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Abstract

Background—Mutations in Surfactant Protein C (SFTPC) can lead to fibrotic interstitial lung
disease (ILD) with variable phenotypes, especially in children. The sources of phenotype
variability are incompletely understood. A common MUC5B promoter variant rs35705950 is
associated with adult Idiopathic Pulmonary Fibrosis (IPF). We examined whether MUC5B is
similarly linked to ILD secondary to SFTPC mutations.

Methods—MUCS5B concentration in bronchoalveolar lavage fluid (BALF) was measured in six
pediatric patients with SFTPC mutations and diseased controls. Immunohistochemical localization
of MUCB5B was studied in fixed lung tissues in patients with SFTPC mutations, ABCA3 mutations,
and controls. Genotyping for the MUCS5B promoter variant rs35705950 was attempted in all
samples.

Results—MUCS5B glycoprotein was increased in BALF of patients with SFTPC mutations
compared to diseased controls (P = 0.04). MUC5B was unexpectedly present in cells
morphologically consistent with alveolar epithelial type 11 cells in patients with SFTPC mutations
in the BRICHOS domain. Genotyping for the MUCS5B promoter variant was successful in 18/27
patients, and there was no significant relationship between the MUCS5B promoter variant and the
BALF or MUCS5B localization.

Conclusion—MUCS5B may play a role in the development of fibrosis in patients with SFTPC
mutations, especially in patients with BRICHOS mutations. Understanding the role of MUC5B in
adult and pediatric lung diseases may lead to a better understanding of the etiology of fibrotic lung
disease as well as development of novel therapies.
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Introduction

Surfactant Protein C (SFTPC) mutations produce a rare type of children’s interstitial and
diffuse lung disease (chlLD) with a range of pathological findings including interstitial
fibrosis. Patients can present with neonatal respiratory distress or as older adults with
fibrosis.12 Different mutations account for the variability of disease between families, with
mutations in the BRICHOS domain (a highly conserved region involved in protein folding)
leading to more severe lung disease.® The heterogeneity of phenotypes within families
suggests variable penetrance and/or environmental or other genetic modifiers.1:4 Previous
studies suggested that the mutations in SFTPC lead to endoplasmic reticulum (ER) stress,
epithelial cell dysfunction, and inflammation.1:5-2 In other fibrotic lung diseases such as
idiopathic pulmonary fibrosis (IPF), ER stress is thought to lead to epithelial-mesenchymal
transition and ultimately fibrosis.10

MUCSB, a respiratory tract mucin, is typically located in the submucosal glands in normal
bronchioles, but histological evidence in patients with IPF shows dysregulated, increased,
and non-patchy MUCSB expression in the distal airways and honeycomb cysts.11-13 A
common polymorphism in the promoter region of MUC5B (rs35705950) is strongly
associated with familial and sporadic IPF14-18 but the MUCS5B histologic localization
appear to be characteristic of IPF and independent of the polymorphism.1219 MUCSB is
also increased in both mild and fatal asthma, most notably in the mucus plugs, but MUC5B
was not found in the alveolar epithelial cells of asthmatic patients.20

We hypothesized that MUC5B protein expression is increased in fibroproliferative forms of
pediatric lung disease, such as SFTPC mutations. In this pilot study, we evaluated MUC5B
concentrations in bronchoalveolar lavage fluid (BALF) and MUCS5B expression in lung
tissue from pediatric patients with SFTPC mutations.

Materials and Methods

Two groups of patients were included in this study: patients who underwent bronchoalveolar
lavage (15 patients, 6 with SFTPC mutations and 9 diseased controls) and patients who
underwent lung biopsies (15 patients, 6 with SFTPC mutations, 3 with ABCA3 mutations,
and 6 age matched controls). Three patients with SFTPC mutations underwent both
bronchoalveolar lavage and surgical lung biopsy.

Bronochoalveolar lavage

Bronchoalveolar lavage fluid samples were obtained from children undergoing clinically
indicated bronchoscopy (Table 1). These samples were processed and banked in the
Colorado Pediatric Lung Bank under an IRB approved protocol with parental consent. The
BALF was spun down and the supernatant was frozen.2! BALF from all patients with
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SFTPC mutations with banked BALF as well as diseased controls (patients with
Neuroendocrine Cell Hyperplasia of Infancy (NEHI) and patients with chronic cough) were
studied. A slot blot assay was used to determine MUC5B concentrations.22 A standard curve
was used to control for variability between runs. Samples were pre-tested to determine the
appropriate concentrations for the standard curve. Samples were dissolved in denaturing and
reducing loading buffer, loaded into a 48-well slot blot manifold (Hoefer, Holliston, MA),
and applied to a nitrocellulose membrane by vacuum (15 mm Hg). Membranes were then
washed, blocked, and immunolabeled with anti-MUCS5B antisera (Santa Cruz
Biotechnology, Santa Cruz, CA) as described previously.?® Labels were detected using
horseradish peroxidase chemiluminescence detection and were detected using Chemidoc gel
imaging system image acquisition and Image One 1-D analysis software (BIO-RAD,
Hercules, CA). Data are presented as quantities in arbitrary units.

