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Abstract

BACKGROUND—The mutations that have been implicated in pulmonary fibrosis account for
only a small proportion of the population risk.

METHODS—Using a genomewide linkage scan, we detected linkage between idiopathic
interstitial pneumonia and a 3.4-Mb region of chromosome 11p15 in 82 families. We then
evaluated genetic variation in this region in gel-forming mucin genes expressed in the lung among
83 subjects with familial interstitial pneumonia, 492 subjects with idiopathic pulmonary fibrosis,
and 322 controls. MUCS5B expression was assessed in lung tissue.

RESULTS—Linkage and fine mapping were used to identify a region of interest on the p-
terminus of chromosome 11 that included gel-forming mucin genes. The minor-allele of the
single-nucleotide polymorphism (SNP) rs35705950, located 3 kb upstream of the MUC5B
transcription start site, was present at a frequency of 34% among subjects with familial interstitial
pneumonia, 38% among subjects with idiopathic pulmonary fibrosis, and 9% among controls
(allelic association with familial interstitial pneumonia, P = 1.2x10713; allelic association with
idiopathic pulmonary fibrosis, P = 2.5x10737). The odds ratios for disease among subjects who
were heterozygous and those who were homozygous for the minor allele of this SNP were 6.8
(95% confidence interval [CI], 3.9 to 12.0) and 20.8 (95% CI, 3.8 to 113.7), respectively, for
familial interstitial pneumonia and 9.0 (95% CI, 6.2 to 13.1) and 21.8 (95% CI, 5.1 to 93.5),
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respectively, for idiopathic pulmonary fibrosis. MUCS5B expression in the lung was 14.1 times as
high in subjects who had idiopathic pulmonary fibrosis as in those who did not (P<0.001). The
variant allele of rs35705950 was associated with up-regulation in MUCS5B expression in the lung
in unaffected subjects (expression was 37.4 times as high as in unaffected subjects homozygous
for the wild-type allele, P<0.001). MUCSB protein was expressed in lesions of idiopathic
pulmonary fibrosis.

CONCLUSIONS—A common polymorphism in the promoter of MUCS5B is associated with
familial interstitial pneumonia and idiopathic pulmonary fibrosis. Our findings suggest that dys-
regulated MUCS5B expression in the lung may be involved in the pathogenesis of pulmonary
fibrosis. (Funded by the National Heart, Lung, and Blood Institute and others.)

The evidence that there is a genetic basis for idiopathic interstitial pneumonia is substantial,
with familial aggregation confirmed through studies in twins, siblings raised apart, and
multigenerational families.! Interstitial lung disease has been associated with several
pleiotropic genetic disorders.2 The development of pulmonary fibrosis has been associated
with private mutations in surfactant protein C,? surfactant protein A2, and genes that
maintain telomere length.> However, collectively these mutations account for a small
proportion of the population risk of idiopathic interstitial pneumonia.

In this article, we used a genomewide linkage scan to identify a risk locus for idiopathic
interstitial pneumonia on the p-terminus of chromosome 11. Through fine mapping of this
risk locus, we identified a common variant in the putative promoter of the gene encoding
mucin 5B (MUCS5B) that is associated with the development of both familial interstitial
pneumonia and sporadic idiopathic pulmonary fibrosis.

METHODS
STUDY POPULATIONS

National Jewish Health, Vanderbilt University, Duke University, and InterMune® identified
and phenotyped subjects with familial interstitial pneumonia or idiopathic pulmonary
fibrosis. The diagnosis of idiopathic interstitial pneumonia was established in accordance
with conventional criteria.”-8 Eligible subjects were at least 38 years of age and reported
having symptoms of idiopathic interstitial pneumonia for at least 3 months. A high-
resolution computed tomographic scan was required to show definite or probable idiopathic
interstitial pneumonia in accordance with predefined criteria,”-® and a specimen from a
surgical lung biopsy was obtained in 46% of affected subjects. Familial interstitial
pneumonia was defined by the presence of two or more cases of definite or probable
idiopathic interstitial pneumonia within three generations of a family, with at least one case
of idiopathic interstitial pneumonia established as a definite or probable case of idiopathic
pulmonary fibrosis. Subjects with clinically significant exposure to known fibrogenic agents
or another cause of interstitial lung disease were excluded. Control subjects for the genetic
analysis were recruited by Duke University and National Jewish Health (see Fig. S1 in the
Supplementary Appendix, available with the full text of this article at NEJM.org). All
protocols were approved by the institutional review boards at each institution, and all
subjects provided written informed consent.

