteinase (MMP)-9 produced by neutrophils [1]. NGAL in blood or bronchoalveolar lavage fluid
(BALF) may reflect neutrophilic inflammation in the lungs [2, 3], and it is highly induced in injured
epithelial cells, including those in the lung [4]. Possible roles for neutrophilic inflammation and epithelial
injury have been reported in idiopathic pulmonary fibrosis (IPF). Thus, we hypothesised that NGAL may
be associated with the pathogenesis of IPF. To investigate the roles of NGAL in IPF, we used
immunohistochemical staining for lung specimens and measured plasma and BALF NGAL levels. Our study
was approved by the Ethics Committee of Kyoto University (approval No. E438), and written informed
consent was obtained from all study participants.

First, we immunohistochemically stained the lung tissue specimens of six IPF patients, two nonspecific
interstitial pneumonia (NSIP) patients, and a control (normal area distant from the lesion of surgically
diagnosed organising pneumonia) for NGAL using a conventional method [5]. We also performed
sequential immunofluorescent staining for NGAL and MMP-9. Immunohistochemical staining showed that
NGAL was abundantly expressed in airway epithelial cells that covered the honeycomb cysts in IPF (fig. 1a
and b). Further, histologically normal bronchioles in the fibrotic lesions also exhibited abundant NGAL
expression, although apparently normal alveolar walls exhibited little NGAL expression. NGAL was also
expressed in macrophages, neutrophils and some alveolar epithelial cells.

In NSIP, NGAL was expressed in macrophages and a small number of alveolar epithelial cells. Airway
epithelial cells also showed NGAL expression; however, there were fewer positive cells and their staining
intensity was weaker compared with that of the IPF specimens (fig. 1c). The control lung specimen revealed
an expression pattern similar to that of NSIP patients (fig. 1d). Sequential immunofluorescent staining
indicated that NGAL and MMP-9 were similarly expressed in a patchy pattern along the airway epithelial
cells, which covered honeycomb cysts in the lung tissues of IPF (fig. le and f).

We also measured plasma and BALF NGAL levels for 36 IPF patients (25 males, 27 smokers, 15 with
histological diagnosis) who visited Kyoto University Hospital from October 2007 to April 2012 and
underwent bronchoalveolar lavage (BAL). IPF was diagnosed on the basis of the official joint statement on
IPF published in 2011 [6]. For disease controls, we also enrolled 26 patients as “non-IPF” interstitial
pneumonia group (11 males, 14 smokers). The non-IPF group consists of seven patients who had
undergone surgical lung biopsy (SLB) (two had NSIP and five exhibited a pathological pattern of
bronchiolocentric interstitial pneumonia) and 19 patients with interstitial pneumonia of unknown cause
who did not undergo SLB but exhibited “inconsistent with UIP pattern” on high-resolution computed
tomography [6]. At the time of enrolment, none of these patients had been treated for interstitial lung disease.

Blood and BALF sampling and pulmonary function testing were performed at the same time within 7 days
of admission. In addition, 31 subjects without lung disease were enrolled as healthy controls for plasma
NGAL determination that were matched for age and serum creatinine levels. Plasma NGAL levels and BALF
NGAL levels were determined using sandwich ELIZA (Antibody Shop, Gentofte, Denmark). BALF albumin
concentrations were measured by turbidimetric immunoassay (Superior-Microalbumin kit; Mitsubishi
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FIGURE 1 Immunohistochemical staining results for neutrophil gelatinase-associated lipocalin (NGAL) in lung specimens from: a and b) idiopathic pulmonary
fibrosis (IPF) patients, c) nonspecific interstitial pneumonia (NSIP) patients, and d) a control subject. a) In IPF, NGAL was expressed in those airway epithelial
cells that covered the honeycomb cysts (arrow) and histologically normal bronchioles (arrowhead). b) High magnification image of part a). c and d) In NSIP and
control specimens, NGAL was expressed in a small number of airway and alveolar epithelial cells and in macrophages. ) and f) Sequential immunofluorescent
staining for NGAL and matrix metalloproteinase (MMP)-9 in lung tissues from IPF patients. Both e) NGAL and f) MMP-9 were expressed in those airway
epithelial cells that covered the honeycomb cysts. Scale bars=100 pum.