Immunohistochemistry

15 patients were included in the evaluation of MUCS5B localization: 6 patients with SFTPC
mutations, 3 patients with ABCA3 mutations, and 6 age matched controls. Controls consisted
of children who underwent surgical lung biopsy for a focal lesion with surrounding normal
lung tissue. These specimens were reviewed under a retrospective IRB for which consent
was waived. Five micron thick sections were cut from paraffin embedded blocks with
surgical lung biopsy specimens. Immunohistochemistry was performed per standard
protocols using a polyclonal rabbit-anti-human MUCS5B primary antibody diluted to 1:500
(Santa Cruz Biotechnology). Tissues were stained with DAB and counterstained with
Mayer’s hematoxilyn. An expert lung pathologist who was blinded to the underlying disease
reviewed the slides for abnormal location of MUC5B (i.e. MUC5B not in the submucosal
glands of the airways) and ultimately categorized them by positive MUC5B staining in cells
morphologically consistent with alveolar epithelial type 11 cells or no MUCS5B staining in
these cells.

MUCS5B genotype

Statistics

Results

We performed genotyping for rs35705950 using a Tagman assay, as previously
described219 on the BALF and on small scrapings of tissue slides.

A one-way ANOVA with median scores for the nonparametric linear rank statistic was
employed to test the hypothesis that the median values of MUC5B density levels from each
group are equal; due to small samples, exact p-values are reported. Secondary analyses were
performed with a one-way ANOVA to investigate differences between BALF findings in
patients with SFTPC mutations and with diseased controls.

Bronchoalveolar Lavage

We analyzed BALF samples from 9 females and 6 males (Table 1) via a slot blot assay
(Figure 1). The age at time of BALF ranged from 8 months to 11 years. Microrganisms grew
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in 5 BALF samples, including Haemophilus, Eikenella, Sreptococcus, and Moraxella. An
additional sample had Gram positive cocci, but no growth.

In patients with SFTPC mutations, the MUC5B concentration in BALF was significantly
higher than in either patients with NEHI or other diseased controls (p = 0.04; Figure 2A and
2B).

Genotyping for the MUCS5B promoter variant was successful in 9/15 samples and in only 3/6
patient with SFTPC mutations. Two patients were heterozygous for the MUCS5B promoter
variant and the remaining patients were either wildtype or unable to be obtained.

Correspondingly, white blood cell counts were also significantly higher in BALF from
patients with SFTPC mutations (Supplemental Table 1). There were statistically significant
increased percentages of neutrophils and eosinophils in BALF of patients with SFTPC
mutations (Supplement Table 1). In all BALF, white blood cells correlated with log
(MUCSB density) with a correlation of 0.63 (p=0.012)

Tissue was evaluated in 15 patients (Table 2). Each patient with a SFTPC mutation had a
unique mutation. Four had mutations in the BRICHOS domain and two did not. MUC5B
was located in typical regions of the tissue, such as submucosal glands, columnar airway
epithelium, and in mucus plugs (Supplement Figure 1). However, in patients with SFTPC
mutations, there was MUCS5B staining in cells morphologically consistent with alveolar
epithelial type Il cells in 4/6 patients and 4/4 patients with BRICHOS mutations (Table 2).
The positive staining was heterogeneous in the patients with BRICHOS mutations, with
some foci of positively stained areas of cells morphologically consistent with alveolar
epithelial type Il cells (Figure 3). Supplement Figure 2 shows mildly positive MUC5B
staining in the some of the alveolar macrophages for patients 7-15. These patients had no
abnormally located MUC5B.

Genotyping for the MUCS5B promoter variant was successful in all samples. Two of the
cases with SFTPC mutations were heterozygotes for the MUC5B promoter variant and the
remaining cases were wildtype.

Tissue was evaluated for fibrosis by both hematoxylin and eosin stain (Supplement Figure 3)
and by Movat pentachrome stain. Patient 6 (SFTPC with mutation in the BRICHOS domain)
was the only patient with interstitial fibrosis. Other patients had remodeling or reactive
changes, but no significant interstitial fibrotic changes.

Discussion

Pulmonary fibrosis develops in patients with SEFTPC mutations. In IPF, increased MUC5B
expression is thought to impair mucus clearance, alveolar repair, and interfere with host
defense.12 MUC5B expression may be increased because of a polymorphism in its promoter
region or because of the underlying disease process itself. We suggest that increased
MUCS5B expression may be associated with an acceleration of the fibroproliferative pathway
in patients with SFTPC mutations.

Pediatr Pulmonol. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liptzin et al.