LINKAGE ANALYSIS

A genomewide linkage screen was completed in 82 multiplex families (Fig. S2 in the
Supplementary Appendix) with the use of a deCODE linkage panel consisting of a total of
884 markers (Table S1 in the Supplementary Appendix), with an average intermarker
distance of 4.2 cM. Multipoint, non-parametric linkage analysis was performed with the use
of Merlin.? Kong and Cox LOD scores!? were calculated with the Spairs statistic!! with the
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use of an exponential model; the one-LOD-score-down method was used to support
intervals.

FINE MAPPING OF CHROMOSOME 11

To interrogate the linked region on the p-terminus of chromosome 11 (8.4 Mb bounded by
1rs702966 and rs1136966), we performed fine mapping by genotyping 306 tagging single-
nucleotide polymorphisms (SNPs)!2 in 145 unrelated subjects with familial interstitial
pneumonia, 152 subjects with idiopathic pulmonary fibrosis, and 233 controls (all subjects
were white). Tests of association comparing subjects who had familial interstitial pneumonia
and those who had idiopathic pulmonary fibrosis with controls were calculated with the use
of an additive model for the minor allele.

RESEQUENCING OF MUC2 AND MUC5AC

Primer pairs, used to generate overlapping amplicons for resequencing the proximal
promoter and most exons of the genes encoding mucin 2 (MUC?2) and mucin SAC
(MUC5AC), were designed on sequences masked for repetitive elements, SNPs, and
homology with other regions of the genome.

GENETIC SCREEN OF GEL-FORMING MUCINS IN THE LUNG

To confirm and extend the linkage, fine mapping, and resequencing, we conducted a case—
control association study in an independent population of 83 subjects with familial
interstitial pneumonia, 492 subjects with sporadic idiopathic pulmonary fibrosis, and 322
controls (Table S2 in the Supplementary Appendix) with the use of tagging and other SNPs
localized across the gel-forming mucin genes on chromosome 11 expressed in the lung
(Table S3 in the Supplementary Appendix). A total of 175 SNPs were successfully
genotyped with Sequenom iPLEX assays, and Haploview!3 was used to test SNPs for allelic
association with familial interstitial pneumonia and idiopathic pulmonary fibrosis. For
associations that remained significant after Bonferroni correction, odds ratios were estimated
with the use of an additive model for the rare allele after adjustment for age and sex with the
use of logistic regression. Goodness-of-fit chi-square tests were used to evaluate the
evidence for genotypic departures from Hardy—Weinberg equilibrium.'# For the SNP most
highly associated with disease, we used the linkage and association modeling in pedigrees!’
to determine whether, in the original linkage families, the SNP was linked to the disease
locus, was in linkage disequilibrium with the disease locus, and could account for the
linkage signal.

STATISTICAL ANALYSIS

A description of the statistical analysis, along with a comprehensive report on all methods, is
available in the Supplementary Appendix.

RESULTS
IDENTIFICATION OF MUCIN REGION ON CHROMOSOME 11

On the basis of data gathered on the 82 families with familial interstitial pneumonia, the
strongest evidence for linkage occurred on chromosome 11, where the maximum multipoint
LOD score was 3.3 (P=0.00004; marker D11S1318) (Fig. S3 in the Supplementary
Appendix). The 1-LOD support interval for this linked region was bounded by markers
D115S4046 and D11S1760, spanning 3.4 Mb. Since D11S4046 was the most telomeric
marker typed, the region of interest was inclusive of the p-terminus of chromosome 11 (Fig.
1A). Within the larger, 8.4-Mb region, 306 tagging SNPs were selected for fine mapping in
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a case—control association analysis (145 subjects with familial interstitial pneumonia, 152
subjects with idiopathic pulmonary fibrosis, and 233 controls) (Fig. 1B).

Allelic association testing revealed seven SNPs within MUCZ that were significantly
associated with either familial interstitial pneumonia or idiopathic pulmonary fibrosis (Fig.
1B). MUC2 is contained in a genomic region harboring four gel-forming mucin genes
(telomere to centromere: the gene encoding mucin 6 [MUC6], MUC2, MUC5AC, and
MUCS5B). Although recombination hotspots located between MUC6 and MUCZ and within
the proximal portion of MUCS5B have been reported, markers within MUC2 and MUCSAC
exhibit strong linkage disequilibrium.'6 Thus, MUC2 and MUCSAC were selected for
resequencing with the use of the oligonucleotide primers listed in Tables S5 and S6,
respectively, in the Supplementary Appendix. Re-sequencing analysis identified 330 genetic
variants in MUCZ and 195 genetic variants in MUC5AC (Table S7 and Table S8,
respectively, in the Supplementary Appendix). Allelic association testing between these
genetic variants and disease status yielded seven independent SNPs in both MUCZ2 and
MUCS5AC that were significantly associated with either familial interstitial pneumonia or
idiopathic pulmonary fibrosis (Fig. 1C, and Tables S9 and S10 in the Supplementary
Appendix).