Chemical Medience, Tokyo, Japan), and BALF NGAL levels were corrected for BALF albumin
concentrations (ng-mg' albumin). Comparisons of plasma and BALF NGAL levels between groups were
made using the Mann—Whitney U-test or Kruskal-Wallis test, p<<0.05 was considered significant.

The median (interquartile range) plasma NGAL levels in the IPF patients (55.5 (43.3—78.0) ng-mL™") were
significantly higher than those in the healthy controls (45.0 (36.0-48.9) ng-mL™"; p<<0.001) and were similar
to the non-IPF patients (66.0 (55.5-74.3) ng~mL’1). BALF NGAL levels in IPF patients (481 (315-1178)
ng-mg' albumin) were significantly higher than those in non-IPF patients (229 (144-562) ng-mg'
albumin; p=0.03).

In IPF patients, age (r,=0.37, p=0.03), male sex (r;=0.49, p=0.002), smoking history (r;=0.39, p=0.02)
and serum creatinine levels (r,=0.61, p <0.001) were significantly associated with plasma NGAL levels
(Spearman’s rank correlation). In addition, forced vital capacity % predicted (FVC % pred) (r,=-0.51,
p=0.002) and BALF neutrophil percentages (r;=0.53, p=0.001) were significantly associated with BALF
NGAL levels. In the non-IPF group, plasma NGAL levels were significantly associated with blood neutrophil
counts (r;=0.40, p=0.04), but not with other clinical variables. In the same group, BALF NGAL levels were
not correlated with either BALF neutrophil percentages or with FVC % pred.

During a mean follow-up period of 30.8 months (range 7.6-61.4 months), 10 (28%) IPF patients died.
When IPF patients were divided into two groups on the basis of the median BALF NGAL level, patients with
higher BALF NGAL levels (>480 ng-mg " albumin; n=18) had a significantly worse survival compared with
those with lower levels (p=0.02 by log-rank test).

It is worth noting that NGAL protein was abundantly expressed in airway epithelial cells that covered the
honeycomb cysts in IPF lung specimens. The phenomenon in which air space lumens are covered by
bronchial epithelial cells in these honeycomb lesions is called bronchiolisation. In addition, our
immunofluorescent staining results indicated that both NGAL and MMP-9 had similar expression patterns
in these bronchiolised cells. Previous studies also reported abundant MMP-9 expression in these
bronchiolisation areas [7, 8]. NGAL binds to MMP-9 and exerts a protective effect by preventing MMP-9
degradation [9]. Therefore, along with MMP-9, NGAL may play an important role in alveolar
bronchiolisation in IPF.
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In this study, BALF NGAL levels were strongly correlated with BALF neutrophil percentages and FVC % pred
in IPF patients, whereas they were not correlated with either BALF neutrophil percentages or with
FVC % pred in non-IPF patients. This dissimilarity may reflect the difference of neutrophil activity between
IPF and other idiopathic interstitial pneumonias. Together with the results of immunohistochemical
staining, BALF NGAL may be a surrogate marker that reflects both neutrophilic inflammation and
fibrosis severity in IPF. However, a further study with a larger cohort is needed to establish whether
BALF NGAL is a prognostic factor independent of disease severity in IPF. Moreover, the clinical utility
of the plasma NGAL level as a marker for IPF may be limited. Plasma/serum NGAL has been shown to
be a biomarker for acute kidney injury [10]. In the present study, plasma NGAL was strongly affected
by renal function rather than by IPF disease severity, and it was not specifically elevated in IPF patients.

Our study had some limitations. First, this was a cross-sectional study with a small sample size. Secondly,
the non-IPF group included 19 patients who did not undergo SLB. Therefore, this group could have
mistakenly included IPF patients; thus, leading to misclassification. Despite these limitations, this is the first
study to demonstrate that NGAL may be involved in the pathogenesis of IPF.

We concluded that NGAL was abundantly expressed in IPF lungs, and that BALF NGAL levels reflected
neutrophilic inflammation and disease severity.
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