Page 5

Our data demonstrated that the concentration of MUC5B in BALF is increased in patients
with SFTPC mutations compared to diseased controls. As shown in Figure 2A, the patients
with SFTPC mutations did not have higher MUC5B density because of bacterial infections
leading to more mucus. However, the two controls with the highest MUC5B density did
have bacterial growth, and therefore may have had a higher MUC5B density secondary to
infection.

Immunohistochemistry for MUC5B in lung tissue demonstrated MUCS5B located in cells
morphologically consistent with alveolar epithelial type 11 cells in patients with SFTPC
mutations, specifically in patients with protein trafficking issues (i.e. mutations in the
BRICHOS domain). This abnormally localized MUCS5B is focal; each slide only had 1-5
positive areas. Because the staining for MUC5B was patchy and our biopsy specimens were
small, it is possible that abnormally located MUC5B was present in other patient samples.
We propose that the MUCBSB staining is patchy because of the early stage of disease in our
patients with SFTPC mutations, especially as only one patient—the oldest biopsied patient
with a surfactant dysfunction mutation—had significant interstitial fibrosis. The patient with
fibrosis had positive MUC5B staining in cells morphologically consistent with alveolar
epithelial type Il cells and the highest MUC5B concentration in BALF. The additional
patients with both tissue and BALF had abnormally located MUC5B, and surprisingly had
the two lowest MUC5B densities in BALF of the patients with SFTPC mutations (Tables 1
and 2). However, these MUC5B density values were still higher than the average MUC5B
density of the controls and than all non-infected controls.

Alveolar epithelial cells normally do not produce mucins, thus MUCS5B in cells
morphologically consistent with alveolar epithelial type 11 cells of patients with SFTPC
mutations in the BRICHOS domain represents a novel pathological finding.

Because a MUCSB promoter variant is a risk factor for developing 1PF,1214-19 MUC5B
genotyping was attempted in all samples to determine if this promoter variant might explain
abnormal MUCSB staining. Genotyping was successful in 18/27 individuals. BALF
supernatant contains minimal DNA and therefore it was not surprising that it was difficult to
genotype the BALF. While the sample size was small, there was no evidence of a
relationship between MUCBSB promoter variant and positive MUC5B staining in cells
morphologically consistent with alveolar epithelial type 11 cells. The patient with fibrosis
and the highest concentration of MUC5B in BALF and notably was heterozygous for the
MUCSB promoter variant.

MUCS5B expression is increased in the lungs of patients with IPF and a single nucleotide
polymorphism in the MUC5B promoter variant is associated with increased risk of disease
and improved outcome.12.19.24 Efforts are underway to better understand how this
polymorphism in MUCSB contributes to lung fibrosis in IPF and to develop agents to target
MUCS5B. If MUCSB is confirmed as a disease modifier/contributor in chILD, then these
novel agents could be tested in pediatric fibrotic lung disease. This is the first time that
MUCS5B expression has been evaluated in pediatric lung disease generally and SFTPC
mutations specifically, and due to our small sample size, we are currently unable to directly
link rare or even common variants in MUCSB to pediatric ILD. Indeed, studying a rare
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disease has obvious limitations, and this pilot study was limited by the number of patients
with disease. Given the limited samples, we were unable to control for age, BALF culture
results, MUCSB promoter variant, or sex. An additional limitation is that alveolar epithelial
type Il cells were identified morphologically and no staining for alveolar epithelial type Il
cell markers was completed.

Nevertheless, our data do demonstrate that MUC5B levels in BALF are increased in patients
with SFTPC mutations compared to diseased controls and that MUCS5B is abnormally
expressed in lung tissue with SFTPC mutations in the BRICHOS domain. These initial
findings suggest a role for MUC5B in pediatric fibrotic lung disease that may inform
pathogenesis or function as a diagnostic biomarker as well as provide future, novel
therapeutics for these rare lung diseases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Slot Blot results for MUC5B density by disease
Darkness of line indicates increased density of MUC5B levels.
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Figure 2A. MUCSB density in diseased controls and SFTPC mutations by culture.
MUCS5B density by disease group (controls with chronic cough, SFTPC with SFTPC
mutations, and NEHI). Closed squares indicate positive cultures; open diamonds indicate

negative cultures.

Figure 2B. MUCS5B density in diseased controls (chronic cough and NEHI) compared to
SFTPC mutations. MUC5B density was significantly higher in SFTPC mutation patients
compared to diseased controls (p=0.0406).
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Figure 3. Immunohistochemical staining of MUCS5B in lung tissue from four patients with
SFTPC mutations

Immunohistochemical staining reveal positive MUC5B staining in alveolar epithelial type |1
cells (black arrow). Alveolar epithelial cells without MUC5B staining, demonstrating
patchiness (gray arrow). MUC5B staining positive in macrophages in airspaces (white
arrow).
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