A MUC5B PROMOTER SNP AND PULMONARY FIBROSIS

To further evaluate the region of interest, we designed a genetic screen (Tables S3 and S4 in
the Supplementary Appendix) for common genetic variation across the three gel-forming
mucin genes expressed in the lung (MUC2Z, MUC5AC, and MUC5B) in an independent
population of subjects with idiopathic interstitial pneumonia (83 with familial interstitial
pneumonia and 492 with idiopathic pulmonary fibrosis) and 322 controls (Fig. S1 and Table
S2 in the Supplementary Appendix). On the basis of allelic testing, we observed significant
associations of 19 independent SNPs with familial interstitial pneumonia, idiopathic
pulmonary fibrosis, or both, after Bonferroni correction for multiple comparisons (Fig. 1D
and Table 1). Of these 19 SNPs, 6 occurred in MUC2Z, 1 in the MUC2-MUC5AC intergenic
region, 4 in MUCS5AC, 3 in the MUCSAC-MUCS5B intergenic region, and 5 in the putative
MUCS5B promoter, within 4 kb of the MUCS5B transcription start site! 718 (Table 1).

A SNP in the putative promoter of MUCS5B, 3 kb upstream of the transcription start site
(rs35705950), exhibited the strongest association with both familial interstitial pneumonia
and idiopathic pulmonary fibrosis. The minor allele of this SNP was present at a frequency
of 34% among subjects with familial interstitial pneumonia, 38% among those with
idiopathic pulmonary fibrosis, and 9% among controls (allelic association with familial
interstitial pneumonia, P = 1.2x10~13; allelic association with idiopathic pulmonary fibrosis,
P =2.5x10737) (Fig. 1D). The genotypic frequencies for rs35705950 were consistent with
Hardy—Weinberg equilibrium among controls but not among subjects with idiopathic
pulmonary fibrosis (P = 6.0x10~11) and were nearly consistent with Hardy—Weinberg
equilibrium among subjects with familial interstitial pneumonia (P = 0.11).

A comparison of the genotype frequencies observed in case subjects and controls with the
frequencies that would be expected if rs35705950 were a true risk locus revealed that the
observed genotypic frequencies are consistent with an additive genotypic effect on the risk
of disease conferred by rs35705950 (P = 0.88 for familial interstitial pneumonia and P =
0.77 for idiopathic pulmonary fibrosis [P values indicate findings consistent with an additive
model]). In addition, the estimates of frequency and penetrance for the disease allele suggest
that the disease models for familial interstitial pneumonia and idiopathic pulmonary fibrosis
are similar. The odds ratio for disease among subjects who were heterozygous and those
who were homozygous for the rarer allele of this SNP were 6.8 (95% confidence interval
[CI], 3.9 to 12.0) and 20.8 (95% CI, 3.8 to 113.7), respectively, for familial interstitial
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pneumonia, and 9.0 (95% CI, 6.2 to 13.1) and 21.8 (95% CI, 5.1 to 93.5), respectively, for
idiopathic pulmonary fibrosis (Table 1). To be certain that this SNP was not tagging another
SNP in the MUCS5B promoter region, we resequenced the 4-kb region upstream of the
MUCSB transcription start site in 48 subjects with idiopathic pulmonary fibrosis and 48
controls (Table S11 in the Supplementary Appendix). We observed 34 genetic variants, but
none had a pairwise r? statistic for linkage disequilibrium with rs35705950 that was above
0.2 (Table S12 in the Supplementary Appendix). Finally, among the families in the original
linkage analysis, rs35705950 was found to be both linked to the disease locus (P = 0.04) and
in linkage disequilibrium with it (P = 1.5x10~). Although there is some evidence for other
linked variants in the region (P=0.054), these results verify the relevance of this SNP to
disease in these families.

RELATIONSHIP OF RS35705950 WITH OTHER MUCIN SNPS

Next, we explored the relationship between the rs35705950 SNP and the 18 other SNPs
significantly associated with idiopathic interstitial pneumonia. Testing pairwise linkage
disequilibrium among these 18 SNPs with the use of the r2 statistic, we found that 10
exhibited a low but substantial level of linkage disequilibrium with rs35705950 (12 = 0.15 to
0.27) among subjects with idiopathic pulmonary fibrosis, suggesting that the association of
these SNPs with idiopathic interstitial pneumonia is due to linkage disequilibrium with
r$35705950 (Fig. 2). Using genotypic logistic-regression models to adjust for the effects of
1$35705950, we observed that the coefficients and corresponding P values were substantially
reduced for all 18 SNPs that had previously been associated with familial interstitial
pneumonia or idiopathic pulmonary fibrosis (Table S13 in the Supplementary Appendix). In
fact, after adjustment for rs35705950, only one SNP retained nominal significance for
idiopathic pulmonary fibrosis (rs41480348, P = 0.04). The significance of the association of
the rs35705950 SNP with disease was largely unaffected by adjustment for any of the 18
SNPs tested (P<1.7x10~9 for familial interstitial pneumonia and P<1.1x10~2* for idiopathic
pulmonary fibrosis) (Table S13 in the Supplementary Appendix). These results show that
the rs35705950 SNP has a strong independent effect on both familial interstitial pneumonia
and idiopathic pulmonary fibrosis, with a minimal effect of other mucin variants on the risk
of disease.

EFFECT OF RS35705950 ON MUC5B EXPRESSION

The wild-type G allele of the rs35705950 SNP is conserved across primate species, is
directly 5" (or adjacent) to a highly conserved region across vertebrate species, and is in the
middle of a sequence that has been predicted to be involved in gene regulation (Fig. S4 in
the Supplementary Appendix).!%-20 Bioinformatic analysis of the effect of the rs35705950
SNP predicted disruption of an E2F binding site and the creation of two new binding sites
(HOX9 and PAX2). On the basis of these analyses, we explored the effect of rs35705950 on
MUCS5B expression in lung tissue from 33 subjects with idiopathic pulmonary fibrosis and
47 unaffected subjects. MUCSB expression was 14.1 times as high among the subjects with
idiopathic pulmonary fibrosis as it was among the unaffected subjects (P<0.001) (Fig. 3A).
Expression of the gene among unaffected subjects carrying at least one copy of the variant
allele was 37.4 times as high as it was among unaffected subjects who were homozygous for
the wild-type allele (P<0.001) (Fig. 3B). In contrast, no significant difference in MUC5B
expression was observed between subjects with idiopathic pulmonary fibrosis who had at
least one variant allele of rs35705950 and subjects with idiopathic pulmonary fibrosis who
were homozygous for the wild-type allele (Fig. 3C). Smoking, a potential confounder of
MUCS5B expression, appeared to have little effect on the association between the
rs35705950 variant allele and MUCS5B expression among subjects with idiopathic
pulmonary fibrosis or among those who were unaffected (Fig. 3B and 3C).
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SITES OF MUC5B EXPRESSION IN THE LUNG

Immunohistochemical staining of lung tissue showed that MUC5B was present in the
cytoplasm of the secretory columnar cells of the bronchi and in larger proximal bronchioles
(>200 pm) in subjects with idiopathic pulmonary fibrosis and in controls (Fig. 4A). In
subjects with idiopathic pulmonary fibrosis, regions of dense accumulation of MUC5B were
observed in areas of microscopical honeycombing and involved patchy staining of the
metaplastic epithelia lining the honeycomb cysts (Fig. 4B); there was also staining of the
mucous plugs within the cysts (Fig. 4C). No obvious differences in MUCS5B staining
characteristics were observed in subjects with idiopathic pulmonary fibrosis who had the
MUCS5B promoter polymorphism.

DISCUSSION

We identified a common variant in the putative promoter of MUCS5B that is associated with
the development of familial interstitial pneumonia and idiopathic pulmonary fibrosis.
Linkage, fine mapping, selective resequencing of MUCZ2 and MUCS5AC, and a genetic
analysis of the gel-forming mucin region at the p-terminus of chromosome 11 resulted in the
identification of a SNP (rs35705950) in the putative MUCSB promoter that is strongly
associated with both MUCS5B expression in the lung among unaffected subjects and the
development of familial interstitial pneumonia and idiopathic pulmonary fibrosis. Moreover,
subjects with idiopathic pulmonary fibrosis had significantly higher levels of expression of
MUCS5B in the lungs than did controls, and the MUCS5B protein was expressed in lesions of
idiopathic pulmonary fibrosis. On the basis of our findings, the population attributable risk
of familial interstitial pneumonia or idiopathic pulmonary fibrosis for this promoter
polymorphism is likely to be substantial. In aggregate, our findings suggest that
dysregulated MUCS5B expression in the lung may be involved in the pathogenesis of
pulmonary fibrosis.

The prevailing opinion is that idiopathic pulmonary fibrosis develops as a result of
excessive, sequential lung injury or aberrant wound healing.2! Although the mechanisms
that account for excessive lung injury or aberrant repair in persons with the SNP in the
putative MUCS5B promoter remain unknown, our findings point to at least three possibilities.
First, on the basis of the relationship between the SNP and excess production of MUCS5B,
we hypothesize that too much MUCSB impairs mucosal host defense, results in excessive
lung injury from inhaled substances, and over time leads to the development of idiopathic
interstitial pneumonia. In addition to the MUCS5B promoter SNP, common exposures and
basic biologic processes can influence either the expression of the gene or the clearance of
the protein. For instance, MUCS5B expression can be enhanced in the lung by cigarette
smoke, 722 acrolein,?3 oxidative stress,24 interleukin-6,2> interleukin-8,2¢ interleukin-13,27
interleukin-17,% 17B-estradiol, 28 extracellular nucleotides,?? or epigenetic changes that alter
DNA methylation or chromatin structure.?? In addition, clearance of lung mucus is
dependent on effective ciliary motion, adequate hydration of the periciliary liquid layer, and
an intact cough.2® However, regardless of whether excess MUC5B in the air space is caused
by overexpression or impaired clearance, our findings raise the possibility that excess
concentrations of MUCS5B compromise mucosal host defense, reducing lung clearance of
inhaled particles, dissolved chemicals, and microorganisms. Given the importance of
environmental exposures (e.g., exposure to asbestos and silica) in the development of other
forms of interstitial lung disease, it is logical to speculate that common inhaled particles,
such as those associated with cigarette smoke or air pollution, might cause exaggerated
interstitial injury in persons who have defects in mucosal host defense.

Second, excess MUCSB in the respiratory bronchioles may interfere with alveolar repair. It
has been established that alveolar injury results in the collapse of bronchoalveolar units and
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that this focal lung injury is repaired through re-epithelialization of the alveolus by type II
alveolar epithelial cells.3%-3! Thus, an alternative hypothesis is that MUCS5B impedes
alveolar repair, either by interfering with the interaction between the type II alveolar
epithelial cells and the underlying matrix or by interfering with the surface-tension
properties of surfactant. Either the failure to re-epithelialize the basal lamina of the alveolus
or the presence of suboptimal surfactant activity could enhance ongoing alveolar collapse
and fibrosis of adjacent bronchoalveolar units and eventually lead to the development of
idiopathic interstitial pneumonia.

Third, the lesions of idiopathic pulmonary fibrosis are spatially heterogeneous,?! suggesting
that the disorder is multifocal, originating in individual bronchoalveolar units. Since the
r$35705950 SNP occurs in the putative promoter region of MUCSB and is predicted to
disrupt transcription-factor binding sites, one must consider ectopic production of MUCS5B
in cells or locations that cause injury to the bronchoalveolar unit. Although all three
mechanisms are plausible and may act alone or together to contribute to the development of
idiopathic interstitial pneumonia in persons with the MUCS5B promoter SNP, further
research is needed to define the mechanisms involved in MUCS5B-associated interstitial lung
disease and to address the possibility that unscreened genetic variants (especially in the
inaccessible repetitive mucin regions) in linkage disequilibrium with the MUC5B promoter
SNP affect the function of other lung mucins.

Our results could potentially alter the clinical approach to idiopathic interstitial pneumonia.
The implication of secreted airway mucins in the pathogenesis of pulmonary fibrosis
suggests that the air space plays a role in the development of idiopathic interstitial
pneumonia. Although identification of rs35705950 in the putative MUCS5B promoter can be
used to target persons at risk for the development of idiopathic interstitial pneumonia
(especially those who are members of families subject to idiopathic interstitial pneumonia),
our observation that the biologic features of mucins may be important etiologic factors in
this disease could reorient the focus of pathogenic and therapeutic studies in interstitial lung
disease to lung mucins, the air space, and the bronchoalveolar unit. In addition, the genetic
causes of idiopathic interstitial pneumonia — MUCS5B, surfactant protein C, surfactant
protein A2, and two telomerase genes — could provide insight into the particular clinical
manifestations of this complex disease process and consequently lead to earlier detection,
more predictable prognosis, and personalized therapeutic strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Summary of Genetic Screen in Familial Interstitial Pneumonia and I diopathic
Pulmonary Fibrosis

In a linkage analysis involving 82 multiplex families with familial interstitial pneumonia,
884 markers were tested across the genome. Panel A shows the location of the linkage peak
on chromosome 11 (maximum LOD score, 3.3) and the adjacent area of fine mapping (red
box). Panel B shows the results of fine mapping of the chromosome 11 linkage peak. A total
of 306 tagging SNPs were typed across the linkage peak in 145 subjects with familial
interstitial pneumonia, 152 subjects with idiopathic pulmonary fibrosis, and 233 healthy
controls. Chromosomal location (in megabases) is shown on the x axis. The resequencing
diagram in Panel C shows the entire genomic region from MUC2to MUC5B, drawn to scale
except where the dotted line appears. The green, red, and blue blocks represent gene exons,
and the orange blocks putative promoter regions. The black blocks represent intergenic
regions, and the black horizontal line represents introns. SNPs identified by means of
resequencing and tested for association in 54 controls who were spouses of subjects, 96
subjects with sporadic idiopathic pulmonary fibrosis, and 69 subjects with familial
interstitial pneumonia are displayed in Panel B as dots. SNPs genotyped in an independent
group of 83 subjects with familial interstitial pneumonia, 492 subject with sporadic
idiopathic pulmonary fibrosis, and 322 controls are shown in Panel D. In Panels B, C, and
D, the results of allelic association testing for each SNP are denoted by red dots for familial
interstitial pneumonia and by black dots for idiopathic pulmonary fibrosis. (See the
Supplementary Appendix for a description of gene models of gel-forming mucins.)
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Figure 2. Pairwise Linkage Disequilibrium Plot for Single-Nucleotide Polymor phisms (SNPs)
Significantly Associated with Idiopathic Pulmonary Fibrosisor Familial Interstitial Pneumonia
in a Genetic Screen of Lung-Expressed Gel-Forming Mucins

The linkage-disequilibrium values displayed were calculated with the use of the 12 statistic
for the mucin genetic screen performed in 492 subjects with idiopathic pulmonary fibrosis.
The bar above the plot indicates the approximate location of these SNPs within the gel-
forming mucin region. The highly significant MUCS5B promoter SNP (rs35705950) and its
pairwise linkage-disequilibrium values are outlined in red. Linkage-disequilibrium patterns
were qualitatively similar among controls, although in most instances the linkage
disequilibrium was also weaker among controls (Fig. S5 in the Supplementary Appendix).
Areas with darker shading represent stronger linkage disequilibrium. Int denotes intergenic
region, and Pr MUCS5B promoter.
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Figure 3. MUC5B Expression in 33 Subjectswith Idiopathic Pulmonary Fibrosis (IPF) and 47
Healthy Controls, Stratified According to MUC5B Promoter Single-Nucleotide Polymor phism
(SNP) (rs35705950) Genotype and Smoking Status

Panel A shows the distribution of MUCS5B expression among subjects with wild-type or
heterozygous rs35705950 genotypes of MUCS5B according to the presence or absence of
IPF. Panel B shows MUCS5B expression among all controls, controls who smoked, and
controls who did not smoke, according to rs35705950 genotype. Panel C compares MUC5B
expression in all subjects with IPF, those who smoked, and those who did not smoke,
according to rs35705950 genotype. In all the panels, the horizontal lines indicate group
medians, and the expression of MUCS5B is shown in relation to the expression of the
glyceraldehyde 3-phosphate dehydrogenase gene (GAPDH).
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Figure 4. Immunohistochemical Staining of MUCS5B in Lung Tissue from Subjectswith
Idiopathic Pulmonary Fibrosis and Controls

Immunohistochemical staining showed MUCS5B distribution in the cytoplasm of the
secretory columnar cells of the bronchi and larger proximal bronchioles in a specimen of
lung tissue from a control subject (Panel A). In subjects with idiopathic pulmonary fibrosis,
regions of dense accumulation of MUC5B were observed in areas of microscopical
honeycombing and involved patchy staining of the metaplastic epithelia lining the
honeycomb cysts (Panel B). Accumulation was also observed in the mucous plugs within
the cysts (Panel C).